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ABSTRACT

This document describes part of the work conducted under MOU252 and MOU324, related to the studies of vehicle
collisions in vehicle-following operations.

This working paper is a detailed documentation of a computer program that is the core element of the simulation
tools for vehicle collision dynamics. The program, SMAC (Simulation Model of Automobile Collisions), and its
PC-platform version EDSMAC have been used extensively in recent work at PATH to investigate the consequences
of vehicle collisions and the effects of vehicle-following parameters on collisions.

A copy of the source codes of SMAC was obtained from the University of Michigan Transportation Research
Institute (UMTRI). Revisions to the program were made to insert the option of exercising feedback control in
collision situations. After these revisions, control algorithms can now be tested in crash scenarios to examine the
feasibility and effectiveness of vehicle control in emergency conditions.

The structure of the program was outlined in this report with descriptions of the major subroutines. The added
options for implementing user-specified steering inputs and feedback controllers were explained in details. An
example input file for running the computer program was also provided to illustrate the formats and contents of
input parameters. This working report provides a concise and essential documentation for the computer program.
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EXECUTIVE SUMMARY

This working paper is a detailed documentation of a computer program that is the core element of the simulation
tools for vehicle collision dynamics. The program, SMAC (Simulation Model of Automobile Collisions), and its
PC-platform version EDSMAC have been used extensively in previous studies at PATH to investigate the
consequences of vehicle collisions and the effects of vehicle-following parameters on collisions.

SMAC analyzes the longitudinal and lateral movements of vehicles as well as the rotational motion about the
vertical axis of vehicles on a horizontal plane. If a contact between vehicles is detected, the collision phase is
analyzed. The external forces can be applied either at the tire/road interface or between the vehicles.

A copy of the source codes of SMAC was obtained from the University of Michigan Transportation Research
Institute (UMTRI). The source code was written in FORTRAN. Revisions to the program, described in this paper,
were made by the author to insert the option of exercising feedback control in collision situations. After these
revisions, control algorithms can now be tested in crash scenarios to examine the feasibility and effectiveness of
vehicle control in emergency conditions.

The structure of the program was outlined in this report with descriptions of the major subroutines. The added
options for implementing user-specified steering inputs and feedback controllers were explained in details. An
example input file for running the computer program was also provided to illustrate the formats and contents of
input parameters.

With the completion of the revisions to the program, the simulation tool is now available for the studies of
advanced vehicle control in collisions. This working report provides a concise and essential documentation for the
computer program. It will facilitate the use of this program as a validation model or combine it with other
simulation tools.

1.0 INTRODUCTION

This progress report is generated from the work conducted under MOU-324. In this project, which is an extension
of MOU-252, a simulation program was used to study the phenomena of vehicle dynamics in vehicle-following
collisions. As part of the proposed work, the source codes of this simulation program was obtained and modified
so that additional features can be incorporated into the codes to serve the purposes of research activities.

In this report, the source codes are reviewed and documented for future references. A floppy disk containing the
source codes is attached with this report.

2.0 BACKGROUND INFORMATION ON SMAC

The analysis of vehicle collisions in the work related to MOU-252 is conducted with a simulation program
developed by Engineering Dynamics Corporation (EDC) for PC-DOS platforms. The software package, EDSMAC
(Engineering Dynamics Corporation Simulation Model of Automobile Collisions), is used for the analysis of two-
vehicle collisions. It is based on a program called SMAC [1-3] initially developed by Calspan Corporation for
National Highway Traffic Safety Administration (NHTSA) and subsequently improved by EDC [4-7]. EDSMAC
uses a set of assumed or estimated parameters, including vehicle and roadway properties to predict the outcome of a
collision. Engineers have been using this simulation program to analyze vehicle dynamics and the damage resulting
from crashes. Researchers have found that the program yields reasonable results with sound input data [8-13].

EDSMAC analyzes the longitudinal and lateral movements of vehicles as well as the rotational motion about the
vertical axis of vehicles on a horizontal plane. If a contact between vehicles is detected, the collision phase is
analyzed. The external forces can be applied either at the tire/road interface or between the vehicles.

In the collision phase of the simulation model, a force proportional to the amount of crush is exerted as the body of
a vehicle is crushed. This is accomplished by dividing the vehicle’s perimeter into equally spaced intervals. Each of
these intervals forms a pie-shaped wedge having its focus at the center of gravity of the vehicle. The vehicle exterior
is assumed to have homogeneous stiffness. By knowing where the vehicles are with respect to each other,



EDSMAC locates the wedges that are in contact and equalizes the force between them. The resulting summation of
forces dictates the motion of each vehicle due to the collision. This process continues for each collision time
increment until the vehicles are no longer in contact.

EDSMAC allows the direct entry of vehicle data by users or the selection of default values. The vehicles are
categorized by their wheelbase lengths into several classes. Class I and II are small passenger cars while Classes 111
to V are medium to large cars. In this paper, default values of vehicle parameters provided by EDSMAC are used in
the simulation during this study. [7]

Attempts were made at the beginning of MOU-324 to acquire the source codes of SMAC directly from NHTSA.
Since the program was developed more than 20 years ago, efforts to track down and locate the source codes were not
successful. Through a series of contacts, a copy of the source code was finally obtained from the University of
Michigan Transportation Research Institute with the help of Charlie Compton and Joel MacWilliams of University
of Michigan, Traffic Research Institute (UMTRI). The source code was written in FORTRAN with limited
revisions by UMTRI researchers added to the original version.

3.0 STRUCTURE AND FLOW CHART OF SMAC

The SMAC program is separated into several main parts:

1. Input phase: This portion receives the information regarding the integration and output time steps, the vehicle
parameters, state variables such as position and speed, steering and tire torque inputs from an input file.

2. Trajectory phase: A subroutine and associated functions calculate the trajectories of the subject vehicles while
the vehicles are not in a collision.

3. Collision phase: The collision routines determine if the vehicles are in contact and calculate the contact forces
and its direction, which is then used to determine the subsequent motions of the vehicles.

4. Output phase: The states of the vehicles are printed at specified intervals, and also plotted on the terminal
display if desired.

The plotting routines in the output phase is removed from the current version since it was originally designed to
work with a plotting library on a mainframe computer. The plotting features can be added back if needed for a
particular type of operating systems and their graphic libraries.

The main sequence and flowchart of the program is depicted in Figure 1. The major subroutines and their related
functions are grouped in the associated blocks.

3.1 Descriptions of Program Subroutines and Sequences

The main portion of the program is separated into several sections: Input, Trajectory, Collision, and Output, as
indicated in Figure 1. This section describes the structure and the sequence that these subroutines are related.

3.1.1  Initiation - SMACPATH

The main portion of the original SMAC program is converted into a subroutine SMAC. A short initiation
program, SMACPATH, is constructed as the main program. In SMACPATH, the files are open and ready for the
program before SMAC is called.

3.1.2  Main Subroutine — SMAC
SMAC called several subroutines in the following sequence:

SMAC calls INPUT and CNSTNT to initialize constants and variables.

SMAC checks if there is contact between two vehicles.

SMAC calls RNGKTT1 to integrate the motion of the vehicles for each time step.

SMAC calls ACCEL and SAVMAX to update the acceleration and the direction of impact.
SMAC calls OUTPUT if it is time to print.

SMAC checks the variables and simulation conditions for error handling.

SMAC ends the simulation if the final time has been reached or if other conditions have been met.

Qmmouow>

Some of the major subroutines are explained as follow:



(1) INPUT

INPUT reads input information from an input file, INPUT.DAT. The details of the input file is given in the next
section.

(2) ACCEL

ACCEL uses the change in linear and angular velocities to calculate the longitudinal and lateral components of
vehicle accelerations.

(3) SAVMAX

In the process of calculation, SAVMAX saves those maxima that are followed by resultant acceleration less than
1.0G and then followed by resultant acceleration greater than 1.0G. At the end of run, SAVMAX arranges in order
of decreasing maxima and computes the principal direction of impact. SAVMAX also calls subroutine DELTAV,
which computes the velocity change of the vehicle center of gravity (CG) during a collision.

(4) RNGKT1

RNGKT1 is a fourth-order Runge-Kutta integration subroutine. A subroutine, DAUX, is supplied by users to
describe the differential equations.

(5) DAUX

DAUX calls TRAJ to compute vehicle trajectories and COLL if vehicles are in a collision.

(6) TRAJ

TRAJ uses wheel inputs to calculate forces and torques applied to the vehicles.

(7) COLL

COLL checks around the profiles of the vehicles to see if contact is made. If so, calculates the relative speeds and
forces. COLL calls PSBRAN, TORDER, SETIND. For details of the calculation in (6) and (7), please refer to
McHenry, 1971 [1].

(8) OUPUT

OUTPUT produces a formatted output to OUTPUT.DAT. OUPUT calls other subroutines OUT2, RNGDAM,
DAMAGE, NCOLDV. RNGDAM in turns calls ADJEND. DAMAGE calls FULSRC, CORSRC, DEFMJ.
Most of these subroutines post-process the outcome of the collisions and computes the damage range, sum of
velocity change, etc. The range of damage indicates the width, depth, and location of damage occurred to each
vehicle.

3.2 Input File

The input file is assigned a name of ‘input.dat’ in the main program, SMACPATH. A sample file is shown in
Figure 2. Except lines 1 and 2, each line in the input file has an integer entry on columns 73-80. The integer
indicates the entry row number to the input subroutine so that the inputs are read into the proper parameters and
variables. As a result, the lines in the input files can be entered in altered orders as long as the entry row numbers
are associated with the correct contents. The descriptions of the contents are as follow:

Line Sequence | Row Entry No.| Contents

1-2 N/A Text Description of simulation
Format: characters up to 80 per row
3 1 TO: begin time; all times in seconds

TF: final time

DTTRALJ: integration time step for trajectory phase

DTCOLL: integration time for collision phase

DTCOLT: integration time step following collision

DTPRNT: time step for print out

UVMIN: minimum velocity to terminate simulation, inch/sec
PSIDOT: min. angular velocity to terminate simulation, deg/sec
No. of vehicles: 1 or 2

Format: 9 floating numbers with each entry occupying 8 columns

4 2 Vehicle 1:

XC10: initial x position, inch

YCI10: initial y position, inch

PSI10: initial yaw angle, deg

PSI1DO: initial yaw rate, deg/sec

U10: initial longitudinal velocity, inch/sec




V10: initial lateral velocity, inch/sec

Format: 6 floating numbers with each entry occupying 8 columns

Vehicle 2: similar to the row above
(replace 1 by 2 in variable names)

Vehicle 1:

Al: distance CG to front axle, inch

B1: distance CG to rear axle, inch

TR1: track width, inch

I1: yaw inertia, Ib-sec-sec-inch

M1: mass, Ib-sec-sec/inch

PSIR10: rear axle angle if damaged, deg
XF1: distance CG to front end, inch
XR1: distance CG to rear end, inch
YS1: distance CG to side, inch

Format: 9 floating numbers with each entry occupying 8 columns

Vehicle 2: similar to the row above
(replace 1 by 2 in variable names)

Vehicle 1:

C(1): cornering stiffness for right front tire, Ib/radian
C(2): cornering stiffness for left front tire

C(3): cornering stiffness for right rear tire

C(4): cornering stiffness for left rear tire

Format: 4 floating numbers with each entry occupying 8 columns

Vehicle 2:

C(5): cornering stiffness for right front tire, Ib/radian
C(6): cornering stiffness for left front tire

C(7): cornering stiffness for right rear tire

C(8): cornering stiffness for left rear tire

Format: 4 floating numbers with each entry occupying 8 columns

10

Vehicle 1:

TBTQI (initial time for torque input, sec)
TETQI (final time for torque input, sec)
TINCQI1 (time increment for torque input, sec)
NTBLQI1 (if not 0.0, do not read table)

Format: 4 floating numbers with each entry occupying 8 columns
Note: The first 3 variables decide the number of entries in the table.

11

N/A

Following the row above, 7 entries per row for right front wheel
with minimum of 3 and maximum up to 201 entries

Format: 7 floating numbers with each entry occupying 10 columns

12

N/A

Similar to the row above with entries for left front wheel

13

N/A

Similar to the row above with entries for right rear wheel

14

N/A

Similar to the row above with entries for left rear wheel

15

Vehicle 2: similar to row 8 above

16-19

N/A

Similar to row 12-15 above

20

10

Vehicle 1:
TBPSF1 (initial time for steer input, sec)




TEPSF1 (final time for steer input, sec)
TINCP1 (time increment for steer input, sec)
NTBLP1 (if not 0.0, do not read table)

Format: 4 floating numbers with each entry occupying 8 columns
Note: The first 3 variables decide the number of entries in the table.

21 N/A Following the row above, 7 entries per row for right front wheel
with minimum of 3 and maximum up to 201 entries

Format: 7 floating numbers with each entry occupying 10 columns

22 N/A Similar to the row above with entries for left front wheel
23 11 Vehicle 2: similar to row 10 above
(replace 1 by 2 in variable names)
24-25 N/A Similar to row 22-23 above
26 12 XBP(1): points defining terrain zones, inch
YBP(1)
XBP(2)
YBP(2)

XMUI: friction coefficient in zone 1 at zero speed

XMU?2: friction coefficient in zone 2 at zero speed

CMU: coefficient of linear decrement of friction with tire speed
FMOVIE: not used in this version

Format: 7 floating numbers with each entry occupying 10 columns

27 13 DELPSI: interval between radial vectors, deg

DELRHO: increment change in radius vector, inch
LAMBDA: acceptance error in equilibrium, 1b/inch
ZETAV: minimum relative velocity for friction, inch/sec
KV1: load-deflection characteristics, vehicle 1, Ib/inch-inch
KV2: load-deflection characteristics, vehicle 2, Ib/inch-inch
MU: inter-vehicle friction coefficient

Format: 7 floating numbers with each entry occupying 8 columns

28 14 CO0, C1, C2: coefficients of assumed parabolic variation of coefficient of restitul
with deflection

Format: 3 floating numbers with each entry occupying 8 columns

29 15 PSILIM1: PSIB Range Test, Collision Criteria, default 70 degrees
PSILIM2: default 110 degrees

PSILIM3: default 250 degrees

PSILIM4: default 290 degrees

PSILIMS: PSIBI1 for RHOBI Test, default 10 degrees

PSILIMG6: default 170 degrees

PSILIM?7: default 190 degrees

PSILIMS: default 350 degrees

Format: 7 floating numbers with each entry occupying 8 columns

30 16 IOPTION: added features (to be explained in the next section)

31 10001 End of input file




Figure 1. Flow Chart of Simulation Program
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SMAC INPUT EXAMPLE FILE

MODIFIED FOR PATH ON 11-12-1997

0.0 5.0 0.025 0.001 0.005 0.100 36.0 10.0 20 1
00 00 50 0.0 6000 0.0 2

500.0 0.0 60.0 0.0 0.0 0.0 3

52.7 54.8 57.7 22424. 851 0.0 857 -100.0 35.7 4
57.3 59.7 60.0 29560. 9.86 0.0 94.8 -110.8 384 5

-10250 -10250 -10195 -10195 6
-10250 -10250 -10195 -10195 7
00 50 10 -01 8

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

00 50 10 0.0 9
0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

00 50 10 0.0 10
0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

00 50 10 0.0 11
0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

-100.0 -100.0 -100.0 100.0 0.7 0.7 0.0 12
20 0.2 150 5.0 50.0 50.0 0550 0.0 13
4606E-517547E-716711E-9 14
1 16
10001

Figure 2. A Sample Input File

3.3 Added Options

In row entry 16, an integer, IOPTION, is used to indicate a few added options of executing the simulation. The
options are:

A. ICNTRL =1

Run a simulation with vehicle 1 and a step input of steering at the front wheels. The program will ask interactively
for a steering angle. The step input starts at 0.25 second into the simulation.

B. ICNTRL =2

Run a simulation with vehicle 1 and a sinusoidal input of steering angle at the front wheels. The program will ask
for the frequency and amplitude of the input. The sinusoidal input starts at 0.25 second into the simulation.

C. ICNTRL =3

Run a simulation with a feedback controller implemented in subroutine CNTRL.

D. ICNTRL =4

Run a simulation with feedback controllers with time delay, also implemented in subroutine CNTRL.



These added features are implemented for the purpose of ongoing development work at PATH. The addition of
these options allows the studies of vehicle dynamics and control algorithms in collisions.

4.0 CONCLUDING REMARKS

This report summarizes the contents of SMAC source codes. A copy of the code is attached to this report. This
documentation will allow future developers to utilize this program as a validation model or combine it with other
simulation tools.

This work is part of the research project conducted under MOU-324 and an extension of MOU-252. Readers can
refer to previous publications [16-21] for findings using this simulation tool. Future work of this project includes
the testing of control algorithms in certain collision scenarios.
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ONQ)

SUBROUTI NE COLL
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
COVWON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
COWON | NTG NEQ T, DT, VAR( 12) , DER( 12)
EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),

1 (VAR(4), PSI 1D), (VAR(5), UL), (VAR(6), V1),
2 (VAR(7), XCP2), (VAR(8), YCP2) , (VAR(9), PSI 2),
3 (VAR(10), PSI 2D), (VAR(11), U2), (VAR(12), V2)

EQUI VALENCE ( DER(1), DXCP1), ( DER(2), DYCP1), ( DER(3), DPSI 1),
( DER(4), DPSI 1D), ( DER(5), DUL) , ( DER(6) , DV1),
(DER(7), DXCP2) , ( DER(8) , DYCP2) , ( DER(9) , DPSI 2) ,
( DER( 10) , DPSI 2D), ( DER(11), DU2) , ( DER( 12) , DV2)
COWON | NPT/ TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DWN, FVEHO
, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 200, U20, V20,
A1, B1, TRL, FI Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, FI Z2, F\R, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NCQL, NTBLQL, NTQL,
TBTQ, TETQR, TI NOQ, NTBLQ2, NTQ2, TI | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1,
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PS| FI ( 4, 201),
XBP(2) , YBP(2) , XMJL, XMU2, CMJ
COWON | NPT/ DELPS0, DELROD, ALAVB, ZETAV, AKV(2) , AMJ, €0, CL, C2,
PSLMLO, PSLM20, PSLMBO, PSLM40, PSLMVGO, PSLNVBO, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)
COMMON/ | NTGR/ JCC( 4) , JCOR( 4) , NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,
19,J9(361,2), NPSJIB,|PSIB,I3,1LAST,IL, | NDL,I|ND2, | NDI
, NDJ, | STOP, | TZERL, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB,
| COLLP, | COLL, | Q I ND, I VEH, LL, | CTVDI , | TCOL, | TFLGL,
| TFLG2, N\V\RDB1, NWRDE1, NWRDB2, NVRDE2, | COLAC
IN COMMON / COVP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES
WH CH ARE EQUI VALENCED TO ARRAYS.
COWWON COVP/  DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVMN2, PSI DMA, TPRI NT, DTP,
ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LNG, PSI LMVB, PSI LM,
PSI LMB, EJJ(4, 2), G1J(4, 2), CLOC2, PSCC, PSI R1, PSI R2,
XCMXCL, XCMXC2, YCMYCL, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
XCPI, YCPI , PSI |, XCPJ, YCPJ, PSI J, XCMXC, YOMYC, SPSI J,
CPSI J, XFI, XRl, YSI, XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
XPJ(4), YPI(4), ANGYX, SPAN, PSI BPI (4), PSI BPB, PSI BPF,
FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B,
RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB
COVMON COVP/ PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI ,
PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBVX, RHOBI T, RHOBT,
SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FN1, SPSF,
CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F,
X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNNL,
FNX2, FNY2, FNN2, SFX1, SFY1, SFNL, SFX2, SFY2, SFN2,
SFX1C, SFX2C, SFY1C, SFY2C, SFNLC, SFN2C,
SFX1T, SFX2T, SFYLT, SFY2T, SFNLT, SFN2T, TCOL, TEND,
TREST1, TREST2, TCOLS1, TCOLS2, PLTEM P2TEM ULV1E, U2V2E,
EXTRA( 10)
COVVON COVPT/ W 8) , XWP( 8) , YWP( 8) , FLAGA(8) , PSI W 8) , TQW(8) ,
TFX, TFY, TMOM PSI RR, COEF, COEF1, COEF2, TRD2, TRD21, TRD22,
XBMXB, FNUM A, B, FI Z, FMASS, XC, YC, U, V, PSI C, PSI CD, UD2,
SGNU, SGNI, AOVB, CSPSI C, SNPSI C, TRCPSC, TRSPSC, TRPSCD,
X', XW YW SX, SY, S, XPP, YPP, RHO, RHOP, XMUS, XMJ, PSI , XNUM
XDEN, RATI O, ALFA, F, TI F, FC, FCOS, SMAL, FSMX, FS, BETB, FX, FY
, CSPSI , SNPSI , XCXC, YCYC, SPJ, CPJ, SPI J, CPI J, XFJJ, XR1J,
YSJJ, E3J1, GIJI, XI CORJ, YI CORJ, NTQ TBTQ TETQ Tl NCRQ
NPSF, TBPSF, TEPSF, TI NCRP
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COVMON/ TAB/  TRHOB( 361, 2) , TROBMX( 361, 2) , TPSI B( 361, 2),
1 TCPSI B( 361, 2), TSPSI B( 361, 2), TXB1(100), TYBL( 100),
2 TPSB1(100) , TPRES1( 100)
DI MENSI ON  XCMXCI (2), YOWYCI (2), SPSI | (2), CPSI 1 (2), PSLMD( 8) , PSLM 8)
EQUI VALENCE ( XCMXCI (1), XOMXCL) , ( YCWYCI (1), YOWYCL), (SPSI | (1), SPSI 1)
1 , (CPSI1 (1), CPSI 1), (PSLM)(1), PSLMLO), (PSLM 1), PSI LML)

COVMON VDI CON HAS CONSTANTS USED FOR VEH CLE DAMAGE | NDEX
COMMON/ VDI CON EXTF1( 9), EXTRL( 9), EXTBL( 9), PSP1(12),
2 EXTF2( 9), EXTR2( 9), EXTB2( 9), PSP2(12), NCOL51( 10),
2 NCOL52( 10) , MMM 9)
| F(1 STOP. NE. 0) RETURN

CLEAR TABLE 3

13 = 100
DO2 1J=1,13
TXB1(1J) = 0.0
TYBL(1J) = 0.0
TPSB1(1J) = 0.0
TPRES1(1J)= 0.0
13=0
INDI = | NDL
INDJ = | ND2

SEE RESET AT ST 201
=1
J=2
1= 1
2= 7
XCPl = VAR(I1)
YCPI = VAR(I1 + 1)
PSI1 = VAR(I1 +2)
XCPJ = VAR(I2)
YCPJ = VAR(12 +1)
PSIJ = VAR(I12 + 2)
XCMXC = XCMXCI (1)
YCMYC = YCWYC (1)
SPSIJ = SPSI 1 (J)
CPSIJ = CPSI 1 (J)
XFI = EJJ(1,1)
XRI = EJJI(3,1)
YSl = G1I(1,1)
XFJ = EJI(1,J)
XRJ] = EJJI(3,J)
YSI = &J(1,J)
AKVI = AKV(1)
AKVI = AKV(J)

XFI PAR = 0.15 * XFlI
YSI PAR = 0.36 * YSI

XFIPAR = 0.15 * XFJ

YSIPAR = 0.36 * YSJ

DO 10 | C=1, 4

E] = EJJ(ICJ)

Q& = &J(ICJ)

XPJ(1C) = XCPJ + EJ *CPSIJ - GJ *SPS|J

YPI(1C) = YCPJ + EJ *SPSIJ +GJ *CPS|J

CORNER PTS OF VEHI CLE J | N SPACE- FI XED SYSTEM RF 1,LF 2,RR 3,LR 4
CALL PSBRAN

IF( PSIB - TWOPI) 82,81, 81

PSIB = PSIB - TWOPI

GO TO 80

| F( ABS(PSIB) - DELPST) 83,83, 84

PSIB = 0.0

IPSIB = 1

PSFMPS = PSI BPF



GO TO 85
84 | F( ABS(PSIB-TWOPI) - 0.005) 83,83, 840
840 PSFMPS = PSI BPF - PSI B
85 | F( PSFMPS) 86, 86, 88
86 | F(PSFMPS + PI) 88, 88, 200

c
88 RHOBI = TRHOB(IPSI B, I)
c NEG RHOBI FROM TABLE MEANS NO ENTRY YET
19 =0
c 19 =1 1S | ND CATOR FOR TEMPORARY TRHOB ENTRY ( REPORT STEP NI NE)

RHOBMX = TROBMX(I PSI B, 1)
881 | F( RHOBMX) 100, 100, 89
89 | F(RHOBI) 90, 90, 120
90 RHOBI = RHOBMWX

@O TO 115
100 | F((PSI LML. LE. PSI B. AND. PSI B. LE. PSI LM2) . OR (PSI LMB. LE. PSI B
X .AND. PSI B. LE. PSI LM4)) GO TO 103

SCPSI B = 1.0/ COS( PSI B)

RHOBIN(1) = XFI *SCPSI B

RHOBI N(2) = XRI *SCPSI B

| F((PSI LMb. LE. PSI B. AND. PSI B. LE. PSI LMB) . OR. (PSI LM7. LE. PSI B

X .AND. PSIB.LE. PSILMB)) GO TO 105
RHOBI N(3) = - 100.
RHOBI N(4) = - 100.
GO TO 107
103 RHOBIN(1) = -100.
RHOBI N(2) = - 100.
105 CSPSIB = 1.0/ SI N( PSI B)
RHOBIN(3) = YSI * CSPSIB
RHOBI N(4) = - RHOBI N(3)

107 RHOBI T= 1.
DO 110 1J =1, 4
| F(RHOBI N(1J)) 110, 108, 108
108 | F(RHOBI N(1J) - RHOBIT) 109, 110, 110
109 RHOBI T= RHOBI N(1J)
110 CONTI NUE
| F(RHOBI T) 111, 111, 112
111 | STOP=3
WRI TE( NOUT, 5111) T, RHOBI T, PSI B
5111 FORMAT(5H05111, 2X, 3H T=, F8. 4, 5X, 7HRHOBI T=, E14. 6, 2X, 6H PSI B=, E14. 6)
GO TO 300
112 TROBMX(I PSIB, 1) = RHOBI T
RHOBMX = RHOBI T
| F (RHOBI) 114,114, 120
114 RHOBI = RHOBI T

m
N
o

TPSIB(IPSIB, 1) = PSIB
115 TRHOB(I1 PSIB, 1) = RHOB
19 =1
C
120 PSIBIJ = PSIB + PSI| - PSIJ
CPSBI J = COS(PSI Bl J)
SPSBIJ = SI N(PSI Bl J)
XBIJ = YCMYC*SPSIJ + XCMXC*CPSIJ + RHOBI * CPSBI J
YBIJ = YCMYC*CPSIJ - XCMXC*SPSIJ + RHOBI * SPSBI J
I F(XRJ. LT. XBIJ . AND. XBIJ.LT.XFJ .AND. (-YSJ).LT.YBIJ . AND.
X YBIJ.LT.YSJ ) GO TO 130
I F(19) 122,122, 121
121 TRHOB(IPSIB, 1) = -10.0
C MESSAGE 5121
19 =0

C
C AT ST 122 | NCREMENT PSI B AND | PSI B



122
123
124

125

130
131
132

133
134
135

138

139

140
1400
1401

1402
1403

1404
141

142
143

5143 FORMAT(7H05143

1

SIB - IPSIBO ) 125,123,125
SI BO - NDTAB ) 125,124,124

I
B .0
MPS = PSI BPF

00— — —

WOTTT

n=p—~—o
(@)

38
ol

FLOAT(| PSI B) *DELPSI
IPSIB + 1

3
4= w-d

oOw
o Il Il 0o

8

| F(XBI J) 133,131, 133
| F(YBIJ) 133,132,133
PSIBPJ = 0.0
GO TO 138
PSI BPJ = ATAN2(YBI J, XBI J)
| F(PSI BPJ) 135, 138, 139
PSIBPJ = TWOPI + PSI BPJ
GO TO 134
NPSIB = 0
FNPSJB = 0.0
PSIBJ = 0.0
IPSIB = 1
AT ST 138 PSIBPJ IS ZERO
GO TO 141
NPSJB = PSIBPJ/DELPSI + 0.5
FNPSJB = FLOAT(NPSJB)
| PSJB = NPSJB + 1
PSIBJ = FNPSJB * DELPSI
| F(PSIBJ - TWOPI) 1402, 1401, 1401
PSIBJ = PSIBJ - TVWOPI
GO TO 1400
| F (ABS(PSIBJ) - DELPST) 1403, 1403,
PSIBJ = 0.0
IPSIB = 1
GO TO 141

1404

| F(ABS(PSI BJ - TWOPI) - 0.005) 1403, 1403, 141

PSJTB = TPSI B(1 PSJB, J)
RHOBJ = TRHOB(| PSJB, J)

XYJSQR = SOQRT(XBI J*XBI J + YBI J*YBI J)

| PRESZ = 0
| F(RHOBJ) 149, 149, 142

| F( ABS(PSJTB - PSI BJ) - DELPST) 145, 145, 143

| STOP = 4

VWRI TE(NOUT , 5143) T, DELPST, PSI BJ, PSJTB, | PSJB

7H PSJTB=, E14. 6, 7H | PSJB=, | 4)
GO TO 300

145 TEMP1 = ABS(TSPSI B(1 PSJB, J)

)
TEMP2 = ABS(TCPSI B(| PSJB, J))
| F(TEMP1) 1454, 1451, 1454

1451 | F(TEMP2) 1454, 1452, 1454
1452 | STOP = 11
VRl TE( NOUT, 5145) T, RHOBJ, XYJSQR, PSI BJ, PSJTB, | PSJB

5145 FORMAT( 7H05145

1454
1455

1456
1457
146

1

,3H T=, F8. 4, 8H RHOBJ

,3H T=, F8. 4, 8H DELPST=, E14. 6, 7H PSI BJ=, E14. 6,

=, E14. 6, 9H XYJSQR =, E14. 6,

7H PSI BJ=, E14. 6, 7H PSJTB=, E14.6, 7H I PSJIB=,1|4)
GO TO 300
| F ( TEMP1- TEMP2) 1455, 1456, 1456

TEMP3 = (DELRHO + 0.5*DELPS2* RHOBJ* TEMP1 ) / TEMP2

GO TO 1457

TEMP3 = (DELRHO + 0. 5* DELPS2* RHOBJ* TEMP2 ) / TEMP1
| F(RHOBJ - XYJSQR + TEMP3) 146, 151, 151

I F(19) 148, 148, 147



147

148

149
150

1499
1500
1501
1502

1503

1504
1505
1506

1507
1508
1509
1510

1511
151

152
153

154

155
156
1561

1562
1572

158
1581
1582
1583

1584
160

1600
5160

161
162

TRHOB(IPSIB,1) = - 10.0
19 =0

GO TO 12
PRESI
PRESJ
| PRES
| PRESZ = 1
GO TO 151

0
0

2
0.
0.
0

IF (19) 150, 150, 151
TEMP = PSIBJ - PSIBPJ

| F(ABS( TEMP) - DELPS2) 1500, 1500, 1499

TEMP = TEMP + TWOPI

| F(XBI J) 1501, 1502, 1501

| F(YBI J) 1503, 1502, 1503

TRHOB(| PSJB, J) = XYJSQR

GO TO 1508

TEMPYX = YBI J/ XBI J

| F(ABS( TEMPYX) - 0.27) 1507, 1504, 1504

| F(ABS( TEMPYX) - 1.0) 1505, 1505, 1506

| F( TEMP* TEMPYX) 1507, 1507, 1506

TRHOB(| PSJB, J) = XYJSQR*(1.0 - TEMP*XBI J/ YBI J)
GO TO 1508

TRHOB(| PSJB, J) = XYJSQR*(1.0 + TEMP* TEMPYX)
| F(TCPSI B(I PSJB, J)) 1511, 1509, 1511

| F(TSPSI B(1 PSJB, J)) 1511, 1510, 1511

TPSI B(I1 PSJB, J) = PSIBJ

TCPSI B( |1 PSJB, J) = COS(PSI BJ)
TSPSI B(1 PSJB, J) = SI N( PSI BJ)
JO(IPSIB,J) = -1

CPSIB = COS(PSI B)

SPSIB = SIN(PSIB)

