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Differences Between EDCRASH and CRASH3

Terry D. Day and Randall L. Hargens
Engineering Dynamics Corp.

ABSTRACT

Motor vehicle accident researchers have used

the CRASH computer program for some time. Over
the years, the code was upgraded until it
reached its present and popular form, CRASH3,

which runs on a mainframe computer or mini-
computer with a sizeable memory capacity. A
new version of the program, EDCRASH, has been
developed which runs on personal computers
using 128K of memory. This paper describes and
compares this program with its mainframe
counterpart. The program performed the same
function as CRASH3, but was designed as a
screen-oriented program utilizing the environ-
ment of the personal computer. Its design also
allowed for file saving, graphics, routing of
output, and interfacing with other accident
reconstruction programs. For most accident
types, the results for both programs were
identical. However, for some types the results
were different.

THE CRASH (CALSPAN RECONSTRUCTION of Accident
Speeds on the Highway) computer program has
been used as an effective tool for motor
vehicle accident investigation for many years.
Since its development in the early seventies

* - P
[1-6], it has undergone many revisions and
refinements. These changes have included
debugging the code itself and modifications to
improve its accuracy. It is doubtful that any
computer program for use by accident investiga-
tors has received so much attention, undergone
so thorough an evaluation, and provided so much
useful data for those people who are concerned
about highway accidents and their effect on our
society.

*Numbers in brackets designate references at
the end of the paper.
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HISTORY AND PURPOSE OF CRASH

Since 1979, the National Highway Traffic
Safety Administration (NHTSA) has implemented
the CRASH program in a reczent version, called
CRASH3, for use by the National Accident
Sampling System (NASS). Using a nationwide
network of accident investigators, NASS has
been developing a statistical database for the
purpose of finding out what kind of accidents
are the greatest threat to our society [7].
Automotive researchers have been able to use
CRASH to provide collision dynamics for typical
impact configurations in order to assess the
effects upon occupant dynamics. This, in turn,
aids vehicle designers who can use the results
to build safer cars. Accident investigators
use the program to help determine accident
causation. Recently, the CRASH program has
been used in the field of civil and criminal
litigation, where it is an effective tool which
can provide answers to technical accident-
related questions.

PURPOSE OF THIS PAPER

This paper describes a recent version of
the CRASH program called EDCRASH (Engineering
Dynamics Corporation Reconstruction of Accident
Speeds on the Highway). Its purpose is to
compare EDCRASH with CRASH3, the version upon
which it was based. First, similarties between
the programs will be established. Then,
because the major intent of this paper is to
identify the differences between EDCRASH and
CRASH3, those differences will be studied in
the form of examples which illustrate the dif-
fererices and their effect upon the results.
Accident investigators familiar with CRASH3 can
use this information to become familiar with
EDCRASH. Others will become familiar with the
general scope of either program.



OVERVIEW

The CRASH program provides a reconstruction
of single- and two-vehicle accidents. The user
supplies information gained from accident site
and vehicle inspections. The program uses this
information to determine the conditions at
impact. The speed of the vehicle(s) at impact
is produced only if scene data (impact/rest
positions and path data) is supplied. Other-
wise, the results are limited to speed change
(a measure of impact severity). The program
also produces intermediate results, such as
separation velocities, energy absorbed by
damage, and parameters associated with a
trajectory simulation.

The results provide a consistent and well-
validated methodology for the reconstruction of
motor vehicle accidents. In addition, the
program is a useful means of performing
repeated analyses to test different accident
scenerios (this is refered to as a "what if"
analysis).

PROCEDURE

In order to provide a direct comparison
between the programs, a version of CRASH3 dated
December, 1981, was purchased from Mcauto
(McDonnell Douglas Automation Co.) and compiled
and executed on Boeing Computer Services' CDC-
Cyber mainframe computer. EDCRASH, Version
2.0, dated July, 1984, provided the results on
an IBM Personal Computer. Accessories included
a 320K RAMdrive, IBM color/graphics adapter,
and Epson MX-100 printer. Two different input
data sets were supplied to each program and the
results were examined. Various program options
were exercised in order to evaluate conditions
which led to different results. Similiarities
and differences were then reported.

SIMILARITIES

EDCRASH and CRASH3 programs required the
same input and yielded the same output. This
was a major objective of program design, since
researchers using both programs may be contri-
buting to the same database.

Both programs were interactive. The user
responded to questions (up to 50) requested at
the terminal (either CRT or line printer). The
input required quantitative data in three
general categories. These were: (1) General
Vehicle Data, (2) Accident Site Data, and (3)
Vehicle Damage Data.