XBI = RHOBI*CPSIB

YBI = RHOBI*SPSIB

| F (I PRESZ) 152,152, 180

| PRES = 1

TEMPL = XFI - XBl  + .0001

| F( TEMP1) 1600, 161, 154

TEMP2 = XBl-XR  +. 0001

| F( TEMP2) 1600, 161, 155

| F(TEMP1- TEMP2) 1561, 1561, 156
TEMP1 = TEMP2

TEMP2 = YSI - ABS(YBI) + .0001

| F( TEMP2) 1600, 161, 1562

I F(INDI) 160, 1572, 158

TEMP1 = TEMP2

GO TO 160

| F(TEMP1 - XFI PAR) 1582, 1582, 1581
| F((TEMP2 - YSIPAR ) 1584, 160, 160
| F( TEMP1- TEMP2) 160, 160, 1583
TEMP1 = TEMP2

GO TO 160

TEMPL = TEMP1 *( TEMP2/ YSI PAR)
PRESI = AKVI * TEMPL

GO TO 162

VRI TE( NOUT, 5160) T, XFI, XRI, YSI, XBI, YBI, PSI B, PSI Bl J, | PRES, | ND
FORVAT(22H05160 PRESI TENDS NEG 2X, 3H T=, F8. 4, 5H XFI =, E14. 6

X5H XRI =, E14. 6, 5H YSI =, E14. 6/ 34X, 6H XBl =, E14. 6, 18X, 6H YBI

=, E14. 6/

X 34X, 6H PSI B=, E14. 6, 8H PSI Bl J=, E14. 6, 7H | PRES=, 14, 6H | NDI =, | 4/

X 21H SET PRESI =0. 0)
PRESI = 0.0
TEMP1 = XFJ - XBIJ + .0001



163

164
165
1660

1661
1665

167
1670
1671
1672

1673
169

170

5170

00

1700
1701
1703

1704
1705

1706
172

173
5173
174
C
C
C
180

1800

5030

| F(TEMP1) 170, 1700, 163

TEMP2 = XBIJ - XRJ + . 0001

| F(TEMP2) 170, 1700, 164

| F(TEMP1- TEMP2) 1660, 1660, 165

TEMPL = TEMP2

TEMP2 = YSJ - ABS(YBIJ)  + .0001

| F(TEMP2) 170, 1700, 1661

| F(1 NDJ) 169, 1665, 167

TEMPL = TEMP2

GO TO 169

| F(TEMP1 - XFJPAR) 1671, 1671, 1670

| F(TEMP2 - YSIPAR) 1673, 169, 169

| F( TEMP1- TEMP2) 169, 169, 1672

TEMPL = TEMP2

GO TO 169

TEMPL = TEMP1 *( TEMP2/ YSIPAR)

PRES] = AKVJ * TEMP1

GO TO 1701

WRI TE( NOUT, 5170) T, XFJ, XRJ, YSJ, XBI J, YBI J, PRESI , PSI B, PSI Bl J, | PRES,
X | NDJ

FORMAT(22H05170 PRESJ TENDS NEG 2X, 3H T=, F8. 4, 5H XFJ=, E14. 6,
X5H XRJ=, E14. 6, 5H YSJ=, E14. 6/ 34X, 6H XBl J=, E14. 6, 18X, 6H YBI J=, E14. 6,
X 2X, 7H PRES| =, E14. 6/
X 34X, 6H PS| B=, E14. 6, 8H PSI Bl J=, E14. 6, 7H | PRES=, | 4, 6H | NDJ=, | 4/

X 21H SET PRESJ=0. 0)
OM T FORMER STOP
GO TO 300
PRESJ = 0.0
| F(PRESI + ALAMB - PRESJ) 1704, 180, 1703

PRES| = PRESJ
GO TO 180
| F((ABS(AKVJ/ AKVI) - 1.25) - 0.75) 1705, 1705, 1706
TEMP3 = DELRHO
GO TO 172
TEMPL = (PRESJ- PRESI - 0. 0001* ( AKVJ- AKVI ) ) / ( ( AKVI +AKVJ) * DELRHO)
| TEMP2= TEMPL - 0.5
ROUND TO ONE LESS THAN NEAREST | NTEGER

TEMPL SHOULD ALWAYS BE GREATER THAN 0.5
TEMP2 = FLOAT (I TEMP2)
TEMP3 = (TEMP2 + 0.5) * DELRHO
XBI = XBl - TEMP3 * CPSIB
YBI = YBl - TEMP3 * SPSIB
XBI J XBIJ - TEMP3 * CPSBIJ
YBI J YBIJ - TEMP3 * SPSBIJ
| F(1 PRES -150) 174,173,173
| F(1 PRES -200) 174,173,173
| STOP=7
WRI TE(NOUT, 5173) T, PSI B, XBI, YBI, XBI J, YBI J, PRESI , PRESJ, | PRES

FORMAT(5H05173, 2X, F8. 4, 5X, 7TE14. 6, 1 4)
GO TO 300

I PRES = I PRES + 1

GO TO 153

TABLE 3 HAS FOUR ARRAYS, TXB1, TYBL, TPSB1, TPRESL

13 =13 +1
IF( 13 - 100) 1801, 1801, 1800
| STOP = 9

13P =13 - 1

WRI TE( NOUT, 5030) T, | NDL, | ND2, | 3P, (TPSBL(1J), 1J=1, | 3P)
FORMAT( 5H05030, 1X, 3H T=, F8. 4, 7H, I ND1=, 14, 7H, |ND2=, 14,
X 6H, 13=,14,16H, TPSB1 AS STORED / (1X, 10E13.5/))



VR TE( NOUT, 5031) (TXBL(1J),1J=1,13P)
5031 FORMAT(5H 5031, 10X, 6H TXB1/(1X, 10E13.5/))

WRI TE( NOUT, 5032) (TYBL(1J),1J=1, | 3P)
5032 FORMAT(5H 5032, 10X, 6H TYB1/(1X, 10E13.5/))

WRI TE(NOUT, 5033)  ( TPRES1(1J),1J=1, 1 3P)
5033 FORMAT(5H 5033, 10X, 6HTPRES1/ (1X, 10E13.5/))

GO TO 300
1801 CONTI NUE
IF(1-1) 181,181, 182
181 TXBL(13) = XBI
TYBL(13) = YBI
TPSB1(13) = PSIB
TPRES1(13) = PRESI
GO TO 183
182 TXB1(13) = XBIJ
TYBL(13) = YBIJ
| F(XBI J) 1823, 1821, 1823
1821 I F(YBIJ) 1823, 1822, 1823
1822 PSIBPJ = 0.0
GO TO 1826
1823 PSI BPJ = ATAN2(YBI J, XBI J)
1824 | F(PSI BPJ) 1825, 1826, 1826
1825 PSIBPJ = TWOPI + PSI BPJ
GO TO 1824
1826 TPSB1(13) = PSIBPJ
TPRES1(13) = PRESJ
183 XYSR = SQRT(XBI*XBl + YBI*YBI)
IF (J9(1PSIB, 1)) 190, 184, 184
184 DELTA = RHOBMK - XYSR
| F(DELTA) 185, 185, 186
185 CRHO = 0.0
RHOBI C = RHOBMX
GO TO 192
186 | F(DELTA- C1OC2) 187, 190, 190
187 CRHO = 0 + DELTA*(-Cl + C2*DELTA)
189 RHOBIC = CRHO * RHOBMX + (1.0-CRHO* XYSR
GO TO 192
190 CRHO = 0.0
RHOBI C = XYSR
192 | F(RHOBI C) 193, 193, 194
193 | STOP=10
WRI TE( NOUT, 5193) T, RHOBI C, PSI B
5193 FORMAT(5H05193, 2X, 3H T=, F8. 4, 5X, 7HRHOBI C=, E14. 6, 2X, 6H PSI B=, E14. 6)
GO TO 300
194 RHOBT = TRHOB(IPSI B, I)
| F(RHOBT) 197, 197, 195
195 | F(RHOBI C - RHOBT) 197, 198, 198
197 TRHOB(IPSIB, 1) = RHOBIC
198 19 = 0
TCPSI B(1 PSI B, 1)
TSPSI B(1 PSI B, 1)
GO TO 122

CPSI B
SPSI B

00

AT STATEMENT 200 | NTERCHANGE VEHI CLES | AND J AND RETEST
200 I-1) 201, 201, 202

201

ek~



202 |F (13) 203 , 240, 203
203 CALL TORDER( |3, |B1,|F1, TPSB1, TXB1, TYB1, TPRES1)

210 CPSI21 = CPSI2 * CPSI1 + SPSI2 * SPSI1
SPSI21 = SPSI2 * CPSI1 - CPSI2 * SPSI1
X2TEM = YCWCL * SPSI2 + XCMXCl1 * CPSI 2
Y2TEM = YCMYCl * CPSI2 - XCMXCl * SPSI 2
IB=1B1
IL 3-1

= |

211 DO 220 1J = IB,IL
|
|

I F(13-1) 212, 2131, 212
212 | F(1B-13) 2131, 213, 2131
213 1J1 = 1
GO TO 2132
2131 1J1 = 1J + 1
2132 XX = TXB1(1J) -TXB1(1J1)
YY = TYBL(1J)- TYBL(1J1)
PAV = 0.5 * (TPRES1(1J) + TPRES1(IJ1))
XXYYSR = SQRT(XX*XX + YY*YY)
ENL = PAV * XXYYSR
CPSF = XX/ XXYYSR
SPSF =YY/ XXYYSR
X1AV = 0.5 *(TXBL(1J) + TXBL(1J1))
YIAV = 0.5 *(TYBL(1J) + TYB1(1J1))
X2TERM = X1AV * CPSI21 + Y1AV * SPS| 21
Y2TERM = Y1AV * CPSI21 - X1AV * SPSI 21
CPS21F = CPSI21 * CPSF + SPSI21 * SPSF
SPS21F = SPSI21 * CPSF - CPSI21 * SPSF

X2AV = X2TEM + X2TERM
Y2AV = Y2TEM + Y2TERM

VT1AV = CPSF *(Ul - Y1AWPSI1D) + SPSF *(V1 + X1AV*PSI| 1D )
VT2AV = CPS21F* (U2- Y2AV*PSI 2D ) - SPS21F *(V2 + X2AV*PS| 2D )
VIWT = VT2AV - VT1AV

| F(ABS(VTMWT) - ZETAV) 214, 215,215
214 FRICT = AMJ * (VTWT/ ZETAV)

GO TO 216
215 FRICT = SI GN( AMJ, VTWT)

216 FNX1 = FN1 * (SPSF + FRI CT* CPSF)
FNY1 = FN1 * (FRICT*SPSF - CPSF)
FNN1 = - FNX1*Y1AV + FENY1* X1AV
FNX2 = -FNX1*CPSI 21 - FNY1 * SPSI 21
FNY2 = FNX1*SPSI 21 - FNY1 * CPSI 21
FNN2 = - FNX2*Y2AV ~ + FNY2 * X2AV
SFX1C = SFX1C + FNX1
SFY1C = SFY1C + FNY1
SFN1C = SFN1IC + FNN1
SFX2C = SFX2C + FNX2
SFY2C = SFY2C + FNY2
SFN2C = SFN2C + FNN2

220 CONTI NUE

| F(1B-1) 240, 240, 221
221 | F(I1B-13) 222,223,222
222

=
111

I3
I3
TO

8

211
223

v )

1

| F1-1
TO 211
URN

ufe,

240



O000

00

300 WRI TE(NOUT, 301) T,|STOP
301 FORMAT( 9HO STOP AT, F9. 4, 12H SEC, | STOP=, | 3)

RETURN

END
SUBROUTI NE PSBRAN

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC

RANGE OF CLOCKW SE ANGULAR SWEEP FOR VEHI CLE |

RETURNS PSI BPB(BEG N SWEEP) AND PSI BPF(FI NI SH SWEEP)
RETURNS PSI B TO BEG N AND | PSI B | NDEX

COVMON CONST/ G, RAD, PI, TWOP! , Pl O2, PI 32, ND2, ND4, ND8, NI N, NOUT
COVMON | NTG NEQ T, DT, VAR( 12) , DER( 12)

EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),

1 (VAR(4), PSI 1D), (VAR(5), U1), (VAR(6), V1),
2 (VAR(7), XCP2) , (VAR(8), YCP2), (VAR(9), PSI 2),
3 (VAR(10), PSI 2D), ( VAR(11), U2) , (VAR(12) , V2)

EQUI VALENCE ( DER( 1), DXCP1), ( DER(2), DYCP1), ( DER(3), DPSI 1),
(DER(4), DPSI 1D, ( DER(5), DUL) , ( DER(6), DV1),
( DER(7) , DXCP2) , ( DER(8) , DYCP2) , ( DER(9), DPSI 2)
( DER( 10) , DPSI 2D) , ( DER(11), DU2) , ( DER(12) , DV2)
COWON | NPT/ TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DWN, FVEHO
, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 2D0, U20, V20,
A1, B1, TRL, Fl Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, Fl 72, FMR, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NCQL, NTBLQL, NTQL,
TBTQ2, TETQR, TI NOQ, NTBLQ, NTQ2, TI | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1,
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PSI FI (4, 201)
XBP(2), YBP(2), XMUL, XMJ2, CMJ
COMMON/ | NPT/ DELPS0, DELRQD, ALAMB, ZETAV, AKV(2) , AMJ, €0, C1, C2,
PSLMLO, PSLM20, PSLMBO, PSLMA0, PSLNVEO, PSLMG0, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)
COVVON/ | NTGR/ JCC( 4) , JCOR( 4) , NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,
19,J9(361,2), NPSJB,|PSJB, |3, LAST, L, NDL | ND2, | NDI
, I NDJ, | STOP, | TZERL, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB,
| COLLP, | COLL, I Q I ND, | VEH, LL, | CTVDI, | TCOL, | TFLGL,
| TELG2, NV\RDB1, NVRDEL, NVIRDB2, NVIRDE2, | COLAC
N COMMON / COVP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES
WH CH ARE EQUI VALENCED TO ARRAYS.
COMMON/ COMP/  DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVM\2, PSI DMA, TPRI NT, DTP,
ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LMG, PSI LMB, PSI LM,
PSI LMB, EJJ( 4, 2), GJJ(4, 2), CLOC2, PSCC, PSI R1, PSI R2,
XCMXCL, XCMXC2, YOMYCL, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
XCPI, YCPI , PSI |, XCPJ, YCPJ, PSI J, XCMXC, YOMYC, SPSI J,
CPSI J, XFI, XRl, YSI, XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
XPJ(4), YPI(4), ANGYX, SPAN, PSI BPI ( 4), PSI BPB, PSI BPF,
FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B,
RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB
COWWON COVP/ PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI ,
PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBVX, RHOBI T, RHOBT,
SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FNL, SPSF,
CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F,
X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNNL1,
FNX2, FNY2, FNN2, SFX1, SFY1, SFN1, SFX2, SFY2, SFN2,
SFX1C, SFX2C, SFY1C, SFY2C, SFNLC, SFN2C,
SFX1T, SFX2T, SFY1T, SFY2T, SFNLT, SFN2T, TCOL, TEND,
TREST1, TREST2, TCOLS1, TCOLS2, PLTEM P2TEM ULVLE, U2V2E,
EXTRA( 10)
COVMMON/ COMPT/ W 8) , XWP( 8) , YWP( 8) , FLAGN( 8) , PSI W 8) , TQW(8) ,
TFX, TFY, TMOM PSI RR, COEF, COEF1, COEF2, TRD2, TRD21, TRD22,
XBMXB, FNUM A, B, FI Z, FMASS, XC, YC, U, V, PSI C, PSI CD, UD2,
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COVMON/ TAB/

SGNU, SGNI, AOVB, CSPSI C, SNPSI C, TRCPSC, TRSPSC, TRPSCD,

X', XW YW SX, SY, S, XPP, YPP, RHO, RHOP, XMUS, XMJ, PSI , XNUM

XDEN, RATI O, ALFA, F, TI F, FC, FCOS, SMAL, FSMX, FS, BETB, FX, FY

, CSPSI , SNPSI , XCXC, YCYC, SPJ, CPJ, SPI J, CPI J, XFJJ, XR1J,
YSJJ, E3J1, GIJI, XI CORJ, YI CORJ, NTQ TBTQ TETQ Tl NCRQ

NPSF, TBPSF, TEPSF, TI NCRP

TRHOB( 361, 2) , TROBMX( 361, 2) , TPSI B(361, 2),

TCPSI B( 361, 2), TSPSI B( 361, 2), TXB1(100), TYBL(100),

TPSB1(100) , TPRES1( 100)

DI MENSI ON  XCMXCI (2), YOWCI (2), SPSI | (2), CPSI 1 (2), PSLMD(8) , PSLM 8)
EQUI VALENCE ( XCMXCI (1), XOMXCL) , ( YCWCI (1), YOWCL), (SPSI | (1), SPSI 1)

, (CPSI'1 (1), CPSI 1), (PSLM)( 1), PSLMLO), ( PSLM 1), PSI LML)
DO 22 |1C=1, 4
Jog(10) =0
JCOR(IC) = IC
TEMPX = XPJ(1C)- XCPI
TEMPY = YPJ(IC)- YCPI
| F(TEMPX) 13,11, 13
| F(TEMPY) 13,12, 13
ANGYX = 0.0
Jo(10) = 1C
GO TO 17

ANGYX = ATAN2( TEMPY, TEVPX)
TEMPSI = ANGYX - PSI|

IF (TEMPSI) 19, 22,20
TEMPSI = TWOPI + TEMPSI
IF (TEMPSI) 19, 22,22

IF (TEMPSI - TWOPI) 22,22, 21
TEMPSI = TEMPSI - TWOPI

GO TO 20

PSIBPI (1C) = TEMPSI

| LAST = 4

ABIG = -1.E20

DO 35 |l = 1,1LAST

IF( PSIBPI(I1) - ABIG 35,34,34

ABlI G = PSI BPI
IBIG =11
CONTI NUE

(rn

| F(1 Bl G | LAST) 36, 38, 38
TEMPSI = PSI BPI (| LAST)
| TEMP = JCOR(| LAST)

PSI BPI (| LAST)
JCOR( | LAST)
PSI BPI (1 BI §
JCOR(I BI G

ABI G
JCOR(I BI G
TEMPSI
| TEMP

| LAST = I LAST - 1
| F(I LAST-1) 39, 39, 32

IBB = 1

IFF = 4
SPAN = Pl

| F(PSI BPI ( 4)
| F(PSI BPI (1)
| F(PSI BPI (1)
| F(PSI BPI ( 4)
SPAN = PI 32
GO TO 70

| F(PSI BPI ( 4)
SPAN = PI 32
GO TO 70

PSI BPI ( 2)
=2

I F(
I BB =
IFF = 1

- PI) 70,70,41
- PI) 43,70,70
- PIQ2) 47,44, 44
- PI32) 70,70,45

- PI32) 48,48, 49

- PlI') 53,50,50
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SPAN = Pl 32
GO TO 70

| F(PSI BPI (3) - Pl) 54,54, 57
BB = 4

|FF = 3

SPAN = PI 32

GO TO 70

| F(PSI BPI (3) - PI32) 61, 58,58
BB = 3

|FF = 2
SPAN = PI 32

GO TO 70

| F(ABS( PSI BPI (3)-PSI BPI (2)) - ABS(PSIBPI (1) +TWOPI - PSI BPI (4))) 62,
X 62,65

SPAN = TWOPI

GO TO 70

IBB = 3

IFF = 2

SPAN = TWOPI

PSI BPB = PSI BPI (| BB)

PSI BPF = PSI BPI (| FF)

| F(PSI BPF + DELPSI - TWOPl) 71, 700, 700

PSIBPF = 0.0

NPSI B = PSIBPB/ DELPSI +0.5

FNPSI B = FLOAT(NPSI B)

IF (NPSIB) 73,72, 73

PSI BB = FLOAT(NDTAB-1) *DELPSI

| PSI BO = NDTAB

GO TO 74

PSIBB = (FNPSIB - 1.) * DELPSI

| PSI BO = NPSI B

PSIB = PSI BB
| PSI B = | PSI BO
RETURN

END

SUBROUTI NE TORDER( NPT, | BB, | FF, TAB, TB1, TB2, TB3)
ACCI DENT RECONSTRUCTI ON - COVBI NES TRAJECTORY AND COLLI S| ON
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
COVVON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
DI MENSI ON TAB(1), TB1(1), TB2(1), TB3(1)

TAB HAS ANGLE VALUES | N RADI ANS FROM ZERO TO LESS THAN TWOPI
I N NO SPECI AL ORDER.

THI' S SUBROUTI NE ORDERS TAB FOR | NCREASI NG VALUES, AND ARRANGES
THE CORRESPONDI NG VALUES I N TB1, TB2 AND TB3 TO CORRESPOND TO
THE NEW ORDER OF TAB..

THEN THE | NDI CES FOR CLOCKW SE SWEEP | N TAB ARE FOUND

I BB FOR BEG NNI NG | FF FOR FI NI SH.

ALL THE TABLES ARE HANDLED I N PLACE, THAT IS, THE ORDER I S
CHANGED I N THE ORI G NAL STORAGE LOCATI ONS.

| LAST = NPT

ABIG = -1. E20

DO 14 |=1, | LAST

IF(TAB(1) - ABIGQ 14,12, 12

ABI G = TAB(1)
IBIG = |
CONTI NUE

IF(1BIG- |ILAST) 16, 18,18
TABTEM = TAB( | LAST)
TB1TEM = TB1(| LAST)
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TB2TEM = TB2(| LAST)
TB3TEM = TB3(| LAST)

TAB(I LAST) = ABI G
TBL(1LAST) = TB1(1BI Q
TB2(1LAST) = TB2(1BI Q)

TB3(1 LAST) = TB3(1BI Q)
TAB(1BI G = TABTEM

TB1(1BI G = TBLTEM

TB2(1BI G = TB2TEM

TB3(1BI G = TB3TEM

| LAST = ILAST - 1

| F(1 LAST-1) 19, 19, 10

IBB = 1

| FF = NPT

SPAN = P

| F(TAB(NPT) - PI) 70,70, 41

| F(TAB(1) - Pl) 43,70, 70

| F(TAB(1) - PIOR) 47,44, 44

| F((TAB(NPT) - PI32) 70,70, 45
SPAN = PI 32

GO TO 70

| F(TAB(NPT) - Pl 32) 48,48, 49
SPAN = PI 32

GO TO 70

IPI1 =0

IPI2 =0

DO 51 | =1, NPT

| F(TAB(1) - Pl) 51,50, 50
IPI1 =1-1

GO TO 52

CONTI NUE

IF(1PI 1) 70, 70,53

IPI2 =PIl + 1

IE (I Pl2-NPT) 54,70, 70

| F(TAB(I1PI2) - PI32) 59, 58,58
IBB = I PI2

IFF = IPl 1

SPAN = PI 32

GO TO 70

IF(TAB(IPI1) - PIQ2) 60,60, 61
IBB = IPI2

IFF = IPl 1

SPAN = PI 32

GO TO 70

| F(ABS( TAB( | PI 2) - TAB( 1 PI 1)) - ABS( TAB( 1) +TWOPI - TAB( NPT) ) ) 62, 62, 65
SPAN = TWOPI

GO TO 70
IBB = IPI2
IFF = IPI1
SPAN = TWOPI
RETURN

END

SUBRCQUTI NE SETI ND( PS1, PS2, XMX, YMY, PSC1, PSC2, | N1, | N2)
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
SET | NDI CATORS TO OM T THOSE SURFACES THAT ARE W THI N

+ OR - 0.10 RAD OF BEI NG PARALLEL TO THE LI NE CONNECTI NG THE
CENTERS OF GRAVI TY OF THE VEH CLES.
SAMPLE CALL

CALL SETIND(PSI 1, PSI 2, XCMXC1, YCMYC1, PSCCL, PSCC2, | ND1, | ND2)

DATA PI/ 3.141592653/, TWOPI/6.2831853072/
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| F(XMX) 13, 11, 13

| F(YMY) 13,12, 13

PSCL = 0.0

PSC2 = 0.0

GO TO 16

PSCL = ATAN2(- YMY, - XMX)
PSC2 = ATAN2( YMY, XMX)
TEMPL = ABS(PSCl- PS1)

| F(TEMPL - PI) 17,17,162
TEMP1 = ABS( TWOPI - TEMP1)
GO TO 161

| F((TEMP1. LE. 0. 10) .OR (TEMPL.GE.3.04)) GO TO 18
| F( TEMP1. GE. 0. 88 . AND. TEMPL. LE. 2. 62) GO TO 20

INL = 1

GO TO 22

INL = - 1

GO TO 22

INL =0
IN1 =-1 END ONLY, =0 SIDE ONLY,
IN2 =-1 END ONLY, =0 SIDE ONLY,

TEMP1 = ABS(PSC2- PS2)

| F(TEMP1 - PI) 23, 23,222

TEMP1 = TWOPI - TEMP1

G0 TO 221

=1 END AND SI DE
=1 END AND SI DE

| F((TEMPL. LE. 0. 10) .OR (TEMPL.GE. 3.04)) GO TO 30
| F( TEMP1. GE. 0. 88 . AND. TEWPL. LE. 2. 62) GO TO 32

IN2 =1
GO TO 34
IN2 = -1
GO TO 34
IN2 =0
RETURN

END
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SUBROUTI NE CNSTNT
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
COVWON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
COWON | NTG NEQ T, DT, VAR( 12) , DER( 12)
EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),

1 (VAR(4), PSI 1D), (VAR(5), UL), (VAR(6), V1),
2 (VAR(7), XCP2), (VAR(8), YCP2) , (VAR(9), PSI 2),
3 (VAR(10), PSI 2D), (VAR(11), U2), (VAR(12), V2)

EQUI VALENCE ( DER(1), DXCP1), ( DER(2), DYCP1), ( DER(3), DPSI 1),
( DER(4), DPSI 1D), ( DER(5), DUL) , ( DER(6) , DV1),
(DER(7), DXCP2) , ( DER(8) , DYCP2) , ( DER(9) , DPSI 2) ,
( DER( 10) , DPSI 2D), ( DER(11), DU2) , ( DER( 12) , DV2)
COWON | NPT/ TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DWN, FVEHO
, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 200, U20, V20,
A1, B1, TRL, FI Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, FI Z2, F\R, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NCQL, NTBLQL, NTQL,
TBTQ, TETQR, TI NOQ, NTBLQ2, NTQ2, TI | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1,
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PS| FI ( 4, 201),
XBP(2) , YBP(2) , XMJL, XMU2, CMJ
COWON | NPT/ DELPS0, DELROD, ALAVB, ZETAV, AKV(2) , AMJ, €0, CL, C2,
PSLMLO, PSLM20, PSLMBO, PSLM40, PSLMVGO, PSLNVBO, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)
COMMON/ | NTGR/ JCC( 4) , JCOR( 4) , NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,
19,J9(361,2), NPSJIB,|PSIB,I3,1LAST,IL, | NDL,I|ND2, | NDI
, NDJ, | STOP, | TZERL, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB,
| COLLP, | COLL, | Q I ND, I VEH, LL, | CTVDI , | TCOL, | TFLGL,
| TFLG2, N\V\RDB1, NWRDE1, NWRDB2, NVRDE2, | COLAC
IN COMMON / COVP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES
WH CH ARE EQUI VALENCED TO ARRAYS.
COWWON COVP/  DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVMN2, PSI DMA, TPRI NT, DTP,
ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LNG, PSI LMVB, PSI LM,
PSI LMB, EJJ(4, 2), G1J(4, 2), CLOC2, PSCC, PSI R1, PSI R2,
XCMXCL, XCMXC2, YCMYCL, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
XCPI, YCPI , PSI |, XCPJ, YCPJ, PSI J, XCMXC, YOMYC, SPSI J,
CPSI J, XFI, XRl, YSI, XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
XPJ(4), YPI(4), ANGYX, SPAN, PSI BPI (4), PSI BPB, PSI BPF,
FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B,
RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB
COVMON COVP/ PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI ,
PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBVX, RHOBI T, RHOBT,
SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FN1, SPSF,
CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F,
X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNNL,
FNX2, FNY2, FNN2, SFX1, SFY1, SFNL, SFX2, SFY2, SFN2,
SFX1C, SFX2C, SFY1C, SFY2C, SFNLC, SFN2C,
SFX1T, SFX2T, SFYLT, SFY2T, SFNLT, SFN2T, TCOL, TEND,
TREST1, TREST2, TCOLS1, TCOLS2, PLTEM P2TEM ULV1E, U2V2E,
EXTRA( 10)
COVVON COVPT/ W 8) , XWP( 8) , YWP( 8) , FLAGA(8) , PSI W 8) , TQW(8) ,
TFX, TFY, TMOM PSI RR, COEF, COEF1, COEF2, TRD2, TRD21, TRD22,
XBMXB, FNUM A, B, FI Z, FMASS, XC, YC, U, V, PSI C, PSI CD, UD2,
SGNU, SGNI, AOVB, CSPSI C, SNPSI C, TRCPSC, TRSPSC, TRPSCD,
X', XW YW SX, SY, S, XPP, YPP, RHO, RHOP, XMUS, XMJ, PSI , XNUM
XDEN, RATI O, ALFA, F, TI F, FC, FCOS, SMAL, FSMX, FS, BETB, FX, FY
, CSPSI , SNPSI , XCXC, YCYC, SPJ, CPJ, SPI J, CPI J, XFJJ, XR1J,
YSJJ, E3J1, GIJI, XI CORJ, YI CORJ, NTQ TBTQ TETQ Tl NCRQ
NPSF, TBPSF, TEPSF, TI NCRP
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COVMON/ TAB/  TRHOB( 361, 2) , TROBMX( 361, 2) , TPSI B( 361, 2),

1 TCPSI B( 361, 2), TSPSI B( 361, 2), TXB1(100), TYBL( 100),

2 TPSB1(100) , TPRES1( 100)

DI MENSI ON  XCMXCI (2), YOWYCI (2), SPSI | (2), CPSI 1 (2), PSLMD( 8) , PSLM 8)

EQUI VALENCE ( XCMXCI (1), XOMXCL) , ( YCWYCI (1), YOWYCL), (SPSI | (1), SPSI 1)

1 , (CPSI1 (1), CPSI 1), (PSLM)(1), PSLMLO), (PSLM 1), PSI LML)
COVMON VDI CON HAS CONSTANTS USED FOR VEH CLE DAMAGE | NDEX

COMMON/ VDI CON EXTF1( 9), EXTRL( 9), EXTBL( 9), PSP1(12),

2 EXTF2( 9), EXTR2( 9), EXTB2( 9), PSP2(12), NCOL51( 10),

2 NCOL52( 10) , MMM 9)

EQUI VALENCE ( XI NPUT( 1), FMOVI E)

COVVON / MOVI B/ MOVI E, NVBG

DATA ME/ 1HE/

DATA ML/ 1HL/, Me/1H2/, MB/1H3/, M4/ 1H4/, MNb/ 1H5/, MB/ 1H6/

DATA M7/ 1H7/, MB/ 1H8/, MB/ 1HO/

TI ME | NTERVALS AND STOPPI NG TESTS

DTTRAJ = DTTRAO
DICOLL = DTCOLO
DTCOLT = DTCLTO
DTPRNT = DTPRNO

UWM\2 = UVM N * ABS(UVM N)
PSI DMA = PSI DMN * RAD
TERRAI N BOUNDARI ES

INDXB = 1

XBMXB = XBP(2) - XBP(1)

| F(XBWXB) 11, 10, 11

INDXB = 0
XPP = XBP( 1)
GO TO 12
XI = (YBP(2)-YBP(1))/ XBMXB
FNUM =YBP(1) - Xl *XBP(1)
XCP1 = XCP10
YCP1 = YCP10
PSI1 = PSI 10 * RAD
PSI 1D = PSI 1D0 * RAD
UL  =U10
Vvl = V10
PSIRL = PSI RLO* RAD
TRD21 = TR1/2.0
COEF1 = FML*G /(2. 0% (Al+B1))
W1) = Bl* COEF1
W3) = Al* COEF1
W2) = W1)
W4) = W3)
IVEH = 0 FOR ONE VEHI CLE, =1 FOR TWOD VEHI CLES
I VEH = FVEHO + 0.2
IVEH = IVEH - 1
| F(1 VEH) 18, 15, 18
NEQ = 6
| F(CFMOVI E) 16, 17, 16
STOP
CANNOT HAVE COLLI SON DAMAGE IN THI'S PGM W TH ONLY ONE VEHI CLE
RETURN
NEQ = 12
NEQ | NTEGRATES 6 EQUATI ONS FOR ONE VEHI CLE, 12 EQ FOR TWD VEH.
XCP2 = XCP20
YCP2 = YCP20
PSI2 = PSI20 * RAD
PSI 2D = PSI 2D0 * RAD
w2 = U0
V2 = V20



O00000

PSI R2
TRD22
COEF2
W5)
W7)
W 6)
W8)

PSI R20* RAD
TR2/ 2.0
FMR* G / (2. 0% ( A2+B2))
B2* COEF2
A2* COEF2
W(5)
W7)
CORNER | DENTI FI CATI ON
1 FRF
2 LF
3 RR
4 LR
VEHI CLE 1
EJJ(1, 1) XF1
EJJ(2, 1) XF1
EJJ(3, 1) XRL
EJJ(4, 1) XRL
G1J(1,1) YS1
@J(2,1) =-YSL
G1J(3, 1) YS1
GlJ(4,1) =-YS1
VEHI CLE 2
EJJ(1, 2) XF2
EJJ(2, 2) XF2
EJJ(3, 2) XR2
EJJ(4, 2) XR2
G1J(1,2) YS2
Q1J(2,2) =-YS2
G1J(3,2) YS2
GlJ(4,2) =-YS2
XRL AND XR2 ARE | NPUT AS NEGATI VE QUANTI TI ES
DELRCO
DELPSO * RAD
DELPST = 0. 01*DELPSI
DELPS2 = 0.5 * DELPS
NDTAB = TWOPI/DELPSI + 1.01
TABLES | AND J HAVE NDTAB POSSI BLE ENTRI ES
ClOCc2 = 0.5 * Cl/C2
PSI LML = PSLMLO *RAD
PSI LM = PSLM20 * RAD
PSI LM8 = PSLMBO * RAD
PSI LM = PSLMIO * RAD
PSI LM6 = PSLMGO * RAD
PSI LM = PSLMBO *RAD
PSI LM = PSLM7O * RAD
PSI LMB = PSLMBO * RAD

DELRHO
DELPSI

| F(FMOVI E) 27, 28, 27
MME = 1
NVBG = 2
GO TO 29

MOVI E NE 0 WRI TES DAMAGE TABLES ON TAPE AND ON FT02 AT EACH

TIME PO NT
MME = 0
NVBG = NOUT

EXTF1 AND SO ON USED FOR VEH CLE DAMAGE | NDEX

EXTF1(1) .0
EXTF1( 2) . 125
EXTF1( 3) . 250
EXTF1( 4) . 375
EXTF1(5) . 500
EXTF1(6) . 625

XF1
XF1
XF1
XF1
XF1

[T T T I T T
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EXTF1(7) = 0.846 * XF1
EXTF1(8) = 0.946 * XF1
EXTF1(9) = 1.046 * XF1
EXTF2(1) = 0.0

EXTF2(2) = 0.125 * XF2
EXTF2(3) = 0.250 * XF2
EXTF2(4) = 0.375 * XF2
EXTF2(5) = 0.500 * XF2
EXTF2(6) = 0.625 * XF2
EXTF2(7) = 0.846 * XF2
EXTF2(8) = 0.946 * XF2
EXTF2(9) = 1.046 * XF2
EXTRL(1) = 0.0

EXTRL(2) = 0.165 * YS1
EXTRL(3) = 0.253 * YS1
EXTRL(4) = 0.502 * YS1
EXTRL(5) = 0.751 * YS1
EXTRL(6) = 1.000 * YS1
EXTRL(7) = 1.249 * YS1
EXTRL(8) = 1.498 * YS1
EXTRL(9) = 1.747 * YS1
EXTR2(1) = 0.0

EXTR2(2) = 0.165 *YS2
EXTR2(3) = 0.253 *YS2
EXTR2(4) = 0.502 *YS2
EXTR2(5) = 0.751 *YS2
EXTR2(6) = 1.000 *YS2
EXTR2(7) = 1.249 *YS2
EXTR2(8) = 1.498 *YS2
EXTR2(9) = 1.747 *YS2
EXTB1(1) = 0.0

EXTB1(2) = -0.084 * XRL
EXTB1(3) = -0.168 * XRL
EXTBL1(4) = -0.252 * XRL
EXTBL(5) = -0.336 * XRL
EXTBL(6) = -0.421 * XRL
EXTBL1(7) = -0.588 * XRL
EXTB1(8) = -0.769 * XRL
EXTB1(9) = -0.950 * XRL
EXTB2(1) = 0.0

EXTB2(2) = -0.084 * XR2
EXTB2(3) = -0.168 * XR2
EXTB2(4) = -0.252 * XR2
EXTB2(5) = -0.336 * XR2
EXTB2(6) = -0.421 * XR2
EXTB2(7) = -0.588 * XR2
EXTB2(8) = -0.769 * XR2
EXTB2(9) = -0.950 * XR2

ANGLES FOR COMPARI SI ONS | N VEHI CLE DAMAGE | NDEX (VD)
PSP1(1) = ATAN2( 0. 500* YS1, XF1)
PSP1(2) = ATAN2( YS1, XF1)
PSP1(3) = ATAN2(2. 702* YS1, XF1)
PSP1(4) = ATAN2(1. 754*YS1, XR1)
PSP1(5) = ATAN2( YS1, XR1)
PSP1(6) = ATAN2( 0. 500* YS1, XRL)
PSP1(1) THRU PSP1(3) ARE IN FI RST QUADRANT
PSP1(4) THRU PSP1(6) ARE | N SECOND QUADRANT
PSP1(7) THRU PSP1(9) ARE IN THI RD QUADRANT , USES -YS1
PSP1(10) THRU PSP1(12) ARE | N FOURTH QUADRANT, USES - YS1
XR1L AND XR2 ARE | NPUT AS NEGATI VE QUANTI TI ES
PSP1(12)= TWOPI - PSP1(1)
PSP1(11)= TWOPI - PSP1(2)
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PSP1(10)= TWOPI - PSP1(3)

PSP1(9) = TWOPI - PSP1(4)
PSP1(8) = TWOPl - PSP1(5)
PSP1(7) = TWOPl - PSP1(6)

PSP2( 1) = ATAN2( 0. 500* YS2, XF2)
PSP2(2) = ATAN2( YS2, XF2)
PSP2(3) = ATAN2(2.702*YS2, XF2)
PSP2( 4) = ATAN2( 1. 754* YS2, XR2)
PSP2(5) = ATAN2( YS2, XR2)
PSP2(6) = ATAN2( 0. 500* YS2, XR2)
PSP2(12) =TWOPl - PSP2(1)
PSP2(11) =TWOPl - PSP2(2)
PSP2(10) =TWOPl - PSP2(3)
PSP2(9) =TWOPl - PSP2(4)
PSP2(8) =TWOPl - PSP2(5)
PSP2(7) =TWOPI - PSP2(6)

VERTI CAL DAMAGE LOCATI ON NOT APPLI CABLE (NCOL51 AND NCOL52)
DO 40 =1, 10
NCOL51(1) =ME
NCOL52(1) =ME
MM 1) =
MM 2)
MW 3)
MW 4)
MW 5)
MW 6)
MW7)
MM 8)
MW 9)
RETURN
END

SEEEEE LY
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SUBROUTI NE RNGDAM TRHO, TPSI , TCPSI , TSPSI , JJ9, ROU, PSBOU, XOU, YOU, ASTR
1 , PSP, PSDAL, PSDA2, PSI M | NPSM | KDL, | KD2, NARRP, NUM | KK, | RNG, | \RAP,
2 1 J, 1 STOP, NDTAB, DELPS, XF, XR, YS, NVBGL, | PRTX)

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC

DI MENSI ON  TRHQO( 1), TPSI (1), TCPSI (1), TSPSI (1), JJ9( 1)

ABOVE ARE CALLED FROM PROPER BEG NNI NG | N DOUBLE- DI MENSI ON
ARRAYS, SUCH AS TRHOB(1,1) OR TRHOB(1,2) FOR TRHOB(361, 2)

DI MENSI ON  ROU( 1), PSBOU( 1) , XOU( 1), YO 1), ASTR(1), PSI M 1), | NPSM 1)

DI MENSI ON PSP(1), PSDAL( 1), PSDA2( 1)

DI MENSI ON | KD1( 1), | KD2( 1), NARRP( 1)

DATA TWOPI/ 6. 2831853072/, Pl 04/ 0. 7853981634/ , Pl 06/ 0. 5235987756/

DATA Pl O12/ 0. 2617993878/

DATA STAR, BLNK/ 1H¢, 1H /

SAMPLE CALL

CALL RNGDAM TRHOB(1, 1), TPSI B(1, 1), TCPSI B(1, 1),
1 TSPSI B( 1, 1), J9( 1, 1), RLOU, PSB10U, X10U, Y10U, ASTR1, PSP1, PSD11,
2 PSD21, PSI ML, | NPSML, | KD11, | KD21, NARRPL, NUML, | K1, | RNGL, | WRAP1,
3 1 J, 1 STOP, NDTAB, DELPSI , XF1, XR1, YS1, NMSG, | PRTX)

SUBROUTI NE RNGDAM SAVES THE DAMAGE LOCATI ONS, DETERM NES THE

RANGE OF DAMAGE AND M DPOI NT OF RANGE (UP TO TEN RANGES)

AND MATCHES THE M DPO NT W TH A DAMAGE | NDEX ' N FROM NARRP
NVSGL DATA SET FOR DAMACGE TABLES (FT02) SET I N SUB CNSTNT,
RESET I N MAIN PROG AT END OF RUN TO USE FT06
| PRTX EQ 2 AT END OF RUN
RNGDAM | S CALLED WTH I PRTX EQ 1 WHEN MOVIE NE O
TO PREPARE DAMAGE TABLES FOR WRI TI NG ON TAPE AT EACH TI ME PO NT

DO 5 K=1, NDTAB

ASTR(K) = BLNK

ROJK) = 0.0

PSBOU(K) =0.0

XOUK) ~ =0.0

YOUK)  =0.0

KK = 0

| K=0

| W\RAP = 0

IRNG = 0

| SAVE= 0
1J =1 OR 2, VEH CLE | DENTI FI CATI ON
KK 1S THE NUVBER OF DAMAGE POl NTS | N ARRAYS ROU, PSBOU, XQU,
YOU, AND ASTR
ARRAY | KDL SAVES THE | NDEX OF DAMAGE POl NTS WHI CH BEG N
RANGES OF DAMAGE. NUMVBER OF ENTRIES |'S | RNG
ARRAY | KD2 SAVES THE | NDEX OF DAMAGE POl NTS WHI CH END
THESE RANGES OF DAMAGE , NUMBER OF ENTRIES IS | RNG
| W\RAP | NDI CATE THAT ONE RANGE PASSES THROUGH FROM 4TH TO 1ST

QUADRANT.

| SAVE |'S SI GNAL THAT A POSSI BLE RANGE HAS BEGUN.
FOR VEH CLE DAMAGE | NDEX COL 6 AND 7 USE ORI Gl NAL ENDPOI NTS.
FOR VEH CLE DAMAGE | NDEX COL 3 AND 4 USE ADJUSTED ENDPOI NTS.
SUBROUTI NE ADJEND COMPUTES ADJUSTED ENDPO NTS

DO 22 K= 1, NDTAB

RHTEST = TRHO(K)

| F(RHTEST) 15, 10, 10

IK=1K+ 1

| F(1 SAVE) 12,11, 12

| SAVE = 1

IRNG = | RNG + 1

| KDL(I RNG) = 1K



12 ROU(1K) = RHTEST

PSBOU(1 K) = TPSI (K)
XOU(IK)y = RHTEST * TCPSI (K)
YOU(1K) = RHTEST * TSPSI (K)

I F(JJ9(K)) 13, 22,22
13 ASTR(I1K) = STAR
GO TO 22
15 | F(1 SAVE) 16, 22, 16
16 1 SAVE = 0
| KD2(I RNG) = 1K
22 CONTI NUE
KK = 1K
| F(1 KD2(1 RNG)) 24, 23, 24
23 IKD2(1RNG) = | KK
24 | F(PSBOY(1 KD1(1)) ) 30,25, 30
25 TTTPSE =PSBOU( | KD2(1 RNG) )
TTT = TWOPl - TTTPSE
| F(ABS( TTT- DELPS) - 0. 25* DELPS) 26, 26, 30

26 1KDL (1) = |KDL(IRNG)
IKD2 (IRNG = | KD2(1)
| WRAP = 1

IRNG = IRNG - 1
I F(1 RNG - 1) 27, 30, 30
27 IRNG = 1

0o

TEMPORARY PRI NT
30 WRI TE( NVBGL, 628)
628 FORMAT(42H0 FOLLOW NG MESSAGE FROM SUBROUTI NE RNGDAM)
WRI TE(NVBGL , 629) 1J,1J,1J, 1 RNG, | WRAP, (1, I KDL(1), 1KD2(1),1=1, | RNG)

629 FORMAT(9H VEH. NO, 12, 7X, 2H |, 11X, 4H KDL, 1 1, 3H(1), 5X, 4H KD2
1 ,11,3H(1), 6H I RNG=, 1 3, 5X, 7TH | WRAP=, | 3/ (16X, 1 4, 12X, | 4, 9X, 1 4))
| F(1 PRTX . LT. 2) RETURN
Ji=1
CALL ADJEND( PSBOU, XOU, YOU, ASTR PSP, PSDAl, XF, XR, YS, |KDL,

1 I RNG, JJ, 1J)

JJ=2

CALL ADJEND(PSBOU, XOU, YOU, ASTR PSP, PSDA2, XF, XR, YS, |KD2,
1 I RNG, JJ, 1J)

IB =1

| F(1 WRAP) 31, 35, 31
31 | F(PSDAL(1) - PIOs) 310, 310, 311
310 WRI TE(6, 6310) PSBOU(| KD1(1)), PSDAL(1), | RNG
6310 FORVAT(66H0 | N SUBROUTI NE RNGDAM WRAP- AROUND, ORI Gi NAL BEG PT OF FI
1RST RANGE=, E13.5, 12H, ADJ. PT = E13.5/16H NO WRAP, | RNG=, | 3,
3 16H LOSES ONE RANGE)
GO TO 35

C 31 PSIM1) = 0.5*((PSBOU(I KDL(1))- TWOPI) + PSBOU(IKD2(1)))
311 PSIM 1) = 0.5%((PSDAL(1) - TWOPI) + PSDA2(1))
| F(PSIM 1) -PlOL2) 32,32, 33
32 PSIM1) = PSIM1) + TWOPI
33 IF (IRNG 1) 45,45, 34

34 | B=2
35 DO 40 | = I B, | RNG
40 PSIM1) = 0.5*( PSDAL(1) + PSDA2(1))

NUM=O FROM SUBROUTI NE SAVMAX WHEN NO ACCEL .GE. 1.0 G
THEN NARRP AND | NPSM NOT EVALUATED
45 | F(NUM) 46, 66, 46
46 DO 65 J= 1, | RNG
CRIT =0.0
PSI M = PSI M J)
c Pl O12 RAD = 15 DEG

00
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48

54
55

60

62

662

64

65
66
67
68

11
12
13
14

15

CRIT =CRIT + PlO12

| MATCH = 0

DO 60 |= 1, NUM

PSTRY = Pl 06* FLOAT( NARRP( 1))
TEST = PSIMI - PSTRY

| F( ABS(TEST) - CRIT) 55,55, 60

| MATCH = |

GO TO 64

CONTI NUE

IF(CRIT - Pl O4) 48, 48, 62

I F(CRI T - (Pl O4-0.0001)) 48, 48, 62

| STOP = 30

VRl TE( 6, 628)

WRI TE( 6, 662) | STOP, I J, NUM J, PSI MT, | RNG, PSTRY, TEST, CRI T,
1 (NARRP(I11),111=1, NUM

FORMAT(8HO | STOP=, 13, 26H NO MATCH FOR VEHI CLE NO , | 2,

1 10H FROM NUMF, | 3, 16H VALUES | N NARRP/
2 10H AT PSIM,13,2H =, E13.5,11H FROM | RNG=, | 3, 21H RANGES, NARRP
3*PI G6=, E13. 5, 7H, TEST=,E13.5, 7H CRIT= E13.5 /
454H USE FI RST VALUE OF NARRP(TESTED AS NARRP* Pl 0O6) , NARRP=, 10l 4)
| MATCH = 1

I NPSM(J) = | MATCH
ARRAY | NPSM STORES | NDEX OF MATCH FROM NARRP ARRAY
AND |'S | TSELF | NDEXED TO CORRESPOND TO PSI M ARRAY
CONTI NUE
I F(PSIM 1) - TWOPI) 68,67, 67
PSIM1) = PSIM1) - TWOPI
RETURN
END
SUBROUTI NE ADJEND( PSBOU, XOU, YOU, ASTR, PSP, PSDD, XF, XR, YS, | KD, | RNG,
1 JJ3,13)

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
FOR VEH CLE DAMAGE | NDEX, COLUWNS 3 AND 4
JJ=1 FOR BEG NNI NG OF RANGE, JJ=2 FOR LAST PO NT OF RANGE
1J= 1 OR 2, VEH CLE | DENTI FI CATI ON
CALL ADJEND FROM SUBROUTI NE RNGDAM TW CE, ONCE FOR BEG NNI NG
AND ONCE FOR LAST POl NTS.
SUBROUTI NE RNGDAM | S | TSELF CALLED TW CE, ONCE PER VEHI CLE.
SAMPLE CALL FOR BEG NNI NG OF ALL DAMAGE RANGES FOR VEHI CLE 1
JJ=1
CALL ADJEND(PSBOU, XOU, YOU, ASTR, PSP, PSDAL, XF, XR YS, KDL,
1 I RNG, JJ, 1J)
SAVPLE CALL FOR LAST PO NT OF ALL DAMAGE RANGES FOR VEHI CLE 1
JJ=2
CALL ADJEND(PSBOU, XQU, YOU, ASTR PSP, PSDA2, XF, XR YS, |KD2,
1 | RNG, JJ, 1)
DI MENSI ON PSBOU( 1) , XOU( 1) , YOU( 1) , ASTR( 1), PSP( 1), PSDD( 1), | KD( 1)
DATA TWOPI / 6. 2831853072/
DATA RAD/ 0. 0174532925/
DATA NBEG 4H BEG/, NLAST/ 4HLAST/
DATA STAR/ 1H*/
DO 30 | = 1,1RNG
I = IKD(1)
PSD = PSBOU(I I )
IF( ASTR(11) - STAR) 11,12, 11
PSDD(1) = PSD
GO TO 30
| F(PSD - PSP(2)) 14, 14,13
| F(PSD - PSP(11)) 15, 14, 14
PSDTEM = ATAN2(YOU(I1), XF)
GO TO 25
| F(PSD - PSP(5)) 18,16, 16
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| F(PSD - PSP(8)) 17, 17,19
PSDTEM = ATAN2(YOU(I 1), XR)
GO TO 25
YSSIDE = VYS
GO TO 20
YSSIDE = - YS
PSDTEM = ATAN2( YSSI DE, XOU(11))
| F(PSDTEM) 26, 27, 27
PSDTEM = TWOPI + PSDTEM
PSDD(|) = PSDTEM
CONTI NUE
I F(JJ-1) 35, 35,36
NWORD = NBEG
GO TO 37
NWORD = NLAST
VR TE( 6, 6038) |J, NWORD, | RNG
FORMAT(32H0 MESSAGE FROM SUBROUTI NE ADJEND / 2X, 8H VEH. NO., | 2, 2X,
1 A4, 11H PONTS FOR, 13, 7H RANGES / 8X, 1HI, 4X, 10H ORI G( DEG), 4X,
2 14H ADJUSTED( DEG) )
DO 40 | =1, | RNG
PSDP = PSBOU(IKD(1)) / RAD
PSDPA = PSDD(1) /RAD
VR TE( 6, 6040) |, PSDP, PSDPA
FORMAT( 6X, | 3, 1X, E13. 5, 3X, E13. 5)
CONTI NUE
RETURN
END
SUBROUTI NE DAMAGE( PSI M | RNG , PSP, PSBOU, XOU, YOU, ASTR, | KDL, | KD2, | KK
1 EXTF, EXTR, EXTB, XF, XR, YS, NCOL3, NCOL4, NCOL6, NCOL7,
2 MWM | STOP, PSDAL, PSDA2, ARRPSI , | NPSM | J)
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
DI MENSI ON PSI M 1), PSP( 1), PSBOU( 1), XOU( 1), YOU( 1) , ASTR(1), | KDL( 1)
DI MENSI ON | KD2( 1), EXTF( 1), EXTR(1), EXTB( 1), NCOL3( 1), NCOL4( 1)
DI MENSI ON NCOL6( 1), NCOL7(1), MWM 1), PSDAL( 1), PSDA2( 1)
DI MENSI ON ARRPSI (1), | NPSM 1)
ARRAY NCOL5 |'S OM TTED FROM ARG, LIST.  ZERCED I N SUBR CNSTNT
1J 1'S VEH CLE | DENTI FI CATI ON NUVBER, FOR PRI NTI NG

SAMPLE CALL
1J =1
CALL DAMAGE( PSI ML, I RNGL, PSP1, PSB10U, X1QU, Y10OU, ASTR1,
1 | KD11, | KD21, | K1, EXTF1, EXTR1, EXTB1, XF1, XR1, YS1, NCCOL31,
2 NCOL41, NCOL61, NCOL71, MW | STOP, PSD11, PSD21, ARRPS1, | NPSML, | J)

DATA M/ 1HF/ , MY/ 1HR/, MB/ 1HB/ , M/ 1HL/

DATA WY/ 1HY/ , MD/ 1HD/, MJ 1HC/, Mz/1Hz/, WP/ 1HP/, WNMS/ 1HS/, ME/ 1HE/
DATA MV 1HN , MV 1HW

DATA TWOPI/6.2831853072/

DATA PI /3. 1415926536/

DO 505 I= 1,1 RNG

| NDAPS = 0
YMNFUL = 0.0
YMXFUL = 0.0
XMNFUL = 0.0
XMXFUL = 0.0
| B=I KDL(1)

IL = IKD2(1)

IF(1B -1L) 230,505, 232
DO NOT COVPUTE COLS 3,4, 6,7, FOR RANGES WHI CH CONSI ST OF A
SI NGLE PO NT. I B=IL



230 I1BB = IB
ILB = IL
IBE = 0
ILE = 0
GO TO 233
232 1BB = 1
ILB = IL
IBE = IB
ILE = I KK
233 PSIMI = PSIM1)
PSDL = PSDAL(!)

PSD2 = PSDA2(1)

| F(PSD1) 241, 243, 240
240 | F(PSD1- TWOPI ) 243, 243, 241
241 | STOP = 41

GO TO 250
243 | F(PSD2) 245, 247, 244
244 | F( PSD2- TWOPI ) 247, 247, 245
245 | STOP = 42

GO TO 250
247 | F(PSI M) 249, 310, 248
248 | F(PSI M- TWOPI ) 251, 310, 249
249 | STOP= 43

250 WRI TE(6, 6250) | STOP, |, PSD1l, PSD2 , PSI MI
6250 FORMAT(8HO | STOP=,13,5X,3H I =13, 5X 6H PSD1=, E13. 5, 5X, 6H PSD2=
1 E13. 5, 5X, 7H PSI M=, E13. 5)
GO TO 505

251 | F(PSDL - PSP(2)) 253,253, 252
252 | F(PSDL - PSP(11)) 257, 253, 253
253 | F(PSD2 - PSP(2)) 255, 255, 254
254 | F(PSD2 - PSP(11)) 266, 255, 255
255 | CORTB = 0

GO TO 310
257 | F(PSDL - PSP(5)) 258, 260, 260
258 | F(PSD2 - PSP(2)) 266, 266, 2581
2581 | F(PSD2 - PSP(5)) 259, 266, 266
259 1 CORTB = 0

GO TO 320
260 | F(PSDL - PSP(8)) 261,261, 263
261 | F(PSD2 - PSP(5)) 266, 2611, 2611
2611 | F(PSD2 - PSP(8)) 262, 262, 266
262 1 CORTB = 0

GO TO 330
263 | F(PSD2 - PSP(8)) 266,266, 264
264 | F(PSD2 - PSP(11)) 265, 266, 266
265 | CORTB = 0

GO TO 340
266 | CORTB = 1

PSTRY = ARRPSI (INPSM 1)) + PI
2661 | F(PSTRY) 2662, 2665, 2663
2662 PSTRY = PSTRY + TWOPI

GO TO 2661

2663 | F( PSTRY- TWOPI ) 2665, 2665, 2664
2664 PSTRY = PSTRY - TWOPI

@O TO 2663
2665 PSCRIT = PSIMI - PSTRY
2670 |F(PSCRIT + PI') 2671, 2671, 2672
2671 PFLIP = TWOPI

GO TO 2674
2672 | F(PSCRIT - PlI) 2675, 2673, 2673
2673 PFLIP = - TWOPI



2674

2675
2680
2681

2682
2683
2684

2685
2695
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
2710
2711

2712
2713
2714
2715
272
273
274

275
276

277

278
279

2791

2792

2793

2794

PSCRIT = PSCRIT + PFLIP
GO TO 2670
PSTEST=PSD2 - PSI MT
| F(PSTEST + Pl) 2681, 2681, 2682
PFLIP = TWOPI
GO TO 2684
| F(PSTEST - Pl) 2685, 2683, 2683
PFLIP = - TWOPI
PSTEST = PSTEST + PFLIP
GO TO 2680
| F(ABS(PSCRI T) - ABS(PSTEST)) 2695, 272, 272
| F(ABS(PSCRI T) - 0.242) 272,272,2700
| F(PSTRY - PSP(2)) 2704, 2704, 2701
| F(PSTRY - PSP(11)) 2702, 2704, 2704
| F(PSTRY - PSP( 5)) 2706, 2703, 2703
| F(PSTRY - PSP( 8)) 2708, 2708, 2710
IF( PSIMI - PSP( 2)) 310, 310, 2705
IF( PSIMI - PSP(11)) 2712, 310, 310
IF( PSIMI - PSP( 2)) 2713, 2713, 2707
IF( PSIMI - PSP( 5)) 320,2713,2713
IF( PSIMI - PSP( 5)) 2714, 2709, 2709
IF( PSIMI - PSP( 8)) 330, 330,2714
IF( PSIMI - PSP(11)) 2711, 2715, 2715
IF( PSIMI - PSP( 8)) 2715, 2715, 340
SET | NDAPS
| NDAPS = SIGN(1. 1, PSCRI T)
GO TO 310
I NDAPS = SIGN(1.1, PSCRIT)
GO TO 320
I NDAPS = SIGN(1.1, PSCRIT)
GO TO 330
I NDAPS = SI GN(1. 1, PSCRI T)
GO TO 340
| F(PSIMI - PSP( 2)) 276,276, 273
| F(PSIMI - PSP(11)) 274,277,277
| F(PSIMI - PSP( 5)) 320,275, 275
| F(PSIMI - PSP( 8)) 278,278, 340
MKW = -1
CALL FULSRC( YOU, YMNFUL, | BB, ILB, | BE, I LE, MXWN)
CALL FULSRC( XOU, XMNFUL, | BB, | LB, | BE, I LE, MXMN)
IF((YS- YMNFUL) - (XF-XMNFUL)) 2792, 310, 310
MKW = + 1
CALL FULSRC( YQU, YMXFUL, | BB, ILB, | BE, I LE, MXMN)
MKW = - 1
CALL FULSRC( XOU, XMNFUL, | BB, | LB, | BE, | LE, MXWN)
| F((YS*YMXFUL) - (XF- XMNFUL)) 2793, 310, 310
| F(PSIMI - Pl) 279,330, 2791
MKW = - 1
CALL FULSRC( YQU, YMNFUL, | BB, I LB, | BE, I LE, MXMN)
MKW = + 1
CALL FULSRC( XOU, XMXFUL, | BB, I LB, | BE, | LE, MXWN)
I F((YS- YMNFUL) - (XMXFUL-XR)) 2794, 330, 330
MKW = + 1
CALL FULSRC( YQU, YMXFUL, | BB, I LB, I BE, I LE, MXMN)
CALL FULSRC( XQU, XMXFUL, | BB, |LB, | BE, I LE, MXMN)
| F((YS+YMXFUL) - (XMXFUL-XR)) 2795, 330, 330
| NDAPS= -1
GO TO 320
| NDAPS= +1
GO TO 340
| NDAPS= +1
GO TO 320



2795 | NDAPS= -1
GO TO 340
C
310 NCOL3(1) = MF
WRI TE(6, 6310) 1J,1,1RNG | BB, | LB, | BE, | LE, PSD1, PSD2, PSI M 1), PSI MT
1 NCOL3(1), | CORTB, | NDAPS
6310 FORVAT(32H0 MESSAGE FROM SUBROUTI NE DAMAGE/
2X, THVEH. NO., 1 2, 5X, 9H RANGE | =, 12, 3H OF, | 3, 7H RANGES,
12X, 4HI BB=, | 4, 6H, |LB=, 14, 2X, 5H | BE=, | 4, 6H, |LE=, |4/
2X, 5HPSD1=, E13. 5, 7H, PSD2=, E13. 5, 10H, PSIM )=, E13. 5,
13H, USED PSI MT=, E13. 5, 5X, 10H NCOL3(1) =, Al , 2X, 9H, | CORTB=, |2/
2X, 8H | NDAPS=, | 2)
| F(1 NDAPS) 311, 3100, 350
3100 I F(PSDL - PSP(1)) 312,3101, 3101
3101 | F(PSDL - PSP(12))3102, 312, 312
3102 IF(PSDL - PSP( 9))3103, 311, 311
3103 NCOL4(1) = MR
| F(1 CORTB) 412, 421, 412
311 I F(PSD2 - PSP(1)) 3112, 3110, 3110
3110 | F(PSD2 - PSP(12))3114, 3114, 3112
3112 NOOL4(1) = WY
| F(1 CORTB) 411, 421, 411
3114 | F(PSD2 - PSP(11))3117, 3117, 3115
3115 NCOL4(1) = M.
| F(1 CORTB) 414, 421, 414
3117 | F(PSD2 - PSP(4)) 3118, 3118, 3119
3118 NCOL4(1) = MD
| F(1 CORTB) 411, 421, 411
3119 | STOP = 44
GO TO 250
312 1 F(PSD2 - PSP(1)) 31223122, 3120
3120 | F(PSD2 - PSP(12)) 3124, 3124, 3122
3122 NCOL4(1) = MC
| F(1 CORTB) 411, 421, 411
3124 | F(PSD2 - PSP(4)) 3125, 3125, 3126
3125 NCOL4(1) = MZ
| F(1 CORTB) 411, 421, 411
3126 | STOP = 45
GO TO 250
320 NCOL3(1) = MR
WRI TE(6, 6310) 1J,1,1RNG | BB, | LB, | BE, | LE, PSD1, PSD2, PSI M 1), PSI MT
1 NCOL3(1), | CORTB, | NDAPS
| F(1 NDAPS) 321, 3200, 360
3200 | F(PSDL - TWOPl) 3202, 3201, 3201
3201 | STOP = 46
GO TO 250
3202 | F(PSDL - PSP(10)) 3203, 321, 321
3203 I F(PSDL - PSP(3)) 321 , 3204, 3204
3204 | F(PSDL - PSP(4)) 322 , 3205, 3205
3205 NCOL4(1) = MB
| F(1 CORTB) 413, 422, 413
321 | F(PSD2 - PSP(2)) 3210, 3210, 3212
3210 | STOP = 47
GO TO 250
3212 | F(PSD2 - PSP(3)) 3213, 3213, 3215
3213 NCOL4(1) = MF
| F(1 CORTB) 411, 422, 411
3215 | F(PSD2 - PSP(4)) 3216, 3216, 3217
3216 NOOL4(1) = MY
| F(1 CORTB) 412, 422, 412
3217 NCOL4(1) = MD
| F(1 CORTB) 412, 422, 412

gabhwiNPE



322 | F(PSD2 - PSP(3)) 3220, 3220, 3221
3220 | STOP = 49
GO TO 250
3221 | F(PSD2 - PSP(4)) 3222, 3222, 3223
3222 NCOL4(1) = MP
| F(1 CORTB) 412, 422, 412
3223 NOOL4(1) = MZ
| F(1 CORTB) 412, 422, 412
330 NCOL3(1) = MB
WRI TE(6, 6310) 1J,1,1RNG | BB, | LB, | BE, | LE, PSD1, PSD2, PSI M(1), PSI MT
1 NCOL3(1), | CORTB, | NDAPS
| F(1 NDAPS) 331, 3300, 370
3300 | F(PSD1 - PSP(3)) 3301, 3302, 3302
3301 | STOP = 51
GO TO 250
3302 | F(PSDL - PSP(6)) 331 , 3303, 3303
3303 I F(PSDL - PSP(7)) 332, 3304, 3304
3304 NCOL4(1) = M.
| F(1 CORTB) 414, 423, 414
331 | F(PSD2 - PSP(5)) 3310, 3310, 3311
3310 | STOP = 52
GO TO 250
3311 | F(PSD2 - PSP(6)) 3312, 3312, 3313
3312 NCOL4(1) = MR
| F(1 CORTB) 412, 423, 412
3313 | F(PSD2 - PSP(7)) 3314, 3314, 3315
3314 NCOL4(1) = MZ
| F(1 CORTB) 413, 423, 413
3315 NCOL4(1) = MD
| F(1 CORTB) 413, 423, 413
332 | F(PSD2 - PSP(6)) 3320, 3320, 3321
3320 | STOP = 54
GO TO 250
3321 | F(PSD2 - PSP(7)) 3322, 3322, 3323
3322 NCOL4(1) = MC
| F(1 CORTB) 413, 423, 413
3323 NOOL4(1) = WY
| F(1 CORTB) 413, 423, 413
340 NCOL3(1) = M
WRI TE(6, 6310) 1J,1,1RNG | BB, | LB, | BE, | LE, PSD1, PSD2, PSI M(1), PSI MT
1 NCOL3(1), | CORTB, | NDAPS
| F(1 NDAPS) 341, 3400, 380
3400 | F(PSDL - PSP(4)) 3401, 3402, 3402
3401 | STOP = 56
GO TO 250
3402 | F(PSDL - PSP(9)) 341, 3403, 3403
3403 | F(PSDL - PSP(10)) 342, 3404, 3404
3404 NCOL4(1) = MF
| F(1 CORTB) 411, 424, 411
341 | F(PSD2 - PSP(3)) 3410, 3411, 3411
3410 NCOL4(1) = MD
| F(1 CORTB) 414, 424, 414
3411 | F(PSD2 - PSP(8)) 3412, 3412, 3413
3412 | STOP = 57
GO TO 250
3413 | F(PSD2 - PSP(9)) 3414, 3414, 3415
3414 NCOL4(1) = MB
| F(1 CORTB) 413, 424, 413
3415 | F(PSD2 - PSP(10)) 3416, 3416, 3417
3416 NOOL4(1) = MZ
| F(1 CORTB) 414, 424, 414
3417 NCOL4(1) = MD



| F(1 CORTB) 414, 424, 414
342 | F(PSD2 - PSP(3)) 3420, 3421, 3421

3420 NCOL4(1) = MY

| F(1 CORTB) 414, 424, 414
3421 | F(PSD2 - PSP(9)) 3422, 3422, 3423
3422 | STOP = 59

GO TO 250
3423 | F(PSD2 - PSP(10)) 3424, 3424, 3425
3424 NCOL4(1) = MP

| F(1 CORTB) 414, 424, 414
3425 NCOL4(1) = MY

| F(1 CORTB) 414, 424, 414

350 | F(PSDL - PSP(1)) 352,351, 351
351 | F(PSDL - PSP(12)) 353, 352, 352
352 NCOL4(1) = MZ

GO TO 421
353 | F(PSDL - PSP(11)) 355, 354, 354
354 NCOL4(1) = MD

GO TO 421
355 NCOL4(1) = MR

GO TO 412

360 | F(PSDL - PSP(3)) 362,361, 361
361 | F(PSDL - PSP(4)) 363,364, 364
362 NCOL4(1) = MD

GO TO 422
363 NCOL4(1) = MZ

GO TO 422
364 NCOL4(1) = MB

GO TO 413

370 | F(PSDL - PSP(6)) 372,371,371
371 | F(PSDL - PSP(7)) 373,374,374
372 NCOL4(1) = MD

GO TO 423
373 NOOL4(1) = WY

GO TO 423
374 NCOL4(1) = M

GO TO 414

380 | F(PSDL - PSP(9)) 382,381, 381
381 | F(PSDL - PSP(10)) 383,384, 384
382 NCOL4(1) = MD

GO TO 424
383 NCOL4(1) = MY

GO TO 424
384 NCOL4(1) = MF

GO TO 411

00

411 1 F(NCOL4(1) - MF) 420, 4110, 420
4110 NCOLF = 1
MKW = -1
CALL CORSRC ( PSBOU, XQU, PSP(2), PSP(11), XMN, | BB, I LB, | BE, | LE,
1 NCOLF, MXMN)
DIS = XF - XMN
GO TO 415
412 1 F(NCOL4(1) - MR) 420, 4120, 420
4120 NCOLF = 0
MKW = -1
CALL CORSRC ( PSBOU, YOU, PSP(2), PSP(  5), YM\, | BB, | LB, | BE, I LE,



1 NCOLF, MXWN)

DIS = YS - YMN

GO TO 415
413 1 F(NCOL4(1) - MB) 420, 4130, 420
4130 NCOLF = 0

MXW = 1
CALL CORSRC ( PSBOU, XOU, PSP(5), PSP(  8), XMX, | BB, | LB, | BE, I LE,
1 NCOLF, MXMN)

DIS = XM - XR

GO TO 415

414 1 F(NCOL4(1) - M.) 420, 4140, 420
4140 NCOLF = 0
MKW = 1
CALL CORSRC ( PSBOU, YOU, PSP(8), PSP(11), YMX, | BB, | LB, | BE, I LE,
1 NCOLF, MXMN)
DIS = YS + YMX
415 | F(DI'S) 4150, 4152, 4152
4150 1 STOP = 61
4151 WRI TE(6, 6415) | STOP, DI S
6415 FORMAT(8HO | STOP=, |3, 5X, 5H DI S=, E13. 5, 5X, 14H SHOULD BE PCS )
GO TO 505
4152 | F(DI'S -4.5) 4153, 4153, 4154
4153 NCOL6(1) = M
GO TO 500
4154 | F(DI'S - 16.5) 4155, 4155, 4156
4155 NCOL6(1) = ME
GO TO 500
4156 NCOL6(1) = MW
GO TO 500

420 NCOL = NCOL3(I)
| F(NCOL - MF) 4201, 421, 4201
4201 | F(NCOL - MR) 4202, 422, 4202
4202 | F(NCOL - MB) 4203, 423, 4203
4203 | F(NCOL - M.) 4204, 424, 4204
4204 | STOP = 67
WRI TE( 6, 6506) | STOP, |, NCOL
GO TO 505
421 DIS = YOU(IL) - YOUIB)
GO TO 425
422 DI'S = XOU(|B)
GO TO 425
423 DI'S = YOU(I B)
GO TO 425
424 DIS = XOUIL) - XOUIB)
425 |F (DI'S) 4250, 4252, 4252
4250 | STOP = 62
GO TO 4151
4252 |F(DI'S - 16.0) 4253, 4253, 4254
4253 NCOL6(1) = MN
GO TO 500
4254 NCOL6(1) = MW

XOU( I L)

YOU( I L)

00

500 NCOL = NCOL3(1)
| F(NCOL - MF) 5002, 5010, 5002
5002 | F(NCOL - MR) 5003, 5020, 5003
5003 | F(NCOL - MB) 5004, 5030, 5004
5004 | F(NCOL - M.) 5005, 5040, 5005
5005 | STOP = 63
5006 W\RI TE(6, 6506) | STOP, |, NCOL
6506 FORMAT(8HO | STOP=, | 3, 5X, 6HNCOL3(, | 3, 2H) =, Al)



5010

5011
5012
6501
5013
5014

5015

5020

5021
5022

5023
5024

5025

5030

5031
5032
5034

5035

5040

505

00

GO TO 505

MXWN = -1

NCOLF = 1

CALL DEFMJ( PSBOU, XOU, ASTR, PSP(2), PSP(11), XM N, | KK, | BB, | LB, | BE, I LE,
| NDAPS, NCOLF, MXWN)

EXT = XF - XM N

| F(EXT - 0.0) 5011, 5011, 5013

| STOP = 64

WRI TE( 6, 6501) | STOP, EXT

FORMAT(8HO | STOP=, | 3, 5X, 4HEXT=, E13. 5)

GO TO 505

DO 5015 11 = 2,9

| F(EXT -EXTF(11)) 5014, 5014, 5015

NCOL7(1) = MWI(I1-1)

GO TO 505

CONTI NUE

NCOL7(1) = MWM 9)

GO TO 505

MXWN = -1

NCOLF = 0

CALL DEFMJ( PSBOU, YOU, ASTR, PSP(2), PSP( 5), YM N, | KK, | BB, | LB, | BE, I LE,
| NDAPS, NCOLF, MXWN)

EXT = YS - YMN

| F(EXT) 5022, 5022, 5023

| STOP = 65

GO TO 5012

DO 5025 |1 = 2,9

| F(EXT - EXTR(11)) 5024, 5024, 5025
NCOL7(1) = MW(I1-1)

GO TO 505

CONTI NUE

NCOL7(1) = MW 9)

GO TO 505

MXMWN = 1

NCOLF = 0

CALL DEFMJ( PSBOU, XOU, ASTR, PSP(5), PSP(  8), XMAX, | KK, | BB, | LB, | BE, I LE,
| NDAPS, NCOLF, MXVN)

EXT = XMAX - XR

| F(EXT) 5031, 5031, 5032

| STOP = 66
GO TO 5012

DO 5035 I = 2,9

| F(EXT - EXTB(11)) 5034, 5034, 5035
NCOL7(1) = MW I1-1)

GO TO 505
CONTI NUE

NCOL7(1) = MVM 9)

GO TO 505

MXWN = 1

NCOLF = 0

CALL DEFMIJ( PSBOU, YOU, ASTR, PSP( 8) , PSP(11) , YMAX, | KK, | BB, | LB, | BE, | LE,

1 | NDAPS, NCOLF, MXIWN)

EXT = YS + YMAX
GO TO 5021

CONTI NUE

RETURN

END

SUBROUTI NE FULSRC( XXOU, XM | BB, | LB, | BE, | LE, MXMN)
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
DI MENSI ON XXOU( 1)

SEARCHES FOR MAX OR M N OF X OR Y WTHI N THE APPROPRI ATE RANGE



O00000000000

O00000000000000000 O

15

17
20

21
22

28

OF VEH CLE DAVAGE, RANGE NOT LI M TED NOR RESTRI CTED

CHOOSES MAX | F MXWN = +1
CHOCSES MN IF MXWN = -1
SAMPLE CALLS

MXWN = -1

CALL FULSRC( XQU, XMNFUL, I BB, I LB, I BE, | LE, MXWN)
XMNFUL 1S THE MNIMUM X I N TH' S RANGE

MXWN = +1

CALL FULSRC( YQU, YMXFUL, I BB, ILB, I BE, ILE, MXMN)
YMXFUL 1S THE MMAXIMUM Y IN TH' S RANGE

| BB
I LB

-1. E20
M) 2, 3,3
1. E20
15

I1=1B IL
IF(XXOU(I1) - XWN) 8,5,5
XMN = XXOU(11)

CONTI NUE

BE) 9, 28,9

B-1BE) 10, 28, 10

B
L

< — —

VN
I F(
VN

X
| ;II I

X ®d

8 —_——

IB, IL
1) - XmN) 17,17, 20

I
BE) 21, 28,21
B-1BE) 22, 28, 22

SUBROUTI NE CORSRC ( PPSBQOU, XXQU, PSPP1, PSPP2, XM | BB, I LB, | BE, I LE,

1 NCOLF, MXMN)

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC

DI MENSI ON PPSBOU( 1) , XXOU( 1)

CHOOSES MAX | F MXIWN
CHOCSES M N | F MXIWN

+1
-1

SPECIAL LIMT LOG C FOR FRONT OF CAR, NCCLF =1
OTHER LIMT LOGE C FOR ALL OTHER CASES, NCOLF=0

CALLI NG PROGRAM SETS NCOLF

SAMPLE CALLS
NCOLF = 1

MXWN = -1

CALL CORSRC ( PSBOU, XOU, PSP(2), PSP(11), XM\, | BB, | LB, | BE, | LE
1 NCOLF, MXMWN)

DIS = XF - XW

NCOLF = 0

MXW = 1

CALL CORSRC (PSBQU, YOQU, PSP(8), PSP(11), YMX, | BB, | LB, | BE, | LE,

1 NCOLF, MXIWN)
DS = YS + YMX



wnN

o ~NUA~

10
12
20
25
26
27

28

( PSBTT- PSPP2) 25, 10, 10
(PSBTT - PSPP1) 25,8, 8
F(PSBTT - PSPP2) 10, 10, 25
I F(MXKWN) 11, 12, 12
IF(XXOU(I1) - XWN) 20,20, 25
IFE(XXOU(I1) - XWN) 25,20, 20
XMN = XXOU(11)

CONTI NUE

| F(1 BE) 26, 28, 26

IF (1B-1BE) 27, 28,27

| B=I BE

IL = ILE

GO TO 3

XM = XWN

RETURN

END

@

O00000000000O00O00O0

P O0~NO U BN wnN

e

SUBROUTI NE DEFMJ( PPSBOU, XXOU, ASTRO, PSPP1, PSPP2, XM | KK, | BB, | LB
1 | BE, | LE, | NDAPS, NCOLF, MXVN)
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
DI MENSI ON PPSBOU( 1) , XXOU( 1) , ASTRO( 1)
DATA STAR/ 1H*/

CHOOSES MAX | F MXWN = +1

CHOOSES MN I F MXWN = -1

CALLI NG PROGRAM SETS MXIWN

SPECIAL LIMT LOG C FOR FRONT OF CAR, NCCLF =1

OTHER LIMT LOGE C FOR ALL OTHER CASES, NCOLF=0
CALLI NG PROGRAM SETS NCOLF

SAMPLE CALL
NCOLF = 1
MXWN = -1

CALL DEFMI( PSBOU, XQOU, ASTR, PSP(2), PSP(11), XM N, I KK, I BB, | LB, | BE, I LE,
1 | NDAPS, NCOLF, MXMN)
NCOLF = 0
MXW = -1
CALL DEFMI( PSBQU, YOU, ASTR, PSP(2), PSP( 5), YM N, | KK, I BB, | LB, | BE, I LE,
| NDAPS, NCOLF, MXIVN)

| F(1 NDAPS) 4, 10, 4
PSBTT = PPSBOU(I 1)

| F(NCOLF) 5,7,5

| F( PSBTT- PSPP1) 10, 10, 6
| F( PSBTT- PSPP2) 25, 10, 10
|
|
|
|

F(PSBTT - PSPP1) 25,8, 8
F(PSBTT - PSPP2) 10, 10, 25
F(ASTRO(I1) - STAR) 17,11, 17
IB=11 - 1



O00000000

12
13
14

15
16
17
18
19
20
25
26
27

28

65

66
67

69
70
71
72

80
81

82

83

84
85

86

(11B) 12,12,13

B=1

(ASTRO(I1B) - STAR) 14,17, 14

L=11 +1

(1L - 1KK) 16, 16,15

L = IKK

(ASTRO(I1L) - STAR) 25,17,25

(MXWN) 18, 19, 19

I F(XXOU(I1) - XMN) 20, 20, 25

I F(XXOU(11) - XMN) 25,20, 20

XMN = XXOU(11)

CONTI NUE

| F(1 BE) 26, 28, 26

|F (IB-1BE) 27,28, 27

| B=I BE

IL = ILE

GO TO 3

XM = XWN

RETURN

END

SUBROUTI NE NCOLDV( NARRPS, ARRDV , MVM NUM , JN, | STOPP, NCOL1P, NCOL2P,
DVSUMV)

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC

COVPUTES NCOL1, NCOL2 - THE FI RST TWO COLUWNS OF VDI

SUMS DELTA V | F SEVERAL CLOCK DI RECTI ONS( NARRPS) SEEM TO OCCUR

W THI N ONE RANGE OF DAMAGE.

I F
Il
I F
Il
I F
Il
I F
I F

SAMPLE CALL FROM SUBROUTI NE OUT2
JNCOL = | NPSML( 1)
CALL NCOLDV( NARRP1, ARRDVL, MW NUML, JNCOL, | STOPP, NCOL1, NCOL2, DVSUM)

DI MENSI ON NARRPS( 1) , ARRDV( 1) , MM 1)
DATA MZERQ/ 1HO/ , ML/ 1H1/
| STOPP = 0

DVSUMM = ARRDV(JN)

NCOL = NARRPS(JN)
NCOL1P = MZERO

| F(NCOL-9) 66, 66, 65
NCOL1P = ML

NCOL = NCOL - 10

| F(NCOL) 67, 69, 70

| STOPP = 1

GO TO 95

NCOL2P = MZERO

GO TO 80

DO72J = 1,9

| F(NCOL - J) 72,71, 72
NCOL2P = MM J)

GO TO 80

CONTI NUE

| F(NUM 1) 95, 95, 81
NCOL = NARRPS(JN)
NCOLP = NCOL+1

| F(NCOLP - 12) 83, 83, 82
NCOLP = 1

NCOLM = NCOL- 1

| F(NCOLM) 84, 84, 85
NCOLM = 12

DO 90 J = 1, NUM

IF( J-JN) 86, 90, 86
NTRY = NARRPS(J)

I F (NTRY - NCOL) 87,89, 87



87
88

90
95

| F (NTRY - NCOLP) 88,89, 88
| F(NTRY - NCOLM) ~ 90, 89, 90
DVSUMM = DVSUWM + ARRDV(J)
CONTI NUE

RETURN

END
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SUBRQOUTI NE | NPUT( *)
Ver si on 04-13-98
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC

COVWON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
COVMON/ | NTG NEQ T, DT, VAR( 12) , DER( 12)
EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),

1 (VAR(4), PSI 1D), (VAR(5), U1), (VAR(6), V1),
2 (VAR(7), XCP2), (VAR(8), YCP2), (VAR(9), PSI 2),
3 (VAR(10), PSI 2D), (VAR(11), U2), (VAR(12), V2)

EQUI VALENCE (DER(1), DXCP1), ( DER(2), DYCP1), (DER(3), DPSI 1),
( DER(4), DPSI 1D), ( DER(5), DUL) , ( DER(6), DV1),
(DER(7) , DXCP2) , ( DER(8) , DYCP2) , ( DER(9), DPSI 2),
( DER( 10) , DPSI 2D) , ( DER(11), DU2) , ( DER(12) , DV2)
COMMON/ | NPT/ TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DVN, FVEHO
, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 200, U20, V20,
A1, B1, TRL, Fl Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, Fl 72, FM2, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NOQL, NTBLQL, NTQL,
TBTQR, TETQR, TI NCQ2, NTBLQ2, NTQ2, TI | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1,
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PSI FI ( 4, 201),
XBP(2) , YBP(2) , XMJL, XMU2, CMJ
COMMON/ | NPT/ DELPSO, DELRQD, ALAMB, ZETAV, AKV(2) , AMJ, €0, C1, C2,
PSLMLO, PSLM20, PSLMBO, PSLMA0, PSLNVEO, PSLMBO0, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)

O©CoO~NOOUITAWNPE WN P

N -

COMMON OPTI ONS/ 1 OPTI ON, DTI NT, STEPPSI, STEPDT, SINPSI, S| NFREQ
1 GAI N, DI SLKAHD, XYTB(2,201), NOUT1, NOUT2

COWON DELAY/ TDGT, DTDGI, DY1LST, YAWLLST, DY2LST, YAWLST

COMMON/ | NTGR/ JCC( 4) , JCOR(4) , NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,
19,J9(361,2), NPSJIB,|PSJB,13,1LAST,IL, | NDL,|ND2, | NDI
, I NDJ, | STOP, | TZERL, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB,
| COLLP, I COLL, 1 Q I ND, | VEH, LL, | CTVDI, | TCOL, | TFLGL,
| TELG2, N\RDB1, NV\RDEL, NVWRDB2, NVIRDE2, | COLAC
IN COWDON / COVP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES
WHI CH ARE EQUI VALENCED TO ARRAYS.
COWON COVP/  DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVMN2, PSI DMA, TPRI NT, DTP,
ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LMB, PSI LMB, PSI LM,
PSI LMB, EJJ( 4, 2), GJJ(4, 2), CLOC2, PSCC, PSI R1, PSI R2,
XCMXCL, XCMXC2, YCMYCL, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
XCPI , YCPI, PSI |, XCPJ, YCPJ, PSI J, XCMXC, YOMYC, SPSI J,
CPSI J, XFI, XRl, YSI, XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
XPJ(4), YPJ(4), ANGYX, SPAN, PSI BPI ( 4), PSI BPB, PSI BPF,
FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B,
RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB
COVMMON/ COVP/ - PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI ,
PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBVX, RHOBI T, RHOBT,
SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FN1, SPSF,
CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F,
X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNNL,
FNX2, FNY2, FNN2, SFX1, SFY1, SFN1, SFX2, SFY2, SFN2,
SFX1C, SFX2C, SFY1C, SFY2C, SFNIC, SFN2C,
SFX1T, SFX2T, SFY1T, SFY2T, SFNLT, SFN2T, TCOL, TEND,
TREST1, TREST2, TCOLS1, TCOLS2, PITEM P2TEM ULV1E, U2V2E,
EXTRA( 10)
COMMON/ COMPT/ W 8) , XWP( 8) , YWP( 8) , FLAGN(8) , PSI W 8) , TQW(8) ,

Co~NOUO~WNE A WNPF

O©CoO~NOUITAWNBE



1000

500

1001

1002

OO0

(o]

4

TFX, TFY, TMOM PSI RR, COEF, COEF1, COEF2, TRD2, TRD21, TRD22,

XBMXB, FNUM A, B, FI Z, FMASS, XC, YC, U, V, PSI C, PSI CD, UD2,

SGNU, SGNI, AOVB, CSPSI C, SNPSI C, TRCPSC, TRSPSC, TRPSCD,

X', XW YW SX, SY, S, XPP, YPP, RHO, RHOP, XMUS, XMU, PSI , XNUM

XDEN, RATI O, ALFA, F, TI F, FC, FCOS, SMAL, FSMX, FS, BETB, FX, FY

, CSPSI, SNPSI , XCXC, YCYC, SPJ, CPJ, SPI J, CPI J, XFJJ, XRJJ,
YSJJ, EJJI, GIJI, XI CORJ, YI CORJ, NTQ TBTQ TETQ TI NCRQ

NPSF, TBPSF, TEPSF, TI NCRP

COWDN TAB/  TRHOB( 361, 2), TROBMX( 361, 2) , TPSI B( 361, 2),
TCPSI B( 361, 2), TSPSI B( 361, 2), TXB1( 100), TYB1( 100),
TPSB1(100) , TPRES1( 100)

O~NO U WN P

N

DI MENSI ON  XCMXCl (2), YOWCI (2), SPSI 1 (2), CPSI | (2), PSLM)( 8) , PSLM 8)

EQUI VALENCE ( XCMXCl (1), XCMXCL) , ( YOWCI (1), YOMYCL), (SPSI | (1), SPSI 1)
1 , (CPSI'1 (1), CPSI 1), (PSLM)( 1), PSLMLO), ( PSLM 1), PSI LML)

EQUI VALENCE ( XI NPUT( 1) , FMOVI E)

DI MENSI ON DUM 9) , CARDI M 20)

DI MENSI ON TTARG( 201)

EQUI VALENCE (TXB1(1), TTARG(1))

DATA BLANK/ 4H /
DATA NAMEQ 4H TI/, NAMEP/ 4HPSI F/ , NOL/ 1/, NO2/ 2/

READ( NI N, 1000, END=500) ( HED( 1 ), | =1, 40)
FORMAT( 20A4)
GO TO 2

WRI TE( NOUT, 1001)
FORMAT(' 1End of input - SMAC conpl eted')
RETURN 1

WRI TE( NOUT, 1002) HED
FORMAT( 1H1, 20A4/ 1X, 20A4)
DO 3 1=1,3
I = 37
DADE( 1)
HED( 1 1)

PUNCH DATE IN COL 69 THRU 80 ON SECOND HEADI NG CARD

HED(11)
BLANK

I+

READ( NI N, 1003) CARDIM DUM | CARD
4 READ(N N, 1003) DUM | CARD
wite(6,*) ' just read icard ="', icard

1003 FORMAT( 20A4, T1, 9F8. 0, | 8)
c 1003 FORMAT( 9F8.0, | 8)

1004

1005

00

51

52
53

VRl TE( NOUT, 1004) CARDI M

FORMAT( 1X, 20A4)

| F(1 CARD. GE. 9999) GO TO 120

GO TO (5, 6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 21) , | CARD
WRI TE( NOUT, 1005) CARDI M

FORMAT( 19HO LLEGAL | NPUT CARD / 1X, 20A4)

STOP

TO
TF

DUM 1)
DUM 2)
THE COMPUTI NG AND PRI NTI NG | NTERVALS CANNOT BE ZERO.
| F THE | NTERVALS ARE BLANK ON | NPUT, THEY ARE SET TO STANDARD.
| F(DUM 3)) 51,52, 51
DTTRAO = DUM 3)
GO TO 53
DTTRAO = 0. 025
| F(DUM 4)) 54, 55, 54



54

55
56
57

58
59
60

61

Q!

62
63
64

65
1065

67

10
91

DrcaLo =
@O TO 56
DTCOLO =

DUM( 4)

0. 001

| F(DUM5)) 57, 58, 57

DTCLTO =
GO TO 59
DICLTO =

DUM'5)

0. 005

| F(DUM 6)) 60, 61, 60

DTPRNO =
GO TO 62
DTPRNO =

DUM( 6)

DTCOLO

ASSUVE DTCOLO |'S THE SMALLEST | NTERVAL
WLL PRINT EVERY | NTERVAL

| F(DUM 9)) 65, 65, 63

| F(DUM 9) -2.0) 64,64, 65

FVEHO =
GO TO 67

DUM 9)

WRI TE( NOUT, 1065)
FORMAT(42H0 STOP. NUMBER OF VEHI CLES NOT ONE OR TVO)

STOP
UM N =
PSI DWN =
&0 TO 4
XCP10
YCP10
PSI 10
PSI 1D0
u10
V10

& TO
XCP20
YCP20
PSI 20
PSI 2D0
u20
V20

&0 TO 4
Al
Bl

L T 1 S 1 1 A O 1 A VA 0

DUM( 7)
DUM'8)

DUM 1)
DUM 2)
DUM 3)
DUM' 4)
DUM' 5)
DUM'6)

DUM 1)
DUM( 2)
DUM' 3)
DUM' 4)
DUM'5)
DUM( 6)

DUM 1)
DUM 2)

TRL = DUM 3)
FI Z1 = DUM 4)
FML = DUM 5)

PSI R10 =
XF1
XR1
YS1
&0 TO 4

A2
B2

DUM( 6)

DUM( 7)
DUM' 8)
DUM 9)

XR1 AND XR2 ARE | NPUT AS NEGATI VE QUANTI TI ES

DUM 1)
DUM 2)

TR2 = DUM 3)
Fl Z2 = DUM 4)
FM2 = DUM 5)

PSI R20 =
XF2
XR2
YS2
&0 TO 4

DUM( 6)

DUM 7)
DUM 8)
DUM 9)

CARD 6 CORNERI NG STI FFNESS FOR VEH. NO. 1
DO91 1J =1,4
CSTFI (1J) = DUM1J)

GO TO 4



O0000

11
92

12

99

1006

1007

0o

000000

100
101

13

14

109

CARD 7  CORNERI NG STI FFNESS FOR VEH. NO. 2
DO92 IJ = 5,8
CSTFI (1J) = DUM I J- 4)
GO TO 4

CARD 8 TORQUE FOR EACH WHEEL FOR VEHI CLE 1, TI1(8, 201)

FOLLOWED BY AT MOST 7 VALUES TO A CARD FOR WHEEL1, THEN WHEEL2, ETC.
AFTER FI NI SH NG ENTRI ES FOR A WHEEL, START ENTRI ES FOR NEXT
WHEEL ON A NEW CARD

TBTQL= DUM 1)

TETQL= DUM 2)

TINCQL = DUM 3)

NTQL = (TETQL - TBTQL)/ TINCQL + 1.2

NTBLQL = DUM4) + 0.1

NTBLQL- NON- ZERO MEANS DO NOT READ TABLE FOR TORQUE

| F(NTBLQL . NE. 0) GO TO 4

NTQ = NTQL

Z__

Crw
no
QN

M = NOL

| = 1B/ IL

1J = 1,NTQ 7

1JL = MNO(IJ+6, NTQ)

READ( NI N, 1006) CARDI M (TI1 (1, K), K=1J, I JL)
FORMAT( 20A4, T1, 7F10.0)

WRI TE( NOUT, 1007) CARDI M NUM NAMEQ |, 1J, 1JL
FORMAT( 1X, 20A4, 5X, THVEH. NO., | 2, A4, 1H(, | 2, 1H, 2HJ=, | 4, 3H TO, 1 4, 1H))
CONTI NUE

CONTI NUE

GO TO 4

33

01
00

CARD 9 TORQUE FOR EACH WHEEL FOR VEHI CLE 2, TI1(8, 201)
TBTQ2= DUM 1)
TETQ@2= DUM 2)
TINCQR = DUM 3)
NTQ2 = (TETQ -TBTQ)/TINCQ® + 1.2
NTBLQ2 = DUM4) + 0.1
NTBLQ2- NON- ZERO MEANS DO NOT READ TABLE FOR TORQUE
| F(NTBLQ . NE. 0) GO TO 4
NTQ = NTQR
| B
IL
NUM = NO2
GO TO 99

=5
=8

CARD 10 STEER FOR FRONT WHEELS FOR VEHI CLE 1, PSIFI (4, 201)

FOLLOAED BY AT MOST 7 VALUES TO A CARD FOR WHEEL1, THEN WHEEL2, ETC.
AFTER FI NI SH NG ENTRI ES FOR A WHEEL, START ENTRI ES FOR NEXT
VHEEL ON A NEW CARD

TBPSF1 = DUM 1)
TEPSF1 = DUM 2)
TINCP1 = DUM 3)

NPSF1 = ( TEPSF1- TBPSF1)/TINCP1 + 1.2

NTBLP1 = DUM4) + 0.1

NTBLP1- NON- ZERO MEANS DO NOT READ TABLE FOR STEER
| F(NTBLPL . NE. 0) GO TO 4

NPSF = NPSF1

IB =
IL =
NUM = NOL

DO 111 | = IB,IL

1
2



ONQ)

O 0000000

000

000

DO 110 1J = 1, NPSF, 7
1JL = M NO(I J+6, NPSF)
READ( NI N, 1006) CARDIM (PSIFI(1,K), K=lJ,1JL)
WRI TE( NOUT, 1007) CARDI M NUM NAMEP, |, 1J,1JL
110 CONTI NUE
111 CONTI NUE
GO TO 4

CARD 11 STEER FOR FRONT WHEELS FOR VEHI CLE 2, PSIFI (4, 201)

15 TBPSF2 = DUM 1)
TEPSF2 = DUM 2)
TINCP2 = DUM 3)

NPSF2 = ( TEPSF2- TBPSF2)/ TINCP2 + 1.2

NTBLP2 = DUM4) + 0.1

NTBLP2- NON- ZERO MEANS DO NOT READ TABLE FOR STEER
| F(NTBLP2 . NE. 0) GO TO 4

NPSF = NPSF2

IB =3

IL =4

NUM = NO2

GO TO 109

CARD 12 TERRAI N ZONES

16 XBP(1) = DUM 1)

YBP(1) = DUM 2)

XBP(2) = DUM 3)

YBP(2) = DUM 4)

XMJ1 = DUM 5)

XMJ2 = DuM 6)

(0\V] = DUM 7)

&0 TO 4

CARD 13  COLLI SI ON PARAMETERS
17 DELPSO= DUM 1)
DELRO0= DUM 2)
ALAVB = DUM 3)
ZETAV = DUM 4)

AKV(1)= DUM 5)
AKV(2) = DUM 6)
AMU = DUM 7)

FMOVI E = DUM 8)

| F FMOVI E (ElI GHTH FI ELD ON CARD 13) NE 0.0, WRI TE TAPE FOR
MOVI E, W TH TI RE TRACKS AND DAMAGE TABLES AT EACH TI ME POl NT, BUT
COMPUTE VDI ONLY AT END OF RUN. PRI NT | NTERVEDI ATE DAMAGE
TABLES ON FTO2.
IF FMOVIE EQ 0.0, WRI TE TAPE W TH TI RE TRACKS AT EACH TI ME
PO NT, BUT W TH DAMAGE TABLE AND VDI ONLY AT END OF RUN.
| F FMOVIE EQ 0.0 DO NOT WRI TE FTO2.

GO TO 4

CARD 14  COLLI SI ON PARAMETERS
18 CO = DUM 1)

Cl = DUM2)

C2 = DUM3)

GO TO 4

CARD 15, CRI TERIA FOR COLLISION LIM TS
SET TO STANDARDS | N MAI N PROG
THI S CARD NEED NOT BE FURNI SHED. |F USED, G VE ALL FIELDS.
19 DO 20 1=1,8
20 PSLMD(1) = DUM )
GO TO 4
CARD 16  DESI RED TRAJECTORY
IF IOPTION . NE. 0, THEN
| OPT = 1, STEP | NPUT



000000

21

1101
22
24

120
121
122
1010

C
200
1008

1012

| OPT = 2, SINUSQO DAL | NPUT

| OPT = 3, FEEDBACK CONTROL

| OPT = 4, FEEDBACK CONTRCL with tine del ay
I OPT = 5, I NPUT DESI RED TRAJECTORY

FOR OPTIONS 1,2 RUN WTH ONLY 1 VEH CLE

| OPTION = DUM 1)

IF (IOPTION . EQ 1) THEN
FVEHO = 1.0
DTINT = 0.25

WRI TE(6, *) ' ENTER STEERI NG STEP | NPUT PARAVETERS
WRI TE(6, *) ' AMPLI TUDE (DEG) AND TIME TO GO UP TO AMP ( SEC):'
READ( 5, *) STEPPSI, STEPDT
ELSEIF ( IOPTION .EQ 2 ) THEN
FVEHO = 1.0
DTINT = 0.25
WRI TE(6, *) ' ENTER STEERI NG SI NUSO DAL | NPUT PARAVETERS
WRI TE(6, *) ' AMPLI TDUE (DEG) AND FREQUENCY (HZ):'
READ(5, *) SINPSI, SI NFREQ
ELSEIF ( IOPTION .EQ 3 ) THEN
WRI TE(6, *) ' ENTER FEEDBACK CONTROL PARAMETERS!
WRI TE(6, *) ' GAIN (0.01-0.20) AND LOOK- AHEAD DI STANCE (M:'
READ( 5, *) GAIN, DI SLKAHD
ELSEIF ( IOPTION .EQ 4 ) THEN
WRI TE(6, *) ' ENTER FEEDBACK CONTROL PARAMETERS!
WRI TE(6, *) ' GAIN (0.01-0.20) AND LOOK- AHEAD DI STANCE (M :'
READ(5, *) GAIN, DI SLKAHD
WRI TE(6, *) ' ENTER TI ME DELAY (DI G TI ZED CYCLE | N ACTUATI ON)'
WRI TE(6, *) ' DTDGT'
READ( 5, *)  DTDGT
ELSEIF ( IOPTION .EQ 5 ) THEN
OPEN( UNI T=21, FI LE=' DESTRAJ. DAT')
DO 22 | = 1,201
READ( 21, 1101, END=24) XYTB(1,1), XYTB(2,1)
FORMAT( 2F10. 3)
CONTI NUE
CLOSE( 21)
ENDI F
GO TO 4
| F(FMOVI E) 121, 200, 121
| F(FVEHO - 2.0) 122,200, 122
WRI TE( 6, 1010) FMOVI E, FVEHO
FORMAT( 10HO FMOVI E =, F3. 0, 5X, 8H FVEHO =, F3.0 /
1113H NON EXI STENT DAMAGE TABLES (ONE CAR CASE) SHOULD NOT BE WRI T
2TEN ON TAPE AT EACH TIME PO NT (FMOVIE. NE. 0.). STOP )
STOP

* * * * % * * % * *

VR TE( NOUT, 1008) HED, DADE
FORMAT( 1HL, 25X, 20A4/ 26X, 20A4/ 58X, 3A4/ )
WRI TE(NOUT, 1012) XCP10,  XCP20,  DELPSO,
YCP10,  YCP20,  DELROD,
PSI 10,  PSI20, ALAMB,
PSI 1D0, PSI2D0, ZETAV,
u10, U20, V10, V20
FORMAT( 1HO, 30X, 18HI NI TI AL CONDI TI ONS, 40X, 21HCALCULATI ON CONSTANTS/
X 13X, 13HVEHI CLE NO 1, 27X, 13HVEH CLE NO. 2 /

A WN P

1/ 9X, 10HXC10' =, F8. 3, 7H I NCHES, 15X, 10HXC20' =, F8. 3, 7H | NCHES
2 , 16X, 10HDELPSI =, F8. 3, 8H DEGREES /

3 9X, 10HYC10' =, F8. 3, 7H I NCHES, 15X, 10HYC20' =, F8. 3, 7H | NCHES,
416X, 10HDELRHO =, F8.3, 7H | NCHES /

5 9X, 10HPSI 10 =, F8. 3, 8H DEGREES, 14X, 10HPSI 20 =, F8. 3, 8H DEGREE

6S, 15X, 10HLAVBDA , F8. 3, 21H LB/ I N, PRESSURE ERROR/



7 9X, 10HPSI 1D0 =, F8. 3, 8H DEJ SEC, 14X, 10HPSI 2D0 =, F8. 3, 8H DEJ SE

8C, 15X, 10HZETAV =, F8.3, 21H | N SEC, M N. FOR FRI CT/
9 9%, 10HU10 =, F8. 3, 7H | N/ SEC, 15X, 10HU20 =, F8.3, 7H | N/ SEC/
X 9X, 10HV10 =, F8. 3, 7H | N/ SEC, 15X, 10HV20 =, F8.3, 7H | N SEC)
VR TE( NOUT, 1016) Al, A2, AKV(1),
1 B, B2, AKV(2),
2 TRL, TR2, AMY,
3 FlZl, FIZz2, 0,
4 FML,  FM, c1

1016 FORMAT( 1HO, 22X, 34HDI MENSI ONS AND | NERTI AL PROPERTI ES, 34X, 16HDEFORM
1ABLE LAYER/ 9X, 10HAL =, F8. 3, 7H | NCHES, 15X, 10HA2 =, F8.3
2, 7H | NCHES, 16X, 10HKV1 =, F8.3, 11H LB/ (I N**2)/ 9X, 10HB1 =
3, F8. 3, 7H | NCHES, 15X, 10HB2 =, F8. 3, 7H | NCHES, 16X, 10HKV2 =
4,F8.3,11H LB/ (I N**2) / 9X, 10HTRL =, F8. 3, 7H | NCHES, 15X, 10HTR2
5 =, F8. 3, 7H | NCHES, 16X, 10HWMJ, FRI CT =, F8.3/ 9X, 2H 1, 7X, 1H=, F8.0

6, 13H LB- SEC**2- I N, 9X, 2HI 2, 7X, 1H=, F8. 0, 13H LB- SEC**2- | N, 10X, 2HCD0,
77X, 1H=, F8. 3, 12H RESTI TUTI ON' 9X, 2HML, 7X, 1H=, F8. 3, 13H LB- SEC**2/ | N,
8 9X, 2HWR, 7X, 1H=, F8. 3, 13H LB- SEC**2/ I N, 10X, 2HCL, 2X, 1H=, E13. 5, 2X,

9 7H VERSUS )

WRI TE( NOUT, 1018) PSIR10, PSIR20, C2,

1 XF1, XF2,

2 XR1, XR2,

3 YS1, YS2

1018 FORMAT( 9X, 10HPSI R10 =, F8. 3, 8H DEGREES, 14X, 10HPSI R20 =, F8. 3,

1 8H DEGREES, 15X, 2HC2, 2X, 1H=, E13. 5, 11H DEFLECTI ON /

2 9X, 10HXF1 =, F8. 3, 7H | NCHES, 15X, 10HXF2 =, F8. 3, 7H | NCHES/

3 9X, 10HXRL =, F8. 3, 7H | NCHES, 15X, 10HXR2 =, F8. 3, 7H | NCHES/

4 9X, 10HYS1 =, F8. 3, 7H | NCHES, 15X, 10HYS2 =, F8. 3, 7H | NCHES)
WRI TE( NOUT, 1020)  CSTFI (1), CSTFI (5),  XBP(1), YBP(1),

1 CSTFI (2), CSTFI (6),  XBP(2), YBP( 2),

2 CSTFI (3), CSTFI (7),  XMUJL,

3 CSTFI (4), CSTFI (8), XMR, CW

1020 FORVAT(1HO, 55X, 15HTI RE PROPERTI ES / 30X, 20H CORNERI NG STI FFNESS

1 41X, 37H TI RE- TERRAI N COEF AND TERRAI N ZONES / 9X, 10HC( 1) =,
2 F8.0, 7H LB/ RAD, 15X, 10HC( 5) =, F8.0, 7H LB/ RAD, 16X, 6HXB1' =,
3 F8.3,4H IN., 5X 6HYBL' =, F8.3,4H IN.  / 9X, 10HC(2) =,
4 F8.0,7H '' , 15X, 10HC(6) =, F8.0,7H '' 16X, 6HXB2' =,
5 F8.3,4H IN., 5X, 6HYB2' =, F8.3,4H IN.  / 9X, 10HC(3) =,
6 F8.0,7H '' , 15X, 10HC(7) =, F8.0,7H '' 16X, 6HXMJL =,
7 F8.3 / 9X, 10HC(4) =, F8.0,7H '' 15X, 10HC(8) =, F8. 0,
8 7H '' 16X, 6HXMJ2 = F8.3 /90X, 6HCMJ = E13.5 )
VR TE( NOUT, 1022) PSLMLO, PSLNGO, TO,
1 PSLMR0, PSLMBO, TF,
2 PSLMBO, PSLMO, DTTRAO,
3 PSLM4O0, PSLMBO, DTCOLO

1022 FORMAT(1HO, 12X, 17H PSI B RANGE TESTS, 20X, 22H PSI Bl FOR RHOBI TESTS,
119X, 20HPROGRAM CONTROL DATA /
2 13X, 19H COLLI SION CRITERI A, 18X, 19H COLLI SI ON CRI TERI A /
3 9X, 10HPSI LI ML =, F8. 3, 8H DEGREES, 14X
4, 10HPSI LI M6 =, F8. 3, 8H DEGREES, 15X, 10HTO =, F8. 3, 11H SEC. , BEG
5NV 9X 10HPSILIM2 = F8.3,5H '',17X 10HPSILIM6 = F8.3,5H '',
618X, 10HTF = F8.3,9H '' END 9X 10HPSILIMB =,F8.3,5H ',
717X, 10HPSI LIM7 =, F8.3,5H '', 18X, 10HDTTRAJ = F8.3,23H "' INT
8EG | NTVL, TRAJ/ 9X, 10HPSI LIM4 =,F8.3,5H "', 17X 10HPSILIMB =
9F8.3,5H "', 18X, 10HDTCCOLL =, F8.3,23H '' INTEG I NTVL, COLL )

WRI TE( NQUT, 1024) DTCLTO, DTPRNO, UVM N, PSI DIVWN, FVEHO, FMOVI E

1024 FORMAT( 90X, 10HDTCOLT =,F8.3, 23H '' |INTEG I NTVL, CPCS /

90X, 10HDTPRNT ,F8.3,21H '' PRI NT | NTERVAL /

90X, 10HUVM N , F8.3,21H I NN SEC STOPPI NG TEST /

90X, 10HPSI DOT , F8. 3, 21HDEG SEC STOPPI NG TEST  /

90X, 16HNO. OF VEHI CLES =, F3.0 /

90X, 10H FMOVI E = , F3. 0, 29H( ZERO, FI NAL DAMAGE TABLE TAPE/

abhwNBE



6 103X, 29H( NON- ZERO, DAMAGE HI STORY TAPE/
7 103X, 29H( ALSO WRI TTEN ON FORTRAN 2. /
8 103X, 29H (TAPE IS ALWAYS FORTRAN 1) )

LI NES = 49

I TZERL = 1

IB=1

220 DO 221 |
DO 221 J
LE(TII(T,d)

221 CONTI NUE
WRI TE( NOUT, 1030) | B, I LL, NTQ NUM

1030 FORMAT(14HO((TI1(1,K),1=,12,1H,,12, 6H),K=1,, 14, 40H TORQUE TABLES
XALL ZERO FOR VEH CLE NO., I 2)
LINES = LINES + 2
|F(1B-1) 222,222,224

222 1TZERL = 0

223 | TZER2
IB =5
ILL = 8

Bi

I LL
1;
)

I
225, 221, 225

1

GO TO 220
224 | TZER2 = 0
GO TO 229
225 | F(1B-1) 223,223, 229
229 | PZERL = 1
IB =1
ILL = 2
NPSF = NPSF1
NUM = NOL
230 DO 231 | = IB,ILL
DO 231 J = 1, NPSF
IF( PSIFI(1,J)) 235,231,235
231 CONTI NUE
WRI TE( NOUT, 1032) | B, I LL, NPSF, NUM
1032 FORMAT(16HO((PSIFI(1,K),1=,12,1H, ,12, 6H), K=1,,14, 39H) STEER TABLES
X ALL ZERO FOR VEH CLE NO., I2)
LINES = LINES + 2
| F(1B-1) 232,232,234
232 IPZERL = 0
233 IPZER2 = 1
IB = 3
ILL = 4
NPSF = NPSF2
NUM = NO2
GO TO 230
234 |PZER2 = 0
GO TO 239
235 | F(1B-1) 233,233, 239
239 |F(I TZERL + | TZER2 + | PZERL + | PZER2) 240, 290, 240
240 NTPR = 0
TTARG(1) = 0.0
| F(1 TZERL) 242, 257, 242
242 | F(TINCQL) 243, 257, 243
243 NTQ = NTQL

IB=1
ILL = 4
NUM = NOL

Y = TBTQL



245
1009

246

250
1050

1
2

1052
255

257
258
259

270
271
272

275

276

278

1054
1

TINCRQ = TI NCQL
VRl TE( NOUT, 1009)

FORMAT( 1H0)

LINES = LINES + 2
DO 246 | = 1, NTQ
TTARG(l) =Y

Y = Y + TINCRQ
CONTI NUE

NNADD = 0

| F(MOD(NTQ 3) . NE. 0) NNADD = 1
NTPR = NTQ' 3 + NNADD

NTPR2 = 2*NTPR

LINES = LINES + NTPR + 4

| F(LI NES. LE. 60) GO TO 250

WRI TE( NOUT, 1008) HED, DADE
LINES = NTPR + 8

WRI TE( NOUT, 1050) NUM
FORMAT(15H0  VEHI CLE NO., 12 /

1X, 3( 14X, 29H TRACTI VE OR BRAKING FORCE LB )/ 1X
3(7X, 4H SEC, 6X, 2HRF, 5X, 3H LF, 5X, 3H RR, 5X, 3H LR))

DO 255 J = 1, NTPR
1J =1
1JL = M NO(NTQ | J+NTPR2 )

WRI TE( NOUT, 1052) (TTARG(11), (TI1 (K, 11), K=I B, I LL), I11=1J,1JL, NTPR)

FORMAT( 1X, 3( F11. 3, 4F8. 2))
CONTI NUE

| F(1 B-5) 257, 270, 270

| F(1 TZER2) 258, 270, 258

| F(TINCQ) 259, 270, 259
NTQ = NTQR

IB =5

ILL = 8

NUM = NO2

Y = TBTQ

TINCRQ = TI NCQ

GO TO 245

| F(1 PZERL) 271, 280, 271
| F(TINCP1) 272, 280, 272
NPSF = NPSF1

IB =1

ILL = 2

NUM = NOL

Y = TBPSF1

TINCRP = TINCP1

WRI TE( NOUT, 10009)

LINES = LINES + 2

DO 276 | = 1, NPSF
TTARG(l) =Y

Y = Y + TINCRP

CONTI NUE

NNADD = 0

| F(MOD(NPSF ,5) .NE. 0) NNADD = 1

NTPR = NPSF/5 + NNADD

NTPR5 = 4* NTPR

LINES = LINES + NTPR + 4

| F(LI NES. LE. 60) GO TO 278

VR TE( NOUT, 1008) HED, DADE
LINES = NTPR + 8

VRl TE( NOUT, 1054) NUM
FORMAT(15H0  VEHI CLE NO., 12 /

1X, 5( 9X, 17H STEER ANGLES, DEG

[ 1X, 5(5X, 4H SEC, 1X, 16H



1 PSIF1  PSIF2))

DO 279 J = 1, NTPR

1J =J

1JL = M NO(NPSF , |J+NTPR5 )

VR TE( NOUT, 1056) ( TTARG(1 1), (PSI FI (K, 1), K=IB, I LL), 11=IJ, 1 JL, NTPR)
1056 FORMAT(1X, 5( F10. 3, 2F8. 3))
279 CONTI NUE

| F(1B-3) 280, 290, 290
280 | F(1 PZER2) 282, 290, 282
282 | F(TI NCP2) 283, 290, 283
283 NPSF = NPSF2

IB = 3

ILL = 4

NUM = NO2

Y = TBPSF2

TINCRP = TI NCP2

GO TO 275
290 RETURN

END
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SUBROUTI NE SMAC

Ver si on 03-02-83

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
PROGRAM VERSI ON 10- 31-78

THE FOLLOW NG MCDI FI CATI ONS HAVE BEEN MADE TO THE ORI G NAL SOURCE

RECEI VED FROM CALSPAN

(A

(B)

(O

(D

(B

(F)

STATEMENT NUMBER 55 I N SUBROUTI NE TRAJ WHI CH READ
55 RATI O = XNUM XDEN

NOW READS
55 RATI O = ATAN2( XNUM XDEN)

AN HSRI VERSI ON DATE WRI TE STATEMENT HAS BEEN ADDED AS

THE FI RST EXECUTABLE STATEMENT I N MAI N

THE UNREFERENCED VARI ABLE "BLNK" WAS DELETED FROM
SUBROUTI NES OUT2, ADJEND, DAMAGE, DEFMJ, AND PLOTAP

THE UNREFERENCED VARI ABLE " STAR' WAS DELETED FROM
SUBROUTI NES OUT2 AND DAMAGE

THE UNREFERENCED VARI ABLES "PI 04", "PI 06", AND "PI 09"
WERE DELETED FROM SUBROUTI NE DAMAGE

THE MAI N PROGRAM HAS BEEN CONVERTED TO A SUBROUTI NE

COVMMON CONST/ G, RAD, PI, TWOPI , PI O2, Pl 32, ND2, ND4, ND8, NI N, NOUT

COVMON/ | NTG NEQ T, DT, VAR( 12) , DER( 12)

EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),

1
2
3

(VAR(4), PSI 1D), (VAR(5), U1), (VAR(6), V1),
(VAR(7), XCP2) , (VAR(8) , YCP2), (VAR(9), PSI 2),
(VAR(10), PSI 2D), (VAR(11), U2), (VAR(12) , V2)

EQUI VALENCE ( DER( 1), DXCP1), ( DER(2), DYCP1), ( DER(3), DPSI 1),

1
2
3

COWON | NPT/

CoOo~NOOUWNE

( DER(4), DPSI 1D), ( DER(5), DU1), ( DER(6) , DV1),
( DER(7) , DXCP2) , ( DER(8) , DYCP2) , ( DER(9) , DPSI 2)
( DER( 10) , DPSI 2D), ( DER( 11) , DU2) , ( DER( 12) , DV2)

, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 2D0, U20, V20,
A1, B1, TRL, FI Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, FI Z2, F\R, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NCQL, NTBLQL, NTQL,
TBTQR, TETQR, TI NOQ, NTBLQ2, NTQ, T | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1,
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PS| FI ( 4, 201),
XBP(2) , YBP(2) , XMJL, XMU2, CMJ

COMWON | NPT/ DELPSO, DELRQOO, ALAMB, ZETAV, AKV(2), AMJ, CO, C1, C2,

N

COMVON / OPTI ONS/ |1 OPTI ON, DTINT, STEPPSI, STEPDT, SINPSI, S| NFREQ

1

PSLMLO, PSLM20, PSLMBO, PSLMA0, PSLMBO, PSLMBO, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)

GAIN, DI SLKAHD, XYTB(2,201), NOUT1, NOUT2

COMWON DELAY/ TDGT, DTDGI, DY1LST, YAWLLST, DY2LST, YAWRLST

TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DIWN, FVEHO
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000

Co~NoOUO~WNE CoOoO~NOOUOWNE ArWNPF
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N~

1

2
2

1

COMMON | NTGR/ JCC(4), JCOR(4), NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,

19,39(361,2), NPSJIB,IPSJB, |3, |LAST,IL,INDL, |ND2, | ND
, I NDJ, | STOP, | TZER1, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB,
| COLLP, I COLL, I Q I ND, | VEH, LL, I CTVDI, | TCOL, | TFLGL,

I TFLG2, N\RDB1, NVWRDE1, NV\RDB2, NN\RDE2, | COLAC

IN COMWON / COWP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES

COVWON CovP/

VWH CH ARE EQUI VALENCED TO ARRAYS.

DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVM\2, PSI DMA, TPRI NT, DTP,
ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LMG, PSI LMB, PSI LM,
PSI LMB, EJJ( 4, 2), GJJ(4, 2), CLOC2, PSCC, PSI R1, PSI R2,
XCMXCL, XCMXC2, YOMYCL, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
XCPI, YCPI , PSI |, XCPJ, YCPJ, PSI J, XCMXC, YOMYC, SPSI J,
CPSI J, XFI, XRl, YSI, XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
XPJ(4), YPI(4), ANGYX, SPAN, PSI BPI ( 4), PSI BPB, PSI BPF,
FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B,
RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB

COVMON COVP/ PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI ,
PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBMX, RHOBI T, RHOBT,

SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FN1, SPSF,
CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F,
X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNNL,
FNX2, FNY2, FNN2, SFX1, SFY1, SFNL, SFX2, SFY2, SFN2,
SFX1C, SFX2C, SFY1C, SFY2C, SFNLC, SFN2C,
SFX1T, SFX2T, SFYLT, SFY2T, SFNLT, SFN2T, TCOL, TEND,
TREST1, TREST2, TCOLS1, TCOLS2, PLTEM P2TEM ULV1E, U2V2E,
EXTRA( 10)

COMMON COVPT/ W 8) , XWP(8) , YWP( 8) , FLAGN(8) , PSI W 8) , TQW(8),

COVMON TAB/

DI MENSI ON

TFX, TFY, TMOM PSI RR, COEF, COEF1, COEF2, TRD2, TRD21, TRD22,
XBMXB, FNUM A, B, FI Z, FMASS, XC, YC, U, V, PSI C, PSI CD, UD2,
SGNU, SGNI, AOVB, CSPSI C, SNPSI C, TRCPSC, TRSPSC, TRPSCD,
X', XW YW SX, SY, S, XPP, YPP, RHO, RHOP, XMUS, XMJ, PSI , XNUM
XDEN, RATI O, ALFA, F, TI F, FC, FCOS, SMAL, FSMX, FS, BETB, FX, FY
, CSPSI , SNPSI , XCXC, YCYC, SPJ, CPJ, SPI J, CPI J, XFJJ, XR1J,
YSJJ, EJJI, GIJI, XI CORJ, YI CORJ, NTQ TBTQ TETQ TI NCRQ
NPSF, TBPSF, TEPSF, TI NCRP

TRHOB( 361, 2) , TROBMX( 361, 2) , TPSI B( 361, 2),
TCPSI B( 361, 2), TSPSI B( 361, 2), TXB1(100), TYBL( 100),
TPSB1( 100) , TPRES1( 100)

XCMXCI (2), YCMYCI (2), SPSI 1 (2), CPSI | (2), PSLMD(8) , PSLM 8)

EQUI VALENCE ( XCMXCl (1), XCMXCL) , ( YOWYCI (1), YOWYCL), (SPSI | (1), SPSI 1)

(CPSI1 (1), CPSI 1), (PSLMD( 1), PSLMLO), ( PSLM 1), PSI LML)

COMMON VDI CON HAS CONSTANTS USED FOR VEHI CLE DAMAGE | NDEX

COMMON/ VDI CON EXTFL( 9), EXTRL( 9), EXTBL( 9), PSP1(12),

EXTF2( 9), EXTR2( 9), EXTB2( 9), PSP2(12), NCOL51( 10),
NCOL52( 10) , MM 9)

EQUI VALENCE ( XI NPUT( 1) , FMOVI E)

COWON COLLPT/ XCP1C, YCP1C, PSI 1C, U1C, V1C, PSI 1DC,

XCP2C, YCP2C, PSI 2C, U2C, V2C, PSI 2DC

COMVON OUTPT/ TMOU( 55) , XCPLOU( 55) , YCP1OU( 55) , PSI 10U( 55) , ULOU( 55)



0O00000000O000
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000

V10U( 55) , PS1DOY( 55) , AX1OU( 55) , AYLOU( 55) , XCP20U( 55) ,
YCP20U( 55) , PSI 20U( 55) , U20U( 55) , V20U( 55) , PS2DOU( 55) ,
AX20U( 55) , AY20U( 55) , ALF10U( 55) , ALF20U( 55) , XWP1OU( 55) ,
XWP20U( 55), XWP30U( 55), XWP4OU( 55), XWP50U( 55),
XWP6OU( 55) , XWP7OU( 55), XWP8OU( 55), YWPLOU 55),
YWP20U( 55), YWP3OU( 55), YWP4OU( 55), YWP50U( 55),
YWP6OU( 55), YWP7TOU( 55), YWPSOU( 55), FLAGL( 55),
FLAG2( 55), FLAG3( 55), FLAG4( 55), FLAGS( 55),
FLAGS( 55), FLAG7( 55), FLAG8( 55), ACCLOU(55), ACC20U( 55)

O©CoO~NOOUITAWNBE

COMMON OUTPT / ARRXY1( 10) , ARRX1( 10), ARRY1( 10) , ARRT1( 10) , ARRPS1( 10),
ARRDVL( 10) , ARRXY2( 10) , ARRX2( 10) , ARRY2( 10) , ARRT2( 10) , ARRPS2( 10) ,
ARRDV2( 10) , ABI GL, AXBI GL, AYBI GL, TBI G, DELVS1, ACCL, ACCP1, AXX1,

AYY1, ACTST1, ABI G2, AXBI G2, AYBI G2, TBI G2, DELVS2, ACC2, ACCP2, AXX2,
AYY2, ACTST2, TM TI MEP, NARRP1( 10) , NARRP2( 10) , NUML, NUMR,
| SAV1, | SAV2, | ACDV1, | ACDV2, | PAGE

abhwnNPE

COWON / MOVI B/ MOVI E, NMBSG

DI MENSI ON XNTGO( 26) , XNPTO( 2556) , | NTGRO( 768) , TABO( 4010) , COMPO( 189)
DI MENSI ON COVPTO( 129)

EQUI VALENCE (T, XNTGO( 1)), ( TO, XNPTO( 1)), (JCC(1), | NTGRO(1))

EQUI VALENCE( DTTRAJ, COMPO( 1) ), (W 1), COVPTO( 1)), ( TRHOB( 1, 1), TABO(1))
DI MENSI ON VDI CN( 107) , COLLP1( 12)

EQUI VALENCE( VDI CN (1), EXTF1(1)) , (COLLP1(1), XCP1C)

DI MENSI ON OUTPTO( 2644)

EQUI VALENCE ( TMOU( 1), OUTPTO( 1))

DATA NOL/ 1/, NO2/ 2/

G = 386.4

RAD = .0174532925
Pl = 3.1415926536
TWOPI = 2.0 * P
P2 =0.5* Pl
PI32 =1.5* Pl
ND2 =2

ND4 =4

ND8 =8

NIN =5

NOUT =6

NVSG = 6

MWV E =0

PRI NT HSRI VERSI ON DATE

VIRl TE( NOUT, 100)
100 FORMAT(' OSMAC - HSRI Version 10-31-78")

WRI TE( NOUT, 100)
100 FORMAT(' OSMAC - PATH VERSI ON 1-1-97')

DO 8

| 556
8 XNPTO( 1)

1,2
0.0

| NPUT AREA CLEARED ONLY ONCE PER JOB

PSLMLO = 70.
PSLM2O = 110.
PSLMBO = 250.
PSLMAO = 290.
PSLMBO = 10.
PSLM60 = 170.
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10
11

12

13

14

15

16

160

161

17

PSLM70 = 190.
PSLMBO = 350.
DO 11 | = 1,26
XNTGO(1) = 0.0
DO 12 | = 1,189
COWPO(1) = 0.0
DO 13 | = 1,129
COVPTO(1) = 0.0
DO 14 | = 1,768
I NTGRO(1) =0
DO 15 | = 1, 1444
TABO(1) = -1.0
DO 16 | = 1445, 4010
TABO(1) = 0.0
DO 160 | = 1,107
VDICN(1) = 0.0
DO 161 | = 1,12
COLLP1(1) = 0.0
DO 17 | = 1, 2644
OQUTPTO(I) = 0.0
| PRTY = 1
ABIGL = -1.E10
ABI @ = -1.E10

SUBROUTI NE | NPUT READS CARDS FURNI SHED FOR THI S CASE, ALLOWS
SUCCESSI VE CASES W TH ONLY THOSE CARDS WHI CH ARE CHANGED,
AND PRI NTS ALL | NPUT FOR EACH CASE.

CALL | NPUT(&9999)
CALL | NPUT(*9999)

SUBROUTI NE CNSTNT RESETS NMSG=2, MOVI E=1 | F FMOVI E. NE. O, | NPUT

CALL CNSTNT
TPRINT = TO

TDGI = TO

T=T0

TCOL = TO

TIMEP = TO

T™™ = TO

TTADD = 0.1 * DTCOLL

| COLTR = 1

DT = DTCOLT

DTP = DT

CALL PLOTAP(1)

CALL RNGKT1(1, NEQ T, DT, VAR, DER)

CALL ACCEL(G DUL, DV1, DPSI 1, UL, V1, AXX1, AYY1, ACC1)
| F(1 VEH. EQ 0) GO TO 19

CALL ACCEL(G DU2, DV2, DPSI 2, U2, V2, AXX2, AYY2, ACC2)



C SUBR SAVMAX CALLS SUBR DELTAV, | N Tl ALI ZES.
C
CALL SAVMAX (ARRXY1, ARRX1, ARRY1, ARRT1, ARRDV1, ARRPS1, NARRP1,
1 T™M TI MEP, AXX1, AYY1, ACCl, ACCP1, DELVS1, ACTST1,
2 ABI G1, AXBI GL, AYBI GL, TBI GL1, NUML, | SAV1 , | ACDV1,
3 | PRTY, | STOP)
CALL SAVMAX ( ARRXY2, ARRX2, ARRY2, ARRT2, ARRDV2, ARRPS2, NARRP2,
1 T™M Tl MEP, AXX2, AYY2, ACC2, ACCP2, DELVS2, ACTST2,
2 ABI &, AXBI &, AYBI G2, TBI G2, NUM2, | SAV2 , | ACDV2,
3 | PRTY, | STOP)
G0 TO 31
C
C TIS TO, I|F TW VEH CLES, CHECK FOR POSSI BLE CONTACT AT ST 31
C
18 WRI TE(NOUT, 6018) T, DT, DTP
6018 FORMVAT('0 At time =',F8.4,' sec, Newinterval =" ,F8.4,"' sec, Previ
lous interval = ,F8.4,' sec')
CALL RNGKT1(1, NEQ T, DT, VAR, DER)
CALL ACCEL(G DU1, DV1, DPSI 1, U1, V1, AXX1, AYY1, ACCl1)
| F(I VEH. EQ 0) GO TO 19
CALL ACCEL(G DUz, bv2, DPSI 2, U2, V2, AXX2, AYY2, ACC2)
19 | F(I STOP. NE. 0) GO TO 80
C
C OM T CALL TO QUTDI S
C | F(1 VEH. NE. 0) CALL QUTDI S
C ENTRY OQUTDI S | N SUBROUTI NE QUTPUT PRI NTS RHOB TABLE EVERY STEP
C
20 | F(TPRI NT. GT. (T+0. 1*DT)) GO TO 21
CALL QUTPUT(1)
C CALL PLOTAP(2)
TPRINT = TPRINT + DTPRNT
21 1COLLP =0
C

IF (IOPTION . NE. 4) GO TO 23
| F(TDGT. GT. (T+0. 1*DT)) GO TO 23
C WRI TE(14,*) T, TDGT
DY1LST = YCP1
YAWLLST = PSI 1
DY2LST = YCP2
YAVRLST = PS| 2
TDGT = TDGT + DTDGT
23 CONTI NUE

CALL RNGKT1(2, NEQ T, DT, VAR, DER)
| F(1 STOP. NE. 0) GO TO 80
| F(T. GE. TF) GO TO 80

TIMEP = TM
T™M=T
ACCP1 = ACCl

CALL ACCEL(G DUL, DV1, DPSI 1, UL, V1, AXX1, AYY1, ACC1)

| F(1 VEH. EQ 0) GO TO 220

ACCP2 = ACC2

CALL ACCEL(G, DU2, DV2, DPSI 2, U2, V2, AXX2, AYY2, ACC2)

CALL SAVMAX ( ARRXY1, ARRX1, ARRY1, ARRT1, ARRDV1, ARRPS1, NARRP1,

1 T™M Tl MEP, AXX1, AYY1, ACC1, ACCP1, DELVS1, ACTST1,
2 ABI G1, AXBI G1, AYBI G1, TBI G1, NUML, | SAV1 , | ACDV1,
3 | PRTY, | STOPR)

CALL SAVMAX (ARRXY2, ARRX2, ARRY2, ARRT2, ARRDV2, ARRPS2, NARRP2,

1 TM TI MEP, AXX2, AYY2, ACC2, ACCP2, DELVS2, ACTST2,
2 ABl G2, AXBI G2, AYBI G2, TBI G2, NUMR, | SAV2 , | ACDV2,
3 | PRTY, | STOP)
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220 I TFGIP = ITFLGL

241

25
26

281

31

31

32

35

1

| TF&RP = | TFL&

ITFLGL = O

I TFL& = 0

UlV1SQ = Ul**2 + V1**2

| F(ULV1SQ GT. UWWM\2) GO TO 25
| F(ABS( PSI 1D) . GT. PSI DMA) GO TO 25

ITFLGL = 1

| F(1 TFLGL. EQ | TFGLP) GO TO 241
TREST1 = T

TCOLS1 = TREST1 - TCOL

ULVIE = (SQRT(ULV1SQ)/ 12.0
P1TEM = PSI 1D/ RAD
| F(1 VEH) 26, 80, 26

| F(1 VEH. EQ 0) GO TO 20
U2V2SQ = U2**2 + V2**2

| F(U2V2SQ GT. UWMN2) GO TO 31

| F(ABS( PSI 2D) . GT. PSI DMA) GO TO 31

ITFL& = 1
| F(1 TFL&. EQ | TF&P) GO TO 281
TREST2 = T

TCOLS2 = TREST2 - TCOL

WV2E = (SQRT(U2V2SQ))/ 12.0
P2TEM = PSI 2D/ RAD

| F(1 TFLGL) 80, 31, 80

OM T CALL TO QUJTDI S

CALL QUJTDI S

ST 31 IS REACHED ONLY WHEN | VEH. NE. O

TEST FOR CONTACT

COSI NE( PSI 1- PSI 2) SAME AS COSI NE( PSI 2- PSI 1)

CPIJ =CPSI1 * CPSI2 + SPSI1 * SPSI 2

I =1
J=2

XCXC = XCMXCI (1)

YCYC = YCWC (1)

SPJ = SPSI(J)

CPJ = CPSI(J)

SPIJ = SPSII(I) * CPJ - CPSII(1)*SPJ
XFJJ = EJI(1,J)

XRJJ = EJI(3,J)

YSJJ = G1I(1,J)

XI CRTM = YCYC*SPJ + XCXCrCPJ
YI CRTM = YCYC*CPJ - XCXC*SPJ

VEHI CLE | CORNER PO NTS I N VEHI CLE J COORDI NATES
RF=1 LF=2, RR=3 LR=4

DO35 IC=1,4
EJJI = EJJ(IC 1)
QI = &I(IC 1)
XI CORJ = X| CRTM + EJJI*CPIJ - GIJI*SPIJ

YI CORJ = YI CRTM + EJJI*SPIJ + GIJI*CPlJ
I F((XRJIJ. LT. XI CORJ) . AND. ( XI CORJ. LT. XFJJ) . AND.
((-YSJJ).LT.YI CORJ). AND. (YI CORJ. LT. YSJJ)) GO TO 37
CONTI NUE
IF(1.GT.1) GO TO 45
| =2
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37

39

41

42

44

45

47

50

J=1

GO TO 32

| F(1 TCOL. NE. 0) GO TO 39
TOOL =T

IToOL =1

XCP1C = XCP1

YCPIC = YCP1

PSI1C = PSI1

uc =u

VIC = V1

PSI 1DC = PSI 1D

XCP2C = XCP2

YCP2C = YCP2

PSI2C = PSI2

wc =W

V2C = \2

PSI 2DC = PSI 2D

GO TO 41

| F(1 COLTR. EQ 0) GO TO 42
| F(( ACCL. LE. 1. 0) . AND. (ACC2. LE. 1. 0)) GO TO 20
lcOLL =1

| COLTR = 0

DTP = DT

DT = DTCOLL

DTPRNT = DTCOLL

TPRINT = T

TDGT = T

1Q =0

CALL SETIND(PSI 1, PSI 2, XCMXC1, YCMYC1, PSCCL, PSCC2, | ND1, | ND2)
GO TO 18

F((ACCL. GT. 1. 0) . OR (ACC2. GT. 1.0)) GO TO 20
F(1 COLAC. GT. 5) GO TO 44

COLAC= | COLAC+1

GO TO 20

TTEST = T + TTADD

| F( AMOD( TTEST, DTCOLT) - DTCOLL) 47, 20, 20
| F(1 COLTR NE. 0) GO TO 50

TTEST = T + TTADD

| F( AMOD( TTEST, DTCOLT) - DTCOLL) 47, 20, 20
| COLTR = 1

| COLLP = 1

| COLAC = 0

DTP = DT

DT = DTCOLT

DTPRNT=DTPRNO RESET NOT DONE
TPRINT = T
TDGT = T

IND = 1
@O TO 53

IF (1Q NE. 100) GO TO 53
DTP = DT



DT = DITRAJ

TPRINT = T
C
C TDGT = T
C
IND = 1
531Q=1Q+ 1
55 | F(1 ND. EQ 0) GO TO 20
IND = 0
GO TO 18
C
80 NMBG = NOUT
| PRTY = 2
ACCP1 = ACCl
CALL ACCEL(G DUL, DV1, DPSI 1, UL, V1, AXX1, AYY1, ACC1)
| F(1 VEH. EQ 0) GO TO 802
ACCP2 = ACC2
CALL ACCEL(G DU2, DV2, DPSI 2, U2, V2, AXX2, AYY2, ACC2)
CALL SAVMAX ( ARRXY1, ARRX1, ARRY1, ARRT1, ARRDV1, ARRPS1, NARRP1,
1 TM TI MEP, AXX1, AYY1, ACCl, ACCP1, DELVS1, ACTST1,
2 ABI GL, AXBI GL, AYBI GL, TBI G1, NUML, | SAV1 , | ACDV1,
3 | PRTY, | STOP)
CALL SAVMAX (ARRXY2, ARRX2, ARRY2, ARRT2, ARRDV2, ARRPS2, NARRP2,
1 TM TI MEP, AXX2, AYY2, ACC2, ACCP2, DELVS2, ACTST2,
2 ABI G2, AXBI G2, AYBI G2, TBI G2, NUM2, | SAV2 , | ACDV2,
3 | PRTY, | STOP)
802 CALL OUTPUT(2)
C CALL PLOTAP(3)

| F(1 TFLGL. EQ 0) GO TO 84
V\RI TE( NOUT, 6025) TREST1, NOL, ULV1E, NOL, PITEM
6025 FORVAT('O At T =',F8.4,' sec, Vehicle ',12," nmoving slowy'/22X,
1 ' Speed =',E13.5,' ft/sec, PSI ',11," D =",El3.5,
2' deg/sec')
| F(1 VEH. NE. 0) GO TO 85
V\RI TE( NOUT, 6026)
6026 FORMAT('0 STOP, this case has one vehicle')
G0 TO 90

84 | F(IVEH EQ 0) GO TO 90
85 | F(1 TFL&. EQ 0) GO TO 90
WRI TE( NOUT, 6025) TREST2, NO2, U2V2E, NO2, P2TEM
| F(I TFLGL. EQ 0) GO TO 90
VRl TE( NOUT, 6028) T
6028 FORVAT(' O STOP AT T=',F8.4,' sec, both vehicles noving slowy")
90 I F(I STOP. EQ 0) GO TO 10

c
C ST 10 REPEATS W TH NEW | NPUT, RETAI NI NG DESI RED OLD | NPUT
c

WRI TE( NOUT, 6080) T, | STOP
6080 FORMAT(' 0 STOP AT ', F9.4,' sec, |STOP =',13)
9999 RETURN

END
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PROGRAM SMACPATH

Ver si on

11-12-97

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
PROGRAM VERSI ON 10- 31-78

THE FOLLOW NG MCDI FI CATI ONS HAVE BEEN MADE TO THE ORI G NAL SOURCE
RECEI VED FROM CALSPAN

MOVE COMMON BLOCK/ CONST/ TO MAI N PROGRAM
USE FILE UNITS 15, 16 FOR | NPUT, OUTPUT

COVWON CONST/ G, RAD, PI, TWOPI , PI O2, PI 32, ND2, ND4, ND8, NI N, NOUT
COVMON / OPTI ONS/ | OPTI ON, DTI NT, STEPPSI , STEPDT, SI NPSI , SI NFREQ,

GAl N, DI SLKAHD, XYTB( 2, 201) , NOUT1, NOUT2

G = 386. 4
RAD = .0174532925
Pl = 3. 1415926536
TWOPI = 2.0 * PI
PIG2 =0.5* Pl
PI32 =1.5* Pl
ND2 =2
ND4 =4
ND8 =8
NIN = 15
NOUT = 16

OPEN ADDI TI ONAL FI LES FOR OPTI ONS
NOUT1 = 17
NOUT2 = 18

OPEN FI LES FOR | NPUT AND QUTPUT

OPEN (UNI T=NI' N, FILE="1NPUT. DAT")

OPEN (UNI T=NOUT, FILE="QUTPUT. DAT', STATUS=" UNKNOVN )
OPEN (UNI T=NQUT1, FILE="VEHL. DAT', STATUS="UNKNOWN )
OPEN (UNI T=NQUT2, FILE="VEH2. DAT', STATUS="UNKNOWN )

CALL SMVAC

CALL SVAC

CLCSE FI LES

CLOSE( NI N)
CLOSE( NOUT)
CLOSE( NOUT1)
CLOSE( NOUT2)

STOP
END



O O 000

O000

SUBROUTI NE QUTPUT( | PRT)

Ver si on 03-03-83

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC

COMMON/ CONST/ G, RAD, Pl , TWOPI , PI G2, Pl 32, ND2, ND4, ND8, NI N, NOUT
COWON | NTE NEQ, T, DT, VAR(12), DER(12)

EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),

1 (VAR(4), PSI 1D), (VAR(5), U1), (VAR(6), V1),
2 (VAR(7), XCP2) , (VAR(8), YCP2), (VAR(9), PSI 2),
3 (VAR(10), PSI 2D), ( VAR(11), U2) , (VAR(12) , V2)

EQUI VALENCE ( DER( 1), DXCP1), ( DER(2), DYCP1), ( DER(3), DPSI 1),
1 (DER(4), DPSI 1D), ( DER(5), DUL) , ( DER(6), DV1),
2 ( DER(7) , DXCP2) , ( DER(8) , DYCP2) , ( DER(9) , DPSI 2)
3 ( DER(10) , DPSI 2D) , ( DER(11), DU2) , ( DER( 12) , DV2)

COWON | NPT/ TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DWN, FVEHO
, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 200, U20, V20,
A1, B1, TRL, FI Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, FI Z2, F\R, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NCQL, NTBLQL, NTQL,
TBTQR, TETQR, TI NOQ, NTBLQ2, NTQ, TI | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1,
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PS| FI ( 4, 201),
XBP(2) , YBP(2) , XMJL, XMU2, CMJ

©CoOo~NOOUO~WNE

COWON | NPT/ DELPS0, DELROD, ALAVB, ZETAV, AKV(2) , AMJ, C0, C1, C2,
PSLMLO, PSLM20, PSLMBO, PSLMA0, PSLNVBO, PSLMBO0, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)

N

COMMON OPTI ONS/ |1 OPTI ON, DTI NT, STEPPSI, STEPDT, SINPSI, S| NFREQ
1 GAI N, DI SLKAHD, XYTB(2,201), NOUT1, NOUT2

COVMON | NTGR/ JCC(4), JCOR(4), NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,
19,J9(361,2), NPSJIB,1PSJB,I3,1LAST,IL,IND1, I|ND2, | NDI
, I NDJ, | STOP, | TZER1, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB,
| COLLP,  COLL, I Q I ND, | VEH, LL, I CTVDI, | TCOL, | TFLGL,
| TFLG2, NVRDB1, NVWRDE1, NVRDB2, NRDEZ2, | COLAC

A WN P

IN COWON / COVP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES
VWH CH ARE EQUI VALENCED TO ARRAYS.

COMMON/ COVP/  DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVMN2, PSI DVA, TPRI NT, DTP,
ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LM6, PSI LMB, PSI LMY,
PSI LMB, EJJ(4, 2), GJJ(4, 2), CLOC2, PSCC, PSI RL, PSI R2,
XCMXC1, XCMXC2, YCMYC1, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
XCPI , YCPI , PSI |, XCPJ, YCPJ, PSI J, XCMXC, YCWC, SPSI J,
CPSI J, XFI, XRI, YSI , XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
XPJ(4), YPI(4), ANGYX, SPAN, PSI BPI (4), PSI BPB, PSI BPF,
FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B,
RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB

Co~NOOR~WNE

COMMON COvP/ PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI ,
PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBMX, RHOBI T, RHOBT,
SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FN1, SPSF,
CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F,
X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNN1,

ArWN P



o000

FNX2, FNY2, FNN2, SFX1, SFY1, SFN1, SFX2, SFY2, SFN2,
SFX1C, SFX2C, SFY1C, SFY2C, SFNLC, SFN2C,
SFX1T, SFX2T, SFY1T, SFY2T, SFNLT, SFN2T, TCOL, TEND,
TREST1, TREST2, TCOLS1, TCOLS2, PLTEM P2TEM ULVLE, U2V2E,
EXTRA( 10)

©oo~NO O

COVMON/ COVPT/ W 8) , XWP(8) , YWP( 8) , FLAGN( 8) , PSI W 8) , TQW(8) ,
TFX, TFY, TMOM PSI RR, COEF, COEF1, COEF2, TRD2, TRD21, TRD22,
XBMXB, FNUM A, B, FI Z, FMASS, XC, YC, U, V, PSI C, PSI CD, UD2,
SGNU, SGNI , AOVB, CSPSI C, SNPSI C, TRCPSC, TRSPSC, TRPSCD,
X', XW YW SX, SY, S, XPP, YPP, RHO, RHOP, XMUS, XMU, PSI , XNUM
XDEN, RATI O, ALFA, F, TI F, FC, FCOS, SMAL, FSMX, FS, BETB, FX, FY
, CSPSI, SNPSI , XCXC, YCYC, SPJ, CPJ, SPI J, CPI J, XFJJ, XRJJ,

YSJJ, E3J1, GIJI, XI CORJ, YI CORJ, NTQ TBTQ TETQ Tl NCRQ

NPSF, TBPSF, TEPSF, TI NCRPC

COWWDN/ TAB/  TRHOB( 361, 2) , TROBMX( 361, 2) , TPSI B( 361, 2)
TCPSI B( 361, 2), TSPSI B( 361, 2) , TXB1(100) , TYB1( 100),
TPSB1(100) , TPRES1( 100)

O~NO U WN P

N -

DI MENSI ON  XCMXCI (2), YOWCI (2), SPSI 1 (2), CPSI | (2), PSLMD( 8) , PSLM 8)
EQUI VALENCE ( XCMXCI (1), XCMXCL) , ( YOWCI (1), YOMYCL), (SPSI | (1), SPSI 1)
1 ,(CPSI'1 (1), CPSI 1), (PSLM)( 1), PSLMLO), ( PSLM 1), PSI LML)

COMMON VDI CON HAS CONSTANTS USED FOR VEHI CLE DAMAGE | NDEX
COMMON/ VDI CON/ EXTFL( 9), EXTRL( 9), EXTBL( 9), PSP1(12),

EXTF2( 9), EXTR2( 9), EXTB2( 9), PSP2(12), NCOL51( 10),
NCOL52( 10) , MM 9)

NN

COMVON OUTPT/ TMOU( 55) , XCPLOU( 55) , YCP1OU( 55) , PSI 10U( 55) , ULOU( 55)
V10U( 55) , PS1DOY( 55) , AX1OU( 55) , AYLOU( 55) , XCP20U( 55) ,
YCP20U( 55) , PSI 20U( 55) , U20U( 55) , V20U( 55) , PS2DOU( 55) ,
AX20U( 55) , AY20( 55) , ALF10U( 55) , ALF20U( 55) , XWP1OU( 55) ,
XWP20U( 55), XWP30U( 55), XWP4OU( 55), XWP50U( 55),
XWP6OU( 55) , XWP7OU( 55), XWP8OU( 55), YWPLOU 55),
YWP20U( 55), YWP3OU( 55), YWP4OU( 55), YWP50U( 55),
YWP6OU( 55), YWP7TOU( 55), YWPSOU( 55), FLAGL( 55),
FLAG2( 55), FLAG3( 55), FLAGA( 55), FLAGS( 55),
FLAGS( 55), FLAG7( 55), FLAG8( 55), ACCLOJ(55), ACC20U( 55)

O©CoO~NOUITAWNBE

COMVON OUTPT / ARRXY1( 10) , ARRX1( 10), ARRY1( 10) , ARRT1( 10) , ARRPS1( 10),
ARRDVL( 10) , ARRXY2( 10) , ARRX2( 10) , ARRY2( 10) , ARRT2( 10) , ARRPS2( 10) ,
ARRDV2( 10) , ABI GL, AXBI GL, AYBI GL, TBI G, DELVS1, ACCL, ACCP1, AXX1,

AYY1, ACTST1, ABl G2, AXBI G2, AYBI G2, TBI G2, DELVS2, ACC2, ACCP2, AXX2,
AYY2, ACTST2, TM TI MEP, NARRP1( 10) , NARRP2( 10) , NUML, NUMR,
| SAV1, | SAV2, | ACDV1, | ACDV2, | PAGE

abhwnNPE

DI MENSI ON PSI WLRF(55), PSI W2RF( 55)
COWON / MOVI E/ - MOVI E, NVBG

DATA NOL/ 1/, NQ2/ 2/
DATA NENDT/ 4HT = /, NSEC/ 4H SEC/ , NPOR/ 4HPOR /, NBLNK/ 4H /

LL =LL + 1
TMOU(LL) = T
XCP1OU(LL) = XCP1/12.
YCP1OU(LL) = YCP1/12.
PSI 10U(LL) = PSI 1/ RAD
ULOU(LL) = Uu1/12.
VIOU(LL) = Vi/12.
PSIDOU(LL) = PS| 1D/ RAD
AXIOU(LL) = AXX1



OO0

oo o

10
1010

C
11

1011

AY1OU(LL) = AYY1
ACCIOU(LL) = ACCL
ALF10U(LL) = ANGLE( UL, V1)/RAD
PSIWLRF(LL) = PSI W 1)/RAD
XWPLOU(LL) = XWP(1)/ 12.
XWP20U(LL) = XWP(2)/ 12.
XWP30U(LL) = XWP(3)/ 12.
XWPAOU(LL) = XWP(4)/ 12.
YWP1OU(LL) = YWP(1)/ 12.
YWP20U(LL) = YWP(2)/ 12.
YWP3OU(LL) = YWP(3)/ 12.
YWP4OU(LL) = YWP(4)/ 12.
FLAGL(LL) = FLAGN1)
FLAG(LL) = FLAGN 2)
FLAG3(LL) = FLAGW 3)
FLAG(LL) = FLAGN 4)

RF =1, LF = 2, RR = 3, LR = 4

| F(1 VEH. EQ 0) GO TO 9

XCP20U(LL) = XCP2/12.

YCP20U(LL) = YCP2/12.

PSI 20U(LL) = PSI 2/ RAD

WOU(LL) = W2/ 12.

V20U(LL) = V2/12.

PS2DOY(LL) = PSI 2D/ RAD

AX20U(LL) = AXX2

AY20J(LL) = AYY2

ACC20J(LL) = ACC2

ALF20U(LL) = ANGLE(U2, V2)/ RAD

PSI VRF(LL) = PSI W 5)/RAD

XWP50U(LL) = XWP(5)/12.

XWP6OU(LL) = XWP(6)/12.

XWP7OU(LL) = XWP(7)/12.

XWPSOU(LL) = XWP(8)/12.

YWP5OU(LL) = YWP(5)/12.

YWP6OU(LL) = YWP(6)/12.

YWP7TOU(LL) = YWP(7)/12.

YWPSOU(LL) = YWP(8)/12.

FLAGS(LL) = FLAGN5)

FLAGG(LL) = FLAGN6)

FLAG7(LL) = FLAGN7)

FLAGB(LL) = FLAGNA8)

IF(LL .LT. 51 .AND. |PRT.LT.2) GO TO 16

PRI NT El THER AT FULL PAGE OR AT A PROGRAMVED STOP
| PAGE = 1

WRI TE( NOUT, 1010) | PAGE, HED, DADE

FORMAT( 1H1, 124X, 4HPAGE, | 3/ 26X, 20A4/ 26X, 20A4/ 58X, 3A4)
IF (I PAGE.LT.1 .OR | PAGE . GT. 5) GO TO 50

GO TO (11, 12,13, 14, 15) , |PAGE

WRI TE( NOUT, 1011) (NOL, I J=1, 8),

1 (TMOU(1), XCP1OU(1), YCP1OU( 1), PSI 10U(1), ULO1),
2 VIOU(1), PSIDOU( 1), AXIOU(1), AYIOU(1), ACCIOU( 1), I =1, LL)

FORMAT(58X, 11HVEHI CLE NO., 12 / 20X, 13HC. G PCSI TI ON, 4X,
1 13HHEADI NG ANGLE, 11X, 10HVELQCI Tl ES, 11X, 16HANGULAR VELOCI TY, 9X,
2 12HACCELERATI ON / 4X, 4HTI ME, 10X, 2HXC, 1 1, 1H , 8X, 2HYC, 11, 1H , 7X
3 3HPSI, 11, 14X, 3HFWD, 9X, 3HLAT, 13X, 3HPSI, | 1, 3HDOT, 11X, 2HAX, | 1,
49X, 2HAY, | 1, 7X, 3HACC, | 1/ 4X, 4HSEC. , 11X, 2HFT, 10X, 2HFT, 8X, 3HDEG, 13X,



5 6HFT/ SEC, 7X, 6HFT/ SEC, 11X, 7HDEG SEC, 12X, 1HG, 11X, 1HG, 10X, 1HG /
6 (F8.4,2X, 2F12. 2, F12. 2, 5X, 2F12. 2, 5X, F12. 2, 5X, 2F12. 2, F11. 2))

C
C ADD ADDI TI ONAL OUTPUT FOR VEHL. DAT
C
WRI TE( NOUT1, 9011)
1 (TMOU(1),
2 YCP1OU( 1) *0. 3048, PSI 10U( 1), PSIWLRF(1), 1 =1, LL)
9011 FORMAT(
6 F8.4,2X, F12.2, 2X, F12. 2, 2X, F12. 2)
C
| PAGE = | PAGE + 1
GO TO 10
C

12 WRI TE( NOUT, 1030) (NOL, | J=1, 3)
1030 FORMAT(' 0', 58X, VEHI CLE NO , 12, (* ASTERI SK | NDI CATES SKI DDI NG
1TIRE)' /5X,' TIME , 7X, ' VELOCI TY VECTOR , 34X, ' TI RE TRACKS(FT)"/
26X,' SEC , 7X,' ATAN(V' ,11,' /U ,12,') DEG,8X 'RF 20X 'LF, 20X 'RR,
320X, ' LR /38X, 3HX1', 8X, 3HY1' , 8X, 3HX2' , 8X, 3HY2' , 8X, 3HX3' ,
48X, 3HY3' , 8X, 3HX4' , 8X, 3HY4")
VR TE( NOUT, 1034) ( TMOU( | ), ALFLOU( 1), XWP1OU( 1), FLAGL(1),
1 YWPLOU( 1), FLAGL(1), XWP20U( 1), FLAG(1), YWP20U( I ),
2 FLAG2(1), XWP30U( 1), FLAG3(1), YWP3QU (1), FLAG3(1),
3 XWP40U( 1), FLAGA(1), YWP4OU( 1), FLAGA(1), 1 =1, LL)
1034 FORMAT(1X, F9. 3, 4X, F12. 3, 8X, F8. 1, A2, 1X, F8. 1, A2, 1X, F8. 1, A2, 1X,
1 F8.1, A2, 1X, F8.1, A2, 1X, F8.1, A2, 1X, F8.1, A2, 1X, F8.1, A2)
| PAGE = | PAGE + 1
| F(1 VEH. NE. 0) GO TO 10
| F(1 PRT. GE. 2) GO TO 45

LL =0
RETURN
C
13 WRI TE( NOUT, 1011) (N2, 1J=1, 8),
1 (TMOU( 1), XCP20U( 1), YCP20U(1), PSI 20U(1), W20U1),
2 V20U(1), PS2DOU( 1), AX20U( 1), AY20U( 1), ACC20U( 1), I =1, LL)
C
C ADD ADDI TI ONAL OUTPUT FOR VEH2. DAT
C
WRI TE( NOUT2, 9011)
1 (TMOU(1),
2 YCP20U( 1) *0. 3048, PSI 20U( 1), PSI V@RF(1), I =1, LL)
C
| PAGE = | PAGE + 1
GO TO 10
C
14 WRI TE(NOUT, 1030) (NO2, IJ=1, 3)
VRl TE( NOUT, 1034) ( TMOU( | ), ALF20U( 1) , XWP50U( 1 ) , FLAGE(1),
1 YWP5OU( 1), FLAGE( 1), XWP6OU( 1), FLAGS(1), YWP6OU( 1),
2 FLAGB( 1), XWP7OU( 1), FLAG7(1), YWP7TQU (1), FLAG7(1),
3 XWPBOU( 1), FLAGB( 1), YWPSOU( 1), FLAGS(1), 1 =1, LL)
| PAGE = | PAGE + 1
15 LL = 0
16 IF( IPRT.GE.2 .OR. MOVIE.NE.O ) GO TO 19
RETURN
C
C
ENTRY OUTDI S

PSI 1TM = PSI 1/ RAD
PS1DTM = PSI| 1D/ RAD

PSI 2TM = PSI 2/ RAD
PS2DTM = PSI 2D/ RAD

| F(1 PAGE - 5) 141, 140, 50



140

141

WRI TE( 6, 1010) | PAGE, HED, DADE
| PACE = 0
WRI TE( 6, 1012) T, XCP1, YCP1, PSI 1TM PS1DTM XCP2, YCP2, PSI 2TM PS2DTM

1012 FORMAT(//,6H TI ME=, F8. 4, 4H SEC, 5X, 7TH XCPl=, E14.6, 3H I N,

C

1 7H, YCPl=, El14.6,3H IN, 7H, PSI 1=, E14. 6, 4H DEG, 8H, PSI 1D=, E14. 6,
2 4H DEG 23X, 7H XCP2=, E14. 6, 3H I N,

3 7H, YCP2=, E14.6,3H IN, 7H, PSI 2=, E14. 6, 4H DEG 8H, PSI2D=, E14. 6,
4 4H DEG)

VWRI TE( 6, 1021) DXCP1, DYCP1, DU1, DV1, DXCP2, DYCP2, DU2, DV2

1021 FORMAT(23H VALUES AFTER RK STEP 4,

1 7H DXCP1=, E14. 6, 3X, 7H DYCP1=, E14. 6, 3X, 5H DUl1=, E14. 6,
2 3X,5H DVi1=,E14.6 /
3 23X, 7H DXCP2=, E14. 6, 3X, 7TH DYCP2=, E14. 6, 3X, 5H DU2=, E14. 6,

4 3X,5H DV2=, E14.6 )
VR TE( 6, 1019)

1019 FORMAT(120H USI NG ENTRY QUTDI S. FI RST TWO COLUWNS OF VDI ARE SET

c

o000

19

45
453
454

1036

455

456
460
461

462

465

1020

12
14

16
17

18

1 FROM | NCOVPLETE | NFORMATI ON( NARRP  ZERO AND ARRPS NOT ORDERED) )

CALL QUT2(I PRT)
| F(1 PRT .LT. 2) RETURN

VWHEN MOVI E. NE. 0, OUT2 CALLS RNGDAM TO PREPARE DAMAGE TABLES
FOR VRI TI NG VDl 1S COMPUTED ONLY AT END OF RUN.

TEND = T - TCOL

| F(1 TFLGL) 454, 455, 454

NVRDB1 = NPOR

NWRDE1 = NBLNK

WRI TE( 6, 1036) NOL, NENDT, TEND, NSEC, N\RDB1

FORMAT(13HO VEHI CLE NO, 12, 10H, ELAPSED , A4, F8. 4, A4, 5X, A4)
@O TO 456

NWRDB1 = NENDT

NWRDE1 = NSEC

VRI TE( 6, 1036) NOL, NVRDB1, TEND, NVRDE1

| F(1 VEH) 460, 465, 460

| F(1 TFL&) 461, 462, 461

NWRDB2 = NPOR

NWRDE2 = NBLNK

WRI TE( 6, 1036) NO2, NENDT, TEND, NSEC, NWRDB2
GO TO 465

NWRDB2 = NENDT
NWRDE2 = NSEC

WRI TE( 6, 1036) NC2, N\RDB2, TEND, NVRDE2

RETURN

| STOP = 50

VRl TE(6, 1020) T, | STOP

FORMAT( 3HOAT, F8. 3, 12HSEC., | STOP=, |4)
RETURN

END

FUNCTI ON ANGLE( X, Y)

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
COVMON/ CONST/ G, RAD, Pl , TWOPI , PI @2, Pl 32, ND2, ND4, ND8, NI N, NOUT
I F(X) 60,12, 20
IF(Y) 14, 16,18
ANGLE = PI 32
RETURN
VR TE( NOUT, 17)

FORMAT(43H0 X=Y=0.0, THUS ANGLE | S UNDEFI NED. SET=0. 0)
ANGLE = 0.0

RETURN

ANGLE = Pl (2



(oNQ)

20

26

60
62

66

1
2
3

Co~NoOOR~WNE WN P

N -

Co~NOUO~WNE AWN P

~NOoO U WNPE

RETURN
ANGLE = ATAN(Y/ X)

I F(Y) 26, 80, 80

ANGLE = ANGLE + TWOP
RETURN

IF(Y) 66,62, 66

ANGLE = Pl

RETURN

ANGLE = ATAN(Y/X) + P
RETURN

END

SUBROUTI NE QUT2( | PRTX)
S| MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
COVVON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
COVMON/ | NTG NEQ T, DT, VAR( 12) , DER( 12)
EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),
(VAR(4), PSI 1D), (VAR(5), U1), (VAR(6), V1),
(VAR(7), XCP2), (VAR(8), YCP2) , (VAR(9), PSI 2),
(VAR(10), PSI 2D), (VAR(11), U2), (VAR(12), V2)
EQUI VALENCE (DER(1), DXCP1), ( DER(2), DYCP1), (DER(3), DPSI 1),
(DER(4), DPSI 1D), ( DER(5), DUL) , ( DER(6), DV1),
( DER(7) , DXCP2) , ( DER(8) , DYCP2) , ( DER(9), DPSI 2),
( DER( 10) , DPSI 2D) , ( DER(11) , DU2) , ( DER(12) , DV2)
COMMON/ | NPT/ TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DVN, FVEHO
, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 2D0, U20, V20,
A1, B1, TRL, Fl Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, Fl 72, FMR, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NOQL, NTBLQL, NTQL,
TBTQR, TETQR, TI NCQ2, NTBLQ, NTQ2, TI | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PSI FI ( 4, 201),
XBP(2), YBP(2), XMUL, XMJ2, CMJ
COVMON/ | NPT/ DELPSO, DELRQD, ALAMB, ZETAV, AKV( 2) , AMJ, €0, C1, C2,
PSLMLO, PSLM20, PSLMBO, PSLMA0, PSLNVEO, PSLMGO0, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)
COVVON/ | NTGR/ JCC( 4) , JCOR( 4) , NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,
19,J9(361,2), NPSJIB,|PSIB,13,1LAST,IL, |NDL, I ND2, | ND
, I NDJ, | STOP, | TZERL, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB
| COLLP, I COLL, I Q I ND, | VEH, LL, I CTVDI, | TCOL, | TFLGL,
| TELG2, N\RDB1, NVRDEL, NVIRDB2, NVIRDE2, | COLAC
IN COWDON / COVP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES
WH CH ARE EQUI VALENCED TO ARRAYS
COWON COMP/  DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVMN2, PSI DVA, TPRI NT, DTP
ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LMVG, PSI LMB, PSI LM,
PSI LMB, EJJ( 4, 2), GJJ(4, 2), CLOC2, PSCC, PSI R1, PSI R2,
XCMXCL, XCMXC2, YCMYCL, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
XCPI, YCPI , PSI |, XCPJ, YCPJ, PSI J, XCMXC, YOMYC, SPSI J,
CPSI J, XFI, XRl, YSI, XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
XPJ(4), YPI(4), ANGYX, SPAN, PSI BPI ( 4), PSI BPB, PSI BPF
FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B
RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB
COVMMON/ COVP/ - PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI
PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBVX, RHOBI T, RHOBT,
SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FN1, SPSF
CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F
X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNNL
FNX2, FNY2, FNN2, SFX1, SFY1, SFN1, SFX2, SFY2, SFN2,
SFX1C, SFX2C, SFY1C, SFY2C, SFNIC, SFN2C,
SFX1T, SFX2T, SFYLT, SFY2T, SFNLT, SFN2T, TCOL, TEND,



00

0O

0O00000000

17
18
20

23

8 TREST1, TREST2, TCOLS1, TCOLS2, PLTEM P2TEM ULVLE, U2V2E,
9 EXTRA( 10)
DI MENSI ON  XCMXCI (2), YOWCI (2), SPSI 1 (2), CPSI | (2), PSLM)( 8) , PSLM 8)
EQUI VALENCE ( XCMXCI (1), XOMXCL) , ( YCMWYCI (1), YCWYCL), (SPSI | (1), SPSI 1)

1 , (CPSI'1 (1), CPSI 1), (PSLM)( 1), PSLMLO), ( PSLM 1), PSI LML)
COWON TAB/  TRHOB( 361, 2) , TROBMX( 361, 2) , TPSI B( 361, 2),

1 TCPSI B( 361, 2), TSPSI B( 361, 2), TXB1(100), TYBL( 100),

2 TPSB1(100) , TPRES1( 100)

COVVON VDI CON HAS CONSTANTS USED FOR VEHI CLE DAMAGE | NDEX
COMMON/ VDI CON EXTFL( 9), EXTRL( 9), EXTBL( 9), PSP1(12),
EXTF2( 9), EXTR2( 9), EXTB2( 9), PSP2(12), NCOL51( 10),
NCOL52( 10) , MMM 9)
COMMON/ QUTPT/ TMOU( 55) , XCP1OU( 55) , YCP1OU( 55) , PSI 10U( 55) , ULOU( 55)
V10U( 55) , PS1DOY( 55) , AX1OU( 55) , AYLOU( 55) , XCP20U( 55) |,
YCP20U( 55) , PSI 20U( 55) , U20U( 55) , V20U( 55) , PS2DOU( 55) ,
AX20U( 55) , AY20U( 55) , ALF10U( 55) , ALF20U( 55) , X\WPLOU( 55) ,
XWP20U( 55), XWP30U( 55), XWP4OU( 55), XWP50U( 55),
XWP6OU( 55), XWP7OU( 55), XWP8OU( 55), YWP1OUY( 55),
YWP20U( 55), YWP3OU( 55), YWP4OU( 55), YWP50U( 55),
YWP6OU( 55), YWP7TOU( 55), YWPSOU( 55), FLAGL( 55),
FLAG2( 55), FLAG3( 55), FLAGA( 55), FLAGS( 55),
FLAGB( 55), FLAG7( 55), FLAG8( 55), ACCLOU( 55), ACC20U( 55)
COMMON/ QUTPT / ARRXYZ1( 10) , ARRX1( 10) , ARRY1( 10) , ARRT1( 10) , ARRPS1( 10),
ARRDV1( 10) , ARRXY2( 10) , ARRX2( 10) , ARRY2( 10) , ARRT2( 10) , ARRPS2( 10) ,
ARRDV2( 10) , ABI GL, AXBI GL, AYBI GL, TBI GL, DELVS1, ACC1, ACCP1, AXX1,
AYY1, ACTST1, ABl G2, AXBI G2, AYBI G2, TBI G2, DELVS2, ACC2, ACCP2, AXX2,
AYY2, ACTST2, TM TI MEP, NARRP1( 10) , NARRP2( 10) , NUML, NUMR,
| SAVL, | SAV2, | ACDV1, | ACDV2, | PAGE
COVVON / MOVI B/ MOVI E, NVBG
COMMON/ QUTPT1/ X10U( 361) , X20U( 361) , YIOU( 361) , Y20U( 361) , RLOU( 361)
R20U(361) , PSB1OU(361) , PSB20U( 361) , ASTRL(361) , ASTR2( 361)
, PSI ML( 10) , | NPSML( 10) , | KD11( 10), | KD21( 10), | RNGL, | K1,
| WVRAPL, PSI M2( 10) , | NPSM2( 10) , | KD12( 10), | KD22( 10) , | RNG2, | K2,
| WRAP2, NCOL11( 10) , NCOL12( 10) , NCOL21( 10) , NCOL22( 10) ,
NCOL31( 10) , NCOL32( 10) , NCOL41( 10) , NCOL42( 10)
NCOL61( 10) , NCOL62( 10) , NCOL71( 10) , NCOL72( 10)
, PSD11( 10) , PSD21( 10) , PSD12( 10) , PSD22( 10) , DVVDI 1( 10),
DWDI 2( 10)
DI MENSI ON OUTPO( 3876)
EQUI VALENCE( OUTPO (1), X10U(1))

abhwNPE Co~NOOR~WNE NN

O~NO U WN P

| F(1 CTVDI) 23, 18, 23
DO 20 =1, 3876
OQUTPO(1) = 0.0
N6 = NOUT
| F(MOVI E. EQ 0) GO TO 23
PAGE HEADI NG FOR BEG NNI NG OF EXTRA DATA SET FT02
WRI TE( NVBG, 1010) | PAGE, HED, DADE
ICTVDl = 1

1J =1

| F(I PRTX. LT. 2) GO TO 232
| PRTX EQ 2 SIGNI FIES END OF RUN. PASSED FROM SUBROUTI NE OQUTPUT
CALL DAMAGE ONLY AT END OF RUN
SAVMAX DOES SOMVE SPECI AL PROCESSI NG AT END OF RUN ONLY.
I PRTX EQ 1 AT THIS PO NT WHEN MOVI E NE 0, OR OQUTDI S CALLED.
MOVI E NE O PUTS DAMAGE TABLES ON TAPE AT EACH TI ME PO NT, AND
WRI TES ON EXTRA DATA SET FT02 (NVBG=2, THEN NM5G=6 WHEN | PRTX=2)



OO0

O0000

@

00

TEMPORARY MESSAGE
WRI TE( NOUT, 620)
620 FORMAT(80HO MESSAGE FROM SUBROUTI NE OUT2, REFERRI NG TO VALUES OBTAI
XNED | N SUBROUTI NE SAVMAX)
| F(NUML) 230, 230, 231
230 WRI TE(NOUT, 623) |J, NUML
623 FORMAT(9H VEH.NO, 12, 35H, NUVBER OF MAX ACCEL .GE. 1.0 G =, 13,
1 37H, DO NOT COMPUTE VEH CLE DAMAGE | NDEX)
NUML =0 | MPLIES RIG D BARRIER, WTH NO ACCEL .GE. 1.0 G
AVO D VDI COMPUTATI ON FOR CASES WHERE THERE |'S NO
ACCELERATION . GE. 1.0 G SIM LARLY FOR VEH 2
GO TO 232
231 WRI TE(NOUT , 621) (ARRTL(1), ARRXY1(1), ARRXL(1), ARRY1(1), ARRPSL(1),
1 NARRP1( 1), ARRDVL(1), I=1, NUML)
621 FORMAT(120HO  ARRT1 ARRXY1 ARRX1
1 ARRY1 ARRPS1( RAD) NARRP1 ARRDV1( MPH) /
2 (F9. 4, 4E20.6, 18, E20.6))

232 CALL RNGDAM TRHOB( 1, 1), TPSI B( 1, 1), TCPSI B( 1, 1),
1 TSPSI B( 1, 1), J9( 1, 1), RLOU, PSB1OU, X10U, Y10U, ASTR1, PSP1, PSD11,
2 PSD21, PSI ML, | NPSML, | KD11, | KD21, NARRPL, NUML, | K1, | RNGL, | WRAP1,
3 1 J, 1 STOP, NDTAB, DELPSI , XF1, XR1, YS1, NMSG, | PRTX)
RADI AN VALUES FOR PSB10U, PSI ML, PSD11, PSD21, PSB20U, PSI M2,
PSD12, PSD22 RETURNED FROM SUBROUTI NE RNGDAM
| KI=NO. OF ENTRI ES | N RLOU, PSB10U, X10U, Y1OU, ASTRL
NUML=NO. OF ENTRI ES | N NARRP1
| RNGL=NO. OF ENTRI ES I N PSI ML, | NPSML, | KD11, | KD21, PSD11, PSD21
| F(1 PRTX. LT. 2) GO TO 240
| F(NUML) 239, 240, 239
SUBROUTI NE DAMAGE W LL SET STANDARD CODE
239 CALL DAMAGE( PSI ML, | RNGL, PSP1, PSB10OU, X10U, Y10U, ASTRL,
1 | KD11, | KD21, | K1, EXTF1, EXTRL, EXTB1, XF1, XRL, YS1,
2 NCOL31, NCOL41, NCOL61, NCOL71, MW | STOP, PSD11, PSD21, ARRPSL, | NPSML,
3 1J)

240 1J = 2
| F(1 PRTX. LT. 2) GO TO 243

TEMPORARY MESSAGE
VRl TE( NOUT, 620)
| F(NUMR) 241, 241, 242
241 WRI TE(NOUT, 623) |J, NUMR

GO TO 243
242 WRI TE(NOUT , 622) (ARRT2(1), ARRXY2(1), ARRX2(1), ARRY2(1), ARRPS2(1),
1 NARRP2( 1), ARRDV2(1), I=1, NUMR)
622 FORMAT(120HO  ARRT2 ARRXY?2 ARRX2
1 ARRY2 ARRPS2( RAD) NARRP2 ARRDV2( MPH) /
2 (F9.4,4E20.6, |8, E20.6))
243 CALL RNGDAM TRHOB( 1, 2) , TPSI B( 1, 2), TCPSI B( 1, 2),
1 TSPSI B(1, 2),J9( 1, 2) , R2OU, PSB20U, X2QU, Y20U, ASTR2, PSP2, PSD12,
2 PSD22, PSI M2, | NPSM2, | KD12, | KD22, NARRP2, NUMR, | K2, | RNG2, | WRAP2,
3 | J, 1 STOP, NDTAB, DELPSI , XF2, XR2, YS2, NVBG, | PRTX)

| F(1 PRTX. LT. 2) GO TO 248
| F(NUMR) 247, 248, 247
247 CALL DAMAGE( PSI M2, | RNG2, PSP2, PSB20U, X20U, Y20U, ASTR2,
1 | KD12, | KD22, | K2, EXTF2, EXTR2, EXTB2, XF2, XR2, YS2,
2 NCOL32, NCOL42, NCOL62, NCOL72, MW | STOP, PSD12, PSD22, ARRPS2, | NPSM2,
3 1J)

248 | F( | PAGE - 5) 27,26,50
26 R TE(NVBG, 1010) | PAGE, HED, DADE



1010 FORMAT( 1HL, 124X, 4HPAGE, | 3/ 26X, 20A4/ 26X, 20A4/ 58X, 3A4)
| PAGE EQ 5 HERE AT END OF RUN, OR AFTER FULL PAGES PRI NTED,
SO PRI NT HEADI NG
I PAGE IS LESS THAN 5 AT TH'S PO NT WHEN ENTRY OUTDI S | S USED.
| PAGE ALSO . LT.5 HERE WHEN MOVI E NE O
27 IF(1PRTX. LT.2) WRI TE(NMSG, 1011) T
1011 FORMAT(12HO  TIME = , F8.4)
WRI TE( NVBG, 1013) 1K1, | K2
1013 FORMAT( 51X, 14HDAMAGE SUMVARY, 2X, 29H( DI SPLACED PO NTS, * J PO NT
1) /26X, 13HVEH CLE NO. 1, 52X, 13HVEHI CLE NO. 2/ 26X, 15, 7H POl NTS, 53X,
115, 7H PONTS/ 10X, 5HRHOB1, 7X, 5HPSI B,
29X, 2HX1, 10X, 2HY1, 25X, SHRHOB2, 7X, 5HPSI B2, 9X, 2HX2, 10X, 2HY2 /
3 10X, 6H NCHES, 7X, 3HDEG, 8X, 6H NCHES, 6X, 6HI NCHES, 23X, 6H NCHES,
4 7X, 3HDEG, 8X, 6HI NCHES, 6X, 6H NCHES )
IF(IKL - 1K2) 28,30, 32

O000

28 LK = IK1
KK = LK + 1
LKK = | K2
LCO = LKK
@O TO 34

30 LK = | K1
KK =0
LKK = 0
LCO = LK
&0 TO 34

32 LK = | K2
IKK = LK + 1
LKK = | K1
LCO = LKK

34 DO 340 | =1,1K1
340 PSB1OU(1) = PSB1OU(1) /RAD
DO 341 | =1, | K2
341 PSB20U(1) = PSB20U(1) /RAD
| F (LK) 35,350, 35
35 WRI TE( NVBG, 1014) (ASTRL(1J), RLOU(1J), PSBLOY(1J), X1OU(1J), YIOU(1J),
X ASTR2(1J), RROU(1J), PSB20U( 1 J), X20U( I J) , Y20U( 1 J)
X 1 J=1, LK)
1014 FORMAT(2X, Al, 1X, 2F12. 3, 2F12. 4, 15X, Al, 1X, 2F12. 3, 2F12. 4)
350 | F(LKK) 36, 40, 36
36 | F(LKK- 1 K1) 39, 37, 39
37 WRI TE(NVBG, 1016) ( ASTRL(1J), RLOU(1J), PSB1OY(1J), X1OU(1J), YIOU(1J),
X I J=1 KK, LKK)
1016 FORMAT(2X, Al, 1X, 2F12. 3, 2F12. 4)
GO TO 40
39 WRI TE(NVBG, 1018) (ASTR2(1J), RROU(1J), PSB20U( 1 J), X20U(1J), Y20U( 1 J),
X | J=1 KK, LKK)
1018 FORMAT( 67X, AL, 1X, 2F12. 3, 2F12. 4)
C
40 IF(IRNGL - | RNG2) 41, 42,43
41 LR = | RNGL

IRR=LR+ 1
LRR = | RN&
LCO = LCO + LRR
GO TO 44

42 LR = I RNGL
IRR =0
LRR =0
LCO = LCO + LR
GO TO 44

43 LR = I RN&2
IRR=LR+ 1

LRR = | RNGL



LCO = LCO + LRR
LCO COUNTS POSSI BLE LI NES FOR DAMAGE ARRAYS
COVPARE TO 45, ALLOAN NG 15 LI NES FOR HEADI NGS.
44 | F(LCO - 45) 442, 440, 440
| PAGE | S LESS THAN 5 | F THE ENTRY QUTDI S WAS USED,
OR MOVIE NE O

440 | F(1 PAGE-5) 442,441, 441
441 | PAGE = 6

WRI TE( NVSG, 1010) | PAGE, HED, DADE

| PAGE = 0
442 | F(1 PRTX-2) 4421, 4422, 4422
4421 VARl TE( NMSG, 1030) | RNGL, | RN&2
1030 FORMAT(5X, 6H RNGL=, | 3, 5X, 6H RNG2=, | 3)

RETURN

C VDI NOT COMPUTED WHEN | PRTX LT 2
C

o0 00

4422 WRI TE(NOUT, 1022) | RNGL, | RNG2
1022 FORMAT( 1HO, 25X, 13HVEH CLE NO. 1, 52X, 13HVEHI CLE NO. 2/ 28X, 13, 7H RA
INGES, 55X, 1 3, 7H RANGES / 8X, 5HBEG N, 13X, 3HEND, 7X, 8HM DPQI NT, 2X,
210HVEH. DAMAGE, 3X, 3HVEL, 12X, SHBEG N, 13X, 3HEND, 7X, 8HM DPOl NT, 2X,
310HVEH. DAMAGE, 3X, 3HVEL  / 4X, 5SHRHOB1, 3X, 5HPSI B1, 4X, 5SHRHOBL, 3X,

45HPSI B1, 5X, 5HPSI ML, 4X, 5H NDEX, 3X, 7THDELTA V,  7X, 5HRHOB2, 3X, 5HPS| B2
5, 4X, 5HRHOB2, 3X, 5HPSI B2, 5X, 5SHPSI M2, 4X, 5HI NDEX, 3X, 7HDELTA V. /
6 4X, 6H NCHES, 3X, 3HDEG, 5X, 6H NCHES, 3X, 3HDEG, 7X, 3HDEG, 15X, 3HVPH,
7 9X, 6HI NCHES, 3X, 3HDEG, 5X, 6H NCHES, 3X, 3HDEG, 7X, 3HDEG, 15X, 3HVPH )
CALLS TO ENTRY OUTDI S HAVE NOT COMPLETED RESULTS FOR FI RST TWO
COLUMNS OF VDI
| F(NUML) 62, 61, 62
61 NCOL51(1) = 0
I NTEGER SHOULD NOT BE PRI NTABLE W TH FORMAT A
DWDI 1(1) = ARRDVL(1)
ASSUME ONLY THE FI RST DELTA V FROM SUBROUTI NE SAVMAX HAS VALUE.
ASSUME | RNGL = 1 WHEN NUML = O
NARRP AND | NPSM NOT EVALUATED WHEN NUMEO ( SUBROUTI NE RNGDAM)
GO TO 80
62 DO 75 |=1, | RNGL
JNCOL = | NPSML( 1)
CALL NCOLDV( NARRP1, ARRDV1, MM NUML, JNCOL, | STOPP, NCOL1, NCOL2, DVSUM)
| F(1 STOPP) 67, 69, 67
67 | STOP = 70
NCOL = NARRPL(JNCOL)
68 WRI TE( NOUT, 680) | STOP, NCOL
680 FORMAT(8HO | STOP=, | 3, 5X, 6H NCOL=, | 3)

00

o000 O

GO TO 75

69 NCOL11(1) = NCOL1
NCOL21(1) = NCOL2
DWDI 1(1) = DVSUM

75 CONTI NUE

80 | F(NUMR) 82, 81, 82

81 NCOL52(1) = 0
DWDI 2(1) = ARRDV2(1)
GO TO 96

82 DO 95 | = 1,1 RN&

JNCOL = | NPSM2( 1)
CALL NCOLDV( NARRP2, ARRDV2, MVM NUMR, JNCOL, | STOPP, NCOL1, NCOL2, DVSUM)
| F(1 STOPP) 87, 89, 87
87 ISTOP = 71
NCOL = NARRP2( JNCOL)
WRI TE( NOUT, 680) | STOP, NCOL

GO TO 95
89 NCOL12(1) = NCOL1
NCOL22(1) = NCOL2



DWDI 2(1) = DVSUM
95 CONTI NUE
IF NUML OR NUM2 =0, THE VDI FOR THAT VEHI CLE |'S NOT
COVPUTED, AND SHOULD CONTAI N | NTEGER 0, NOT PRI NTABLE
IRNGL |'S PROBABLY =1 WHEN NUML=0. STORE ONLY DWVDI 1(1)
SIM LARLY FOR VEHI CLE 2 | F NUM2=0.
96 DO 97 =1, | RNGL
97 PSIML(1) = PSIML(1)/RAD
DO 99 | =1, | RNG2
99 PSIM2(1) = PSIM2(1)/RAD
| F(LR) 443, 445, 443
443 WRI TE( N6, 1024) (ASTRL(1 KD11(1J)), RLOU(| KD11(1J)), PSB1OU( | KD11( |
ASTRL(1KD21(1J)), RLOU( | KD21(1J)), PSB1OU( | KD21( |
PSI ML(1J), NCOL11(1J), NCOL21(1J), NCOL31(1J),
NCOL41(1J), NCOL51(1J), NCOL61(1J), NCOL71(1J), DWDI 1(1J),
ASTR2(1 KD12(1J)), RROU( 1 KD12(1J)), PSB20U( | KD12(1J)),
ASTR2(1 KD22(1J)), RROU( 1 KD22(1J)), PSB20U( | KD22(13J)),
PSI M2(1J), NCOL12(1J), NCOL22(1J), NooL32(1J),
NCOL42(1J), NCOL52( 1 J), NCOL62(1J), NCOoL72(1J),
DWDI 2(1J), 1J=1,LR)
1024 FORMAT(1X, AL, F7. 2, F8. 2, 2X, Al, F7. 2, F8. 2, 1X, F8. 2, 3X, 7AL, 2X, F7. 2,
1 4X, Al, F7.2, F8. 2, 2X, AL, F7. 2, F8. 2, 1X, F8. 2, 3X, 7AL, 2X, F7. 2)
445 | F(LRR) 446, 45 , 446
446 | F(LRR- |1 RNGL) 448, 447, 448
447 WRI TE(N6, 1026) (ASTRL(1 KDL11(1J)), RLOU(| KD11(1J)), PSB1OU(I KD11(1J)),
ASTRL(1 KD21(1J)), RLOU( I KD21(1J)), PSB1OU( | KD21(1J)),
PSI ML(1J), NCOL11(1J), NCOL21(1J), NCOL31(1J),
NCOL41(1J), NCOL51(1J), NCOL61(1J), NCOL71(1J),
DWDI 1(1J), 1J=IRR LRR)
1026 FORMAT(1X, Al, F7.2, F8. 2, 2X, Al, F7. 2, F8. 2, 1X, F8. 2, 3X, 7Al, 2X, F7. 2)
GO TO 45
448 WRI TE(N6, 1028) (ASTR2( 1 KD12(1J)), RROU( | KD12(1J)), PSB20U(1 KD12(1J)),
ASTR2(1 KD22(1J)), RROU( 1 KD22(13)), PSB20U( | KD22(1J)),
PSI M2(1J), NCOL12(1J), NCOL22( 1 J), NooL32(1J),
NCOL42(1J), NCOL52( 1 J), NCOL62(1J), NooL72(1J),
DWDI 2(1J), 1J=IRR LRR)
1028 FORMAT(67X, AL, F7. 2, F8. 2, 2X, Al, F7. 2, F8. 2, 1X, F8. 2, 3X, 7Al, 2X, F7. 2)
45 RETURN
50 | STOP = 51
WRI TE( NOUT, 1020) T, |STOP
1020 FORMAT( 3HOAT, F8. 3, 12HSEC., | STOP=, 14)
RETURN
END
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SUBROUTI NE ACCEL (G DU ,DV ,DPSI , U,V , AXX , AYY , ACC )

AXX = (DU -V*DPSI)/ G

AYY = (DV + U*DPSI)/ G

ACC = SQRT(AXX**2 + AYY**2)

RETURN

END

SUBROUTI NE SAVMAX ( ARRXY , ARRX , ARRY , ARRT , ARRDV , ARRPSI , NARRPS,
TM TI MEP, AXX , AYY , ACC , ACCP , DELVS , ACTST ,
ABI G , AXBI G , AYBI G , TBI G , NUM , | SAVE , | ACDV ,
| PRTX, | STOP)

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC

SAVES THE MAXI MA OF ACCELERATI ON CORRESPONDI NG TO | MPACT.
SAVES THOSE MAXI MA WHI CH ARE FOLLOWED BY RESULTANT ACCELERATI ON
ACC = SQRT(AX1OU**2 + AY1OU**2) LESS THAN 1. G AND THEN FOLLOWED
BY RESULTANT ACCELERATI ON GREATER THAN 1. G

AT END OF RUN ARRANGE | N ORDER OF DECREASI NG MAXI MA,

AND COVPUTE ANGLES AND | NDI CES FOR DI RECTI ON OF FORCE AT
PRI NCI PAL | MPACT.

ALSO CONVERT ARRDV TO MPH FROM G* SEC

CALLS SUBROUTI NE DELTAV, WHI CH COMPUTES DELVS, ACTST, | ACDV

DI MENSI ON ARRXY( 1) , ARRX( 1) , ARRY( 1) , ARRT( 1), ARRPSI ( 1) , NARRPS( 1)
DI MENSI ON ARRDV( 1)
DATA TWOPI / 6. 2831853072/, Pl 06/ 0. 5235987756/
SAVPLE CALL
CALL SAVMAX ( ARRXY1, ARRX1, ARRY1, ARRT1, ARRDV1, ARRPSL, NARRPL,
TM TI MEP, AXX1, AYY1, ACCL, ACCP1, DELVS1, ACTST1,
ABI GL, AXBI GL, AYBI GL, TBI GL, NUML, | SAVL , | ACDV1,
| PRTY, | STOP)

USES AXX, AYY, ACC, TM | PRTX. SUBROUTI NE DELTAV ALSO USES ACCP, Tl MEP
RETURNS ABI G, AXBI G, AYBI G TBI G, NUM | SAVE
AND ARRAYS ARRXY, ARRX, ARRY, ARRT, ARRDV, ARRPSI , NARRPS.
RETURNS DELVS, ACTST, | ACDV WH CH ARE COVPUTED | N SUBROUTI NE DELTAV
* * * * * * * * * * * * * * * * * * * * *
CALLI NG PROGRAM MUST ZERO | SAVE, NUM DELVS
SET ABI G LE. -1. E10 AND SET | PRTX. LE. 1 BEFORE FI RST CALL TO SAVNVAX
ALSO SET TMETO AND TI MEP=TO BEFCORE FI RST CALL TO SAV
* * * *

* * * * * * * * * * * * * * * * *

DATA CONVER/ 21. 9546/

CONVER CONVERTS ACCELERATI ON*SEC I N G*SEC TO MPH
DELVS IS VELOCI TY CHANGE OF PASSENGER COMPARTMENT DURI NG COLLI SI ON
DELVS | S COVWPUTED | N SUBROUTI NE DELTAV AND | S STORED | N ARRAY
ARRDV | N SUBROUTI NE SAVNMAX TO CORRESPOND TO MAX ACCEL AND TO VDI
AT END OF RUN, ARRDV | S CONVERTED TO MPH (DELVS | S G*SEC)

I ACDV = 1,2,3 FOR COVPARI SON COF CONSI STENT DOM NANT COVPONENTS
I N ACCELERATI ON FOR ACCUMULATI NG DELVS | N SUBROUTI NE DELTAV

I ACDV=0 FOR ACC. LE. 1.0, I ACDV=-10 FOR SUDDEN FLI P

ACTST HAS VALUE PLUS OR M NUS ONE, OR ZEROQ, USED TO COVPARE

DI RECTI ON OF ACCELERATI ON

CALL DELTAV (TM TI MEP, AXX, AYY, ACC, ACCP, DELVS, ACTST, | ACDV, ABI §)
| F(1ACDV + 10) 9,26, 9

| F(1 SAVE) 15, 10, 15

IF(ACC - ABIG 15,1511

| F(ACC - 1.0) 30,30, 13

ABI G = ACC
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AXBI G = AXX

AYBI G = AYY

TBIG = T™

GO TO 30

| F(ACC - 1.0) 18,18, 25
| SAVE = 1 FOR FI RST OCCURRENCE OF RESULTANT .LE. 1.G AFTER MAX.
| SAVE = 0 | NDI CATES RESULTANT .LE. 1.G NOT YET DETECTED AFTER MAX
| F(1 SAVE) 30, 19, 30

| SAVE = 1

GO TO 30

| F(1 SAVE) 26, 30, 26

NUM = NUM + 1

| F(NUM - 10) 28, 28, 27
WRI TE( 6, 6127) TM TBI G, NUM

FORMVAT(10HO AT TI ME=, E14. 6, 23H EXAM NE MAX FOR TIME =, E14.6 /
1 5X, 12HBECAUSE NUME, | 3, 16H RESET NUM TO 10)
NUM = 10

GO TO 37

ARRXY(NUM) = ABI G

ARRX(NUM) = AXBI G

ARRY(NUM = AYBI G

ARRT(NUM) = TBI G

ARRDV(NUM) = DELVS

ABI G = ACC

AXBI G = AXX

AYBI G = AYY

TBIG = T™

DELVS = 0.0

CALL DELTAV (TM TI MEP, AXX, AYY, ACC, ACCP, DELVS, ACTST, | ACDV, ABI Q
| SAVE = 0

| F(I PRTX -2) 31,33, 33
RETURN

F(NUM 26, 26, 34
F(1 SAVE) 26, 35, 26
F(NUM - 1) 48,48, 37

o@n

23

3

IF(I1B - 1BIG 42,45,41
| STOP = 5

WRI TE(6, 6141) | STOP
FORMAT( 9HO | STOP=, 13, 21H | N SUBROUTI NE SAVNMAX)
RETURN

ASAV = ARRXY(| B)
ARRXY(1B) = ABI GA
ARRXY(1 Bl G = ASAV
XSAV = ARRX(| B)

YSAV = ARRY(I B)

TSAV = ARRT(| B)

DLVSAV = ARRDV(| B)
ARRX(1B) = ARRX(IBI G
ARRY(| B) = ARRY(IBI G



ARRT(1B) = ARRT(IBI G
ARRDV(| B) = ARRDV(I Bl G

ARRX(1 BI G = XSAV
ARRY(1BI G = YSAV
ARRT(1BI G = TSAV

ARRDV(1 Bl G = DLVSAV
45 IB = IB + 1
IF(1B - NUM 38,46, 46
46 | F(1 PRTX - 2) 47,48, 48
C
47 | F(ARRXY(NUM) - ABIG) 470, 29, 29
470 WRI TE(6, 6127) TM TBI G, NUM
VR TE( 6, 6471) ABI G, ARRXY( NUM
6471 FORMAT(16HO NEW MAX, ABI G=, E14.6, 50H, |S GREATER THAN SMALLEST PR
1EVI QUS MAX, ARRXY( 10) =, E14. 6/
2 5X, 78H REPLACE ARRXY(10) W TH ABI G AND REPLACE TENTH PLACE I N
3 OTHER ARRAYS ALSO.)
GO TO 28
C
48 DO 481 1=1, NUM
481 ARRDV(1) = CONVER*ARRDV( )
*k k%
AT DO 50
AFTER ST 48 EXAM NE FOR LACK OF SI GNI FI CANT ACCEL. | MPLIES
STATI ONARY OBJECT. RETURN NUMEO. | N SUBR OUT2, NUMEO DELETES VDI
DO 50 | =1, NUM
| F(ARRXY(1) - 1.0) 50,50, 52
50 CONTI NUE
NUM = 0
GO TO 71
C * % % %
52 DO 70 1=1, NUM
| F(ARRY(1)) 63,61, 64
61 | F(ARRX(1)) 64,62, 64
62 ARRPSI (1) = 0.0
NPS| TME 6
GO TO 70
63 PQUAD = TWOPI
GO TO 65
64 PQUAD = 0.0
65 PSI TEM = ATAN2( ARRY(1), ARRX(1))
ARRPSI (1) = PSI TEM + PQUAD
NPSI TM = ARRPSI (1)/PI 06 + 6.5
| F(NPSI TM - 12) 70, 70, 69
69 NPSI TM = NPSI TM - 12
70 NARRPS(1) = NPSI TM
71 RETURN
END
SUBROUTI NE DELTAV ( TMM TMWP, AX, AY, AC, ACP, DVS, ACTS, | AC, ABI G
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
CALLED EVERY | NTERVAL AT BEG NNI NG OF SAVMAX, SOMETI MES CALLED
AGAI N I N THAT | NTERVAL AFTER ' STORE' | N SAVMAX.
IAC =3,2,1,0,-1,-2,-3,-7,-8,-9, -10
ABI G 1S NEG ONLY AT BEG NNING UNTIL AC IS .GT. 1.0 ONCE.
IF(1AC) 3,7,7
IF(1AC + 6) 7,7, 4
IF(AC - 1.0) 7,7,5
IF(ABIG) 7,6,6
IAC = |AC-6
RETURN

o000

O0000

ook W

7 ACX = AC
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321
322

323
324

325
326
327
328
329

0O000

36
38
40
42
44

46
47
470
475
48

49
50

C

C
C

ACPX =ACP

| ACX = I AC
ACTSX = ACTS
| PLUS =0

| F(1 ACX) 20, 20, 36
| F(AX) 22,24, 22
ABSAC = ABS(AY/ AX)
| F(ABSAC - 1.23) 26,26, 24
| ACT = 3
ACTST = SI GN(1. 0, AY)
GO TO 31
| F(ABSAC - 0.84) 30, 28, 28
IACT = 1
ACTST = SI GN(1. 0, AX*AY)
GO TO 31
| ACT = 2
ACTST = SI GN(1. 0, AX)
| AC = | ACT
ACTS = ACTST
| F(1 ACX + 10) 321, 32,321
AC MUST BE .GT. 1.0 HERE FLIP (-10) WAS SET IN CALL IN TH'S |
ACPX = 0.0
GO TO 48
I F(1 ACX + 6) 322,323, 323
IACX = IACX + 6
GO TO 324
| F(1 ACX) 324, 325, 325
| ACX = - | ACX
| PLUS = 1

F(AC - 1.0) 326,326, 36
F(ACP - 1.0) 327,327, 36
F(1 AC) 329, 329, 328

AC = -1AC

RETURN

USE PREVI OUSLY SET | NDI CATORS

IACX = 1,2,3

| F(1 ACX - 1) 40, 38, 40

| F(ACTSX - SIGN(1.0, AX*AY)) 46, 48, 46

| F(1 ACX - 2) 44,42, 44

| F(ACTSX - SIGN(1.0, AX)) 46, 48, 46

| F(ACTSX - SIGN(1.0,AY)) 46,48, 46

AT ST 46 NO MATCH

| F(1 PLUS) 47, 47, 475

| F(ABI G 475, 470, 470

IAC = -10

ACX = 0.0

GO TO 48

ACPX = 0.0

| PLUS = 0

DVS = DVS + 0.5*(ACX + ACPX)*( TMV TMVP)

I F(1 AC) 50, 49, 49

| F(AC -1.0) 327,327, 50

RETURN

END

SUBROUTI NE RNGKTL(INIT, N,/ X/, / H , YSP, YP)

SUBROUTI NE RNGKT1(1 NI T, N, X, H, YSP, YP)
AUXI LI ARY SUBROUTI NE FROM CAL PROGRAM LI BRARY, MARCH 1971
SUBROUTI NE RNGKT1 ( CU0068)

Ck**********************************************************************



SUBROUTI NE RNGKT1
CU 0068

PURPCSE
HYBRI D PRECI SI ON (SI NGLE PRECI SI ON LI NKAGES, BUT DOUBLE
PRECI SI ON | NTERNAL COVPUTATI ON) RUNGE KUTTA | NTEGRATI ON
(BLUM S MODI FI CATI ON), 4TH ORDER, FOR UP TO AND | NCLUDI NG
30 FI RST- ORDER DI FFERENTI AL EQUATI ONS.

USAGE
CALL RNGKT1 (INIT, N, X H Y, YP)

DESCRI PTI ON OF PARAMETERS
INNT =1 FOR I NI TIALI ZATI ON,
=2 FOR | NTEGRATE ONE STEP
N NUMBER OF FI RST- ORDER DI FFERENTI AL EQUATI ONS
X | NDEPENDENT VARI ABLE ( SI NGLE PRECI SI ON)
H STEP SI ZE (S| NGLE PRECI SI ON)
Y ARRAY OF DEPENDENT VARI ABLES (SI NGLE PRECI SI ON)
YP ARRAY OF DERI VATIVES OF Y WRT X (SI NGLE PRECI SI ON)

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*
REMARKS *
USER MUST SUPPLY A SUBROUTI NE DAUX, SUCH THAT ' CALL DAUX *
(W THOUT EXPLICI T ARGUMENTS) CAUSES THE YP VALUES TO BE *
CALCULATED  USI NG X AND VALUES FROM THE Y ARRAY. *
*

I NI TIALI ZATION (INIT = 1) IS REQU RED AFTER USER SETS *
*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

I NI TI AL VALUES OF X AND THE Y- ARRAY. RE-I NI Tl ALI ZATI ON
I'S NOT' NECESSARY FOR CHANGES I N STEP SI ZE, H.

SUBROUTI NES AND FUNCTI ON SUBPROGRAMS REQUI RED
DAUX ( SEE PREVI QUS REMARKS)

METHCD
THE E. K BLUM MCDI FI CATI ON OF THE RUNGE- KUTTA FOURTH-
ORDER METHOD | S USED. SEE
" MATHEMATI CS OF COWPUTATION' , APRIL, 1962 PP 176-187

AUTHOR DATE
W FRYER
CORNELL AERO. LAB
OCTOBER, 1966

NOTE. CODI NG | S ADAPTED FROM SQUARE PARTEE
| NTEGRATOR PROGRAMS PI NT1 AND DI NT.
DECKS CU0053, CU0054.

EE R R R I I R R R I R I I R R R R R I R R S R R R R S R I O R O S R

00QQQQQQQQQQQQQQQQQQRQQRQQRAQQRAQAQAQAQAQAQAQAQAQQAQAQAQAQQQAQQQQQQQQQ

REAL YSP(1), YP(1)
DOUBLE PRECI SI ON P(30),  30), X0, Y(30), HD

@

GO TO (4,8), INT
4 CALL DAUX
DO5 1=1,N
5 Y(1) = YSP(I)
X0 = X
RETURN
C
8 HD = H



DO 10
P(1)
Y(I)
YSP( |
Ql)

X = X0 + 0.5D0*HD
CALL DAUX

o<l

~

gr

P

~

)
0. 5D0*P(1)

)
— +

n~=1 1

DO 20 1=1, N
P(1) = HD*YP(I)

Y(1) = Y(1) + 0.5D0*(P(1)-Q1))
YSP(1) = Y(I)

Q1) = QI)/6.00D0

CALL DAUX

- 0.5D0*P(1)

CALL DAUX

DO 40 | = 1,N
P(1) = HD*YP(1) + (P(1)+P(1))
Y(1) = Y(1) + Q1) + P(1)/6.0D0
YSP(1) = Y(1)

CALL DAUX

RETURN
END

SUBROUTI NE DAUX

SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC

COVVON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
COVMON/ | NTG NEQ T, DT, VAR( 12) , DER( 12)

EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),

1 (VAR(4), PSI 1D), (VAR(5), UL), (VAR(6), V1),
2 (VAR(7), XCP2) , (VAR(8) , YCP2) , (VAR(9), PSI 2),
3 (VAR(10), PSI 2D), ( VAR(11), U2), (VAR( 12) , V2)

EQUI VALENCE (DER(1), DXCP1), ( DER(2), DYCP1), (DER(3), DPSI 1),
(DER(4), DPSI 1D), ( DER(5), DUL), ( DER(6), DV1),
(DER(7), DXCP2) , ( DER(8) , DYCP2) , ( DER(9) , DPSI 2) ,
( DER(10) , DPSI 2D) , ( DER(11), DU2) , ( DER( 12) , DV2)
COWON | NPT/ TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DWN, FVEHO
, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 200, U20, V20,
A1, B1, TRL, FI Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, FI Z2, FM2, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NCQL, NTBLQL, NTQL,
TBTQ2, TETQR, TI NOQ, NTBLQ, NTQ2, TI | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1,
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PSI FI ( 4, 201),
XBP(2) , YBP(2), XMJL, XMU2, CMU
COWON | NPT/ DELPS0, DELROD, ALAVB, ZETAV, AKV(2) , AMJ, €0, CL, C2,
PSLMLO, PSLM20, PSLMBO, PSLM40, PSLMVBO, PSLVBO, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)
COVVON/ | NTGR/ JCC( 4) , JCOR( 4) , NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,

Co~NOOR~WNE WN P

N -



OO0

1 19,J9(361,2), NPSJB,|PSJB, 13, LAST,IL, |NDL, | ND2, | NDI
2 , I NDJ, | STOP, | TZERL, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB,
3 | COLLP, | COLL, I Q I ND, | VEH, LL, | CTVDI, | TCOL, | TFLGL,
4 | TELG2, N\RDB1, NVRDEL, NVIRDB2, NVRDE2, | COLAC
I N COMWON / COVP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES
WHI CH ARE EQUI VALENCED TO ARRAYS.
COVMON/ COVP/  DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVM\2, PSI DVA, TPRI NT, DTP,
1 ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
2 PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LMB, PSI LMB, PSI LM,
3 PSI LMB, EJJ( 4, 2), GJJ(4, 2), CLOC2, PSCC, PSI R1, PSI R2,
4 XCMXCL, XCMXC2, YCMYCL, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
5 XCPI , YCPI, PSI |, XCPJ, YCPJ, PSI J, XCMXC, YOMYC, SPSI J,
6 CPSI J, XFI, XRI, YSI, XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
7 XPJ(4), YPI(4), ANGYX, SPAN, PSI BPI ( 4), PSI BPB, PSI BPF,
8 FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B,
9 RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB
COMMON/ COVP/ - PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI ,
1 PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBVX, RHOBI T, RHOBT,
2 SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FNI, SPSF,
3 CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F,
4 X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNNL,
5 FNX2, FNY2, FNN2, SFX1, SFY1, SFN1, SFX2, SFY2, SFN2,
6 SFX1C, SFX2C, SFY1C, SFY2C, SFNIC, SFN2C,
7 SFX1T, SFX2T, SFY1T, SFY2T, SFNLT, SFN2T, TCOL, TEND,
8 TREST1, TREST2, TCOLS1, TCOLS2, PLTEM P2TEM ULVLE, U2V2E,
9 EXTRA( 10)
COVVON COVPT/ W 8) , XWP( 8) , YWP( 8) , FLAGW(8) , PSI W 8) , TQW(8) ,
1 TFX, TFY, TMOM PSI RR, COEF, COEF1, COEF2, TRD2, TRD21, TRD22,
2 XBMXB, FNUM A, B, FI Z, FMASS, XC, YC, U, V, PSI C, PSI CD, UD2,
3 SGNU, SGNI , AOVB, CSPSI C, SNPSI C, TRCPSC, TRSPSC, TRPSCD,
4 X', XW YW SX, SY, S, XPP, YPP, RHO, RHOP, XMUS, XMU, PSI , XNUM
5 XDEN, RATI O, ALFA, F, TI F, FC, FCOS, SMAL, FSMX, FS, BETB, FX, FY
6 , CSPSI , SNPSI , XCXC, YCYC, SPJ, CPJ, SPI J, CPI J, XFJJ, XR1J,
7 YSJJ, EJJI, GIJI, XI CORJ, YI CORJ, NTQ, TBTQ TETQ TI NCRQ
8 NPSF, TBPSF, TEPSF, TI NCRP
COVMON/ TAB/  TRHOB( 361, 2) , TROBMX( 361, 2) , TPSI B( 361, 2),
1 TCPSI B( 361, 2), TSPSI B(361, 2) , TXB1(100) , TYB1( 100),
2 TPSB1(100) , TPRES1( 100)
DI MENSI ON  XCMXCI (2), YOWCI (2), SPSI 1 (2), CPSI | (2), PSLMD( 8) , PSLM 8)
EQUI VALENCE ( XCMXCI (1), XOMXCL) , ( YCMWYCI (1), YCWYCL), (SPSI | (1), SPSI 1)
1 , (CPSI1 (1), CPSI 1), (PSLM)( 1), PSLMLO), ( PSLM 1), PSI LML)
| F(1 STOP. NE. 0) RETURN
SFX1 = 0.0
SFY1 = 0.0
SFNL = 0.0
SFX1C = 0.0
SFYIC = 0.0
SFNIC = 0.0
SFX1T = 0.0
SFY1T = 0.0
SFNIT = 0.0
SPSI 1 = SIN(PSI 1)
CPSI1 = COS(PSI 1)
IF(I VEH) 5,7,5
SFX2 = 0.0
SFY2 = 0.0
SFN2 = 0.0
SFX2C = 0.0
SFY2C = 0.0
SFN2C = 0.0
SFX2T = 0.0
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20

25

27

SFY2T
SFN2T
SPSI 2
CPSI 2
XCMXCL
XCMXCI (
YCMYCL
YCMYCI (

SI N( PSI 2)
COoS( PSI 2)
XCP1 - XCP2
- XCMXCL
YCP1 - YCP2
- Yowcl

2)

©
n i ninoo

2)

CALL TRAJ
IF(1 VEH 9, 20,9
IF (1COLL) 10,15, 10
CALL COLL

SFX1
SFY1
SFN1
SFX2
SFY2
SFN2
&0 TO 2
SFX2
SFY2
SFN2
SFX1
SFY1
SFN1

SEX1T
SFY1T
SENLT
SFX2T
SFY2T
SEN2T
5

SFEX2T
SFY2T
SFN2T
SFEX1T
SFY1T
SENLT

SFX1C
SFY1C
SFN1C
SFX2C
SFY2C
SFEN2C

+ 4+ 4+ 4+ 4+

SET UP DERI VATI VES FOR RUNGE- KUTTA | NTEGRATI ON

| F(1 VEH) 25, 27,25

DPSI 2D
DPSI 2
DU2 =
Dv2 =
DXCP2

Dvi =
DXCP1
DYCP1
RETURN
END

= SFN2/ FI 22

= PSI 2D

SFX2/ FMR2 + V2*PS| 2D

SFY2/ FM2 - U2*PS| 2D
U2*CPSI 2 - V2*SPSI 2
U2*SPSI 2 + V2*CPSI 2
SFNL/ FI 21

PSI 1D

SFX1/ FML + V1*PSI| 1D

SFY1/FML - U1*PSI 1D
UL*CPSI 1 - V1*SPSI 1
Ul*SPSI 1 + V1*CPSI 1
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SUBROUTI NE TRAJ
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
COVWON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
COWON | NTG NEQ T, DT, VAR( 12) , DER( 12)
EQUI VALENCE (VAR(1), XCP1), (VAR(2), YCP1), (VAR(3), PSI 1),

1 (VAR(4), PSI 1D), (VAR(5), UL), (VAR(6), V1),
2 (VAR(7), XCP2), (VAR(8), YCP2) , (VAR(9), PSI 2),
3 (VAR(10), PSI 2D), (VAR(11), U2), (VAR(12), V2)

EQUI VALENCE ( DER( 1), DXCP1), ( DER(2), DYCP1), ( DER(3), DPSI 1),
(DER(4), DPSI 1D, ( DER(5), DUL) , ( DER(6), DV1),
(DER(7), DXCP2) , ( DER(8) , DYCP2) , ( DER(9) , DPSI 2) ,
( DER( 10) , DPSI 2D) , ( DER(11) , DU2) , ( DER(12) , DV2)
COMMON/ | NPT/ TO, TF, DTTRAO, DTCOLO, DTCLTO, DTPRNO, UVM N, PSI DVN, FVEHO
, XCP10, YCP10, PSI 10, PSI 1D0, U10, V10,
XCP20, YCP20, PSI 20, PSI 2D0, U20, V20,
A1, B1, TR1, Fl Z1, FML, PSI R10, XF1, XR1, YS1,
A2, B2, TR2, FI Z2, FM2, PSI R20, XF2, XR2, YS2,
CSTFI (8), TBTQL, TETQL, TI NOQL, NTBLQL, NTQL,
TBTQR, TETQR, TI NCQ2, NTBLQ2, NTQ2, TI | (8, 201),
TBPSF1, TEPSF1, TI NCP1, NTBLP1, NPSF1,
TBPSF2, TEPSF2, TI NCP2, NTBLP2, NPSF2, PSI FI (4, 201),
XBP(2), YBP(2), XMUL, XMJ2, CMJ
COWON | NPT/ DELPS0, DELROD, ALAVB, ZETAV, AKV(2) , AMJ, €0, CL, C2,
PSLMLO, PSLM20, PSLMBO, PSLM40, PSLMVGO, PSLNVBO, PSLM?O,
PSLMBO, HED( 40) , DADE( 3) , XI NPUT( 9)
COVMMON / OPTI ONS/ | OPTI ON, DTI NT, STEPPSI , STEPDT, SI NPSI , S| NFREQ
1 GAI N, DI SLKAHD, XYTB( 2, 201) , NOUT1, NOUT2
COMMON/ | NTGR/ JCC( 4) , JCOR(4) , NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,
19,J9(361,2), NPSJIB,|PSJB,13,1LAST,IL, |NDL,|ND2, | NDI
, I NDJ, | STOP, | TZERL, | TZER2, | PZERL, | PZER2, | COUNT, | NDXB,
| COLLP, I COLL, 1 Q I ND, | VEH, LL, | CTVDI, | TCOL, | TFLGL,
| TELG2, N\RDB1, NV\RDEL, NVWRDB2, NVIRDE2, | COLAC
IN COWDON / COVP/ DO NOT DI STURB THE ORDER OF THE VARI ABLES
WHI CH ARE EQUI VALENCED TO ARRAYS.
COWON COVP/  DTTRAJ, DTCOLL, DTCOLT, DTPRNT, UVMN2, PSI DMA, TPRI NT, DTP,
ULV1SQ U2V2SQ DELPSI , DELPST, DELPS2, DELRHO,
PSI LML, PSI LM2, PSI LMB, PSI LM4, PSI LMVB, PSI LMB, PSI LM,
PSI LMB, EJJ( 4, 2), GJJ(4, 2), CLOC2, PSCC, PSI R1, PSI R2,
XCMXCL, XCMXC2, YCMYCL, YCMYC2, SPSI 1, SPSI 2, CPSI 1, CPSI 2,
XCPI , YCPI, PSI |, XCPJ, YCPJ, PSI J, XCMXC, YOMYC, SPSI J,
CPSI J, XFI, XRl, YSI, XFJ, XRJ, YSJ, AKVI , AKVJ, EJ, GJ,
XPJ(4), YPI(4), ANGYX, SPAN, PSI BPI (4), PSI BPB, PSI BPF,
FNPSI B, PSI BB, PSI B, PSFMPS, SCPSI B, CSPSI B,
RHOBI , RHOBI N( 4) , PSI Bl J, SPSBI J, CPSBI J, XBI J, YBI J, PSJTB
COVMMON/ COVP/ - PSI BPJ, FNPSJB, PSI BJ, RHOBJ, XYJSQR, SPSI B, CPSI B, XBI , YBI ,
PRESI , PRESJ, XYSR, DELTA, CRHO, RHOBI C, RHOBVX, RHOBI T, RHOBT,
SPSI 21, CPSI 21, X2TEM Y2TEM XX, YY, PAV, XXYYSR, FN1, SPSF,
CPSF, X1AV, Y1AV, XYAVSR, X2TERM Y2TERM SPS21F, CPS21F,
X2AV, Y2AV, VT1AV, VT2AV, VTWT, FRI CT, FNX1, FNY1, FNNL,
FNX2, FNY2, FNN2, SFX1, SFY1, SFN1, SFX2, SFY2, SFN2,
SFX1C, SFX2C, SFY1C, SFY2C, SFNIC, SFN2C,
SFX1T, SFX2T, SFY1T, SFY2T, SFNLT, SFN2T, TCOL, TEND,
TREST1, TREST2, TCOLS1, TCOLS2, PITEM P2TEM ULV1E, U2V2E,
EXTRA( 10)
COMMON/ COMPT/ W 8) , XWP( 8) , YWP( 8) , FLAGN( 8) , PSI W 8) , TQW(8) ,
TFX, TFY, TMOM PSI RR, COEF, COEF1, COEF2, TRD2, TRD21, TRD22,
XBMXB, FNUM A, B, FI Z, FMASS, XC, YC, U, V, PSI C, PSI CD, UD2,
SGNU, SGNI, AOVB, CSPSI C, SNPSI C, TRCPSC, TRSPSC, TRPSCD,
X', XW YW SX, SY, S, XPP, YPP, RHO, RHOP, XMUS, XMJ, PSI , XNUM
XDEN, RATI O, ALFA, F, TI F, FC, FCOS, SMAL, FSMX, FS, BETB, FX, FY
, CSPSI, SNPSI , XCXC, YCYC, SPJ, CPJ, SPI J, CPI J, XFJJ, XRJJ,
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7 YSJJ, EJJI, GIJI, XI CORJ, YI CORJ, NTQ TBTQ TETQ TI NCRQ

8 NPSF, TBPSF, TEPSF, TI NCRP
COVMON/ TAB/  TRHOB( 361, 2) , TROBMX( 361, 2) , TPSI B( 361, 2)

1 TCPSI B( 361, 2), TSPSI B( 361, 2), TXB1( 100), TYB1( 100),

2 TPSB1(100) , TPRES1( 100)

DI MENSI ON  XCMXCI (2), YOWCI (2), SPSI 1 (2), CPSI | (2), PSLM)( 8) , PSLM 8)
EQUI VALENCE ( XCMXCl (1), XCMXCL) , ( YOWYCI (1), YOMYCL), (SPSI | (1), SPSI 1)

1 , (CPSI'1 (1), CPSI 1), (PSLM)( 1), PSLMLO), ( PSLM 1), PSI LML)
DATA BLNK/ 1H /, STAR/ 1H*/

| F(1 STOP. NE. 0) RETURN
XC = XCP1
YC = YCP1
Uu=u
V= Vi
PSIC = PSI 1
CSPSI C = CPSI 1
SNPSI C = SPSI 1
PSI CD = PSI 1D
A= Al
B = Bl
COEF = COEF1
TRD2 = TRD21
PSIRR = PSIRL
Flz = FIz1
FMASS = FML
TBPSF = TBPSF1
TEPSF = TEPSF1
TINCRP = TI NCP1
NPSF = NPSF1
TBTQ = TBTQL
TETQ = TETQL
TINCRQ = TI NCQL
NTQ = NTQL
KK = 0
I =0
30 SG\U = SIG\(1.0, U
UD2 = ABS(0.5*U)
TRCPSC = CSPSI C * TRD2
TRSPSC = SNPSI C * TRD2
TRPSCD = PSI CD * TRD2
TFX = 0.
TFY = 0.
TVOM
AOVB
SGNI 0
C LOOP FOR WHEELS
c RF=1 LF=2 RR=3 LR=4
DO 105 |=1, 4
=1 + 11
SGNI = -1.0*SGNI
IF(1 - 2) 32,32, 31
31 AOVB = -B
32 XW= XC + AOVB*CSPSI C + SGNI * TRSPSC
YW= YC + AOMB*SNPSI C - SGNI * TRCPSC
XWP(IT1) = XW
YWP(IT1) = YW
| F(1 NDXB) 35, 37, 36
35 | STOP = 15
WRI TE( NOUT, 6035) | STOP
6035 FORMAT( 8HO | STOP=, 14, 17H, | NDXB NEGATI VE)
RETURN

[eoNe]

0.0
A
1.
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36
37

38
39
40
41
42
43

44

XPP= FNUM *XW ( YW - Xl * XW
YPP=YW XPP/ XW
SX = U + SGNI * TRPSCD
SY = V + AOWB*PSI CD

RHO = SORT( XW XW + YW YW
RHOP=SQRT( XPP* XPP + YPP* YPP)
| F(RHO - RHOP) 38, 38, 39
XMUS = XMJL
GO TO 40
XMUS = XMU2
S = SQRT( SX*SX + SY*SY)
XMJ = XMUS*( 1. 0- CMKS)
IF(1-2) 42,42,41

PSI = PSI RR
GO TO 45

| F(NPSF- 1) 43, 43, 44

PSI = 0.0

NO STEER TABLES
GO TO 45

K=1 + KK

Oiginal programuses a routine of
interpolation to get steering angle from given table

In the newroutine, the steering anlge is deternined

by the selected option, thus a new call needs

to be inserted here. The new subroutine should return a
a steering angle

If KK
I f KK

0 (I
2 (I

1,2) the routine is calculating for Vehicle 1
1,2) the routine is calculating for Vehicle 2

O0000000000

45

50
52

54
55
56
57
58
59
60

61

IF (IOPTION . EQ 0) THEN

CALL | NTRPV(ND4, K, PSI FI , TBPSF, TEPSF, TI NCRP, T, PSI )

ELSEIF (1 OPTION . EQ 1) THEN
CALL STEPSTR(T, PSI)

ELSEIF (1 OPTION . EQ 2) THEN
CALL SINSTR(T, PSl)

ELSEIF (1 OPTION . GT. 2 . AND.

ENDI F
PSI = PSI * RAD
PSIWIII1) = PSI
XNUM = SY
XDEN= ABS( SX)
| F( XDEN) 55, 50, 55
| F( XNUM) 54, 52, 54
RATIO = 0.0
GO TO 56
RATIO = 1.57
GO TO 56
RATI O = ATAN2( XNUM XDEN)
ALFA = RATI O - PSI *SG\U
F=XW* WIII)
| F(NTQ 1) 58, 58, 59
TIF=0.0
NO TORQUE TABLES
GO TO 60

CALL I NTRPV (ND8, 111, TIl, TBTQ TETQ TI NCRQ T, Tl F)

TONIIT) = TIF
IF(TIF) 70,61, 62
FC = 0.0
GO TO 80

| OPTION . LT. 5) THEN
CALL STRCTRL(K, XC, YC, PSIC, U, V, PSI CD, PSI)



62 | F(TIF-F) 64,64, 66
64 FC = TIF
GO TO 80
66 FC = F
GO TO 80
70 FCOS = F*COS(ALFA)
| F((UD2-1.0) 72, 73,73
72 SMAL = UD2
GO TO 74
73 SMAL = 1.0
74 | F( ABS(TIF) - FCOS) 76,76, 78
76 FC = TI F* SGNU* SVAL
GO TO 80
78 FC = - FCOS* SGNU* SMAL
80 | F( ABS(FC) - (ABS(F) -1.0)) 86,84, 84
84 FS = 0.0
FLAGN(I11) = STAR
GO TO 100
86 | F(ABS(U) - 0.5) 88,90, 90
88 | F(ABS(V) - 0.5) 84,90, 90
90 FSMX = SQRT(F*F - FC*FQ)
BETB = CSTFI(111) * ALFA / FSMX
| F( ABS( BETB) - 3. 0) 94, 92, 92
92 FS = FSMX * S| G\( 1. 0, BETB)
FLAGNI11) = STAR
GO TO 100
94 FS = FSMX* BETB* ( BETB*BETB/ 27.0 - ABS(BETB)/3.0 +1.0)
FLAGNI11) = BLNK
100 CSPSI = COS(PSI)
SNPSI = SIN(PSI)
FY = FS*CSPSI + FC*SNPSI
FX = -FS*SNPS|I + FC*CSPSI
TFX = TFX + FX
TFY = TFY + FY
TMOM = TMOM + SGNI * TRD2 * FX + AOMB * FY
105 CONTI NUE
END OF LOOP FOR VHEELS
IF(11) 115,110, 115

110 SFX1T = TFX
SFY1T = TFY
SFN1T = TMOM

IF (1'VEH 112,117,112
112 XC = XCP2

YC = YCP2

U= uw

V = V2

PSIC = PSI 2

CSPSI C = CPSI 2

SNPSI C = SPSI 2

PSI CD = PSI 2D

A= A2

B = B2

COEF = CCEF2
TRD2 = TRD22
PSI RR = PSI R2
FIZ = FI 22
FMASS = FMR
TBPSF = TBPSF2
TEPSF = TEPSF2
TINCRP = TI NCP2
NPSF = NPSF2

TBTQ = TBTQ
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115

117

TETQ = TETQ
TINCRQ = TI NCQ

NTQ = NTQR
KK = 2

I =4

GO TO 30
SFX2T = TFX
SFY2T = TFY
SFN2T = TMOM
RETURN

END

SUBROUTI NE | NTRPV( ND, | D, TABLE, XM N, XMAX, DX, X, Y)
SI MULATI ON MODEL OF AUTOMOBI LE COLLI SI ONS - SMAC
QUADRATI C

DI MENSI ON TABLE( ND, 1)

XLK = AM NL( X, XMAX)

XLK = AMAXL(XLK, XM N)

NI = (XLK-XM N)/DX+1. 2

N2 = NI+1

NT = (XMAX- XM N)/ DX+1. 2

NO = Ni-1

| F(NO. GT.0) GO TO 3

NO = NIL

NI = N2

N2 = NI+1

| F(N2. LE. NT) GO TO 4

N2 = NL

NI = NO

NO = NI-1

XXX = FLOAT(NO) * DX+XM N
DX2 = DX**2

TT1 = TABLE(I D, N1)

TTO = TABLE(I D, NO)

A = ( TABLE(ID,N2) -2.0*TT1 + TTO) / (2.0*DX2)
B = (TT1 -TTO)/ DX - A*(2. 0*XXX - DX)
C = TT1 - (A*XXX**2 + B*XXX)
Y = (A*XLK+B) * XLK+C

RETURN

END

New subroutine for creating steering input

SUBROUTI NE STEPSTR(T, PSI )
COVVON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
COWVON / OPTI ONS/ | OPTI ON, DTINT, STEPPSI, STEPDT, SINPSI, SINFREQ
1 GAIN, DI SLKAHD, XYTB(2,201), NOUT1, NOUT2

STEP FUNCTI ON STARTS AFTER 0. 25 SECOND OF | NI TI ATI ON
IF (T .LE. DTINT ) THEN

PSI = 0.0
ELSE
IF (T .LT. (DTINT+STEPDT) ) THEN
PSI = (T-DTI NT)/ STEPDT* STEPPSI
ELSE
PSI = STEPPSI

ENDI F
ENDI F
RETURN
END
SUBROUTI NE SI NSTR(T, PSI )
COWWON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT
COWVON / OPTI ONS/ | OPTI ON, DTINT, STEPPSI, STEPDT, SINPSI, SINFREQ
1 GAIN, DI SLKAHD, XYTB(2,201), NOUT1, NOUT2
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SI'N FUNCTI ON STARTS AFTER 0. 25 SECOND
IF (T .LE. DTINT ) THEN

PSI = 0.0
ELSE
PSI = SI NPSI * SI N( TWOPI * SI NFREQ* ( T- DTI NT) )
ENDI F
RETURN
END

SUBROUTI NE STRCTRL(K, X, Y, YAW U, V, YAWD, PSI )
Cal subroutine to find | atereal position and yaw deviation
CALL DEVI ATE( X, Y, YAW DEVLAT)
CALL SUBROUTI NE TO GET DESI RED YAW ANGLE
CALL YAWCAL( X, Y, YAW DESYAW

| mpl enent control algorithns to cal cul ate steering input
gi ven devi ation and desired yaw, and other variables in conmmon
bl ocks to determi ne desired steeering angle

CALL CNTRL(K, X, Y, YAW U, V, YAWD, DEVLAT, DESYAW PSI )
RETURN
END

CALL subroutine to find latereal position deviation

SUBROUTI NE DEVI ATE( X, Y, YAW DEVY)
COMVON / DESTRAJ/ | XYDES, XYTB(2, 201)
DUMWY = X+Y+YAW

DEVY =Y

RETURN

END

CALL SUBROUTI NE TO GET DESI RED YAW ANGLE

SUBROUTI NE YAWCAL( X, Y, YAW DYAW
DUMWY = X+Y+YAW

DYAW = 0.0

RETURN

END

SUBROUTI NE TO DETERM NE THE STEERI NG ANGLE

SUBROUTI NE CNTRL(K, X, Y, YAW U, V, YAWD, DY, DYAW CNTLPSI )

COVMON CONST/ G, RAD, PI, TWOP! , Pl 02, PI 32, ND2, ND4, ND8, NI N, NOUT

COMVON | NTG NEQ T, DT, VAR( 12) , DER( 12)

COVVON/ | NTGR/ JCC( 4) , JCOR( 4) , NPSI B, | PSI BO, | PSI B, | BB, | FF, NDTAB,
19,J9(361,2), NPSJB, | PSIB, I3, LAST, L, |NDL | ND2, | NDI
,INDJ, | STOP, | TZERL, | TZER2, | PZER1, | PZER2, | COUNT, | NDXB,
| COLLP, | COLL, | Q I ND, I VEH, LL, | CTVDI , | TCOL, | TFLGL,
| TFLG2, N\VIRDB1, NWRDE1, NWWRDB2, NVRDE2, | COLAC

A WNPF

COMVON / OPTI ONS/ |1 OPTI ON, DTINT, STEPPSI, STEPDT, SINPSI, S| NFREQ
1 GAI' N, DI SLKAHD, XYTB(2,201), NOUT1, NOUT2
COMWON DELAY/ TDGT, DTDGI, DY1LST, YAWLLST, DY2LST, YAWRLST

K
K

1, 2 VEH CLE 1
3, 4 VEH CLE 2

FI RST CONTROL LAW
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PSI = - GAIN * ( DY + DI SLKAHD* YAW )
PSI IN RADI AN
DY AND LOOK- AHEAD DI STANCE I N METER

DUMWY = X+Y+YAW-U+V+YAWD+DY+DYAW
IF ( K.LT. 3) THEN

ICAR = 1
IF (IOPTION . EQ 4) THEN
DYX = DYILST
YAWK = YAWLLST
ELSE
DYX = Y
YAWK = YAW
ENDI F

ELSEIF ( 1COLL .NE. 0 ) THEN
K- GI. 2 CAR NO2 AND | COLL | NDI CATI NG CCLLI SI ON HAS OCCURRED

ICAR = 2
IF (IOPTION . EQ 4) THEN
DYX = DY2LST
YAWK = YAWRLST
ELSE
DYX = Y
YAWK = YAW
ENDI F
ENDI F
CNTLPSI = - GAI N*(DYX*0.0254 + YAWK* DI SLKAHD) / RAD
WRI TE(6,*) K, T, DYM CNTLPSI
RETURN
END