The General Vehicle Data defined vehicle
dimensional and inertial properties and the
relationship (mutual orientation) of the
vehicles at impact. The Accident Site Data
identified vehicle positions at impact, vehicle
positions at rest, and how the vehicles moved
from impact to rest (skidding, spinning,
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braking, and tire/ground friction). The Damage
Data supplied the measured location and profile
of vehicle damage.

Not all questions required answers. Some
had default answers and some only provided
additional detail. A list of input questions
can be found in the examples cited later in
this paper. A description of each of the input
data questions was beyond the scope of this
paper. For such a description, the reader is
referred to the literature [8,9].

The output session began with a display of
error messages. These messages were
categorized as either informative or fatal. In
the latter case, execution was terminated and
output was limited to damage-based results.

The form of the output was either complete
or abbreviated. The complete form displayed
the impact speed and speed change for both
vehicles, followed by an echo of impact and
separation conditions, trajectory simulation
results, summary of damage data, and vehicle
dimensional and inertial properties. The ab-
breviated results were limited to a summary of
impact speeds and speed changes, and trajectory
simulation results,

OPENING MENU

Clomplete e
or R)erun Plrint S)mac
SMAC
INPUT
PROCESS
e
QUTPUT

Figure 1 - Flow diagram for CRASH3



DIFFERENCES

The differences between EDCRASH and CRASH3

were found primarily in three areas: (1) User
interactivity, (2) Calculations, and (3)
Graphics.

User Interactivity

CRASH3 was coded in FORTRAN for use on
remote input data terminals, usually connected
to a mainframe computer. The terminal was a
CRT or local line printer. In either case,
input questions and output results scrolled
continuously, one line at a time.

EDCRASH was coded in compiled BASIC for use
on the IBM PC or IBM compatible personal
computer. As a result, the user interfaced
with the program in a substantially different
manner. This may be illustrated by inspection
of flow diagrams for CRASH3 (figure 1) and
EDCRASH (figure 2).

A CRASH3 session began at a menu which
provided the user with a list of program
options:

the

COMPLETE - The program ran through its
entire cycle. All of the input questions
and output results were presented in their
most detailed formats.

ABBREVIATED - The program ran through its
entire cycle. The input/output was
presented in a concise format.

RERUN - The program was re-executed after
changing the input for up to 12 questions
(followed by processing and new results).

PRINT - Printed a Complete listing of the
results.

SMAC - Generated an input data set for
the SMAC (Simulation Model of Automobile
Collisions [10]) program based on the
CRASH3 results.

END - Returned to the computer operating
system.

The user initiated a CRASH3 run by
selecting the type of run to be performed. If
a complete run was requested, then all
questions were displayed in a long and rather
detailed (complete) form. If an abbreviated
form was requested, the input questions were
presented in a concise form. The user's memory
could be refreshed by entering a ?, which
caused the complete form of the question to be
displayed. When the input session was
concluded, the results were processed and the
output was displayed. After each execution,
the program returned to the menu, allowing the
user to run an abbreviated program or rerun
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with modified input, view the results, and
follow up with input data changes and/or a
complete form of the output listing. The user
could then generate a SMAC input data set and
exit the program. (The SMAC program can be
used to test the CRASH results.)

MAIN MENU

EDSVS
EDVTS

EDCRASH
EDHIS

1
PROGRAM
MENU

F)irst run
R)erun
R)eprint
G)raphics
E)xit

EDVDS
EDSMAC

PROCESS

GRAPHICS

FILE
S8AVING

ouUTPUT

Figure 2 - Flow diagram for EDCRASH

EDCRASH was one of a series of six accident
reconstruction programs, all of which were
displayed on a Main Menu. Execution was
initiated by selecting EDCRASH from the Main
Menu. The session began with a display of the
Program Menu, which provided the user with a
list of options:

FIRST-RUN, INTERACTIVE SESSION - Began the
question/answer session in the abbreviated
format. The complete form of any question
was displayed at the bottom of the screen,
along with the required answer format and
sample answer, if a ? was entered.

RERUN WITH INPUT FROM A PREVIOUS SESSION -
Initiated the rerun option, which required
the user to supply an input file (the
previous file was the default file;
otherwise, any previously-saved input file
could be supplied). The session began by
asking which section of input required
review and/or changes.

OUTPUT FROM A PREVIOUS SESSION - Redisplayed
the output, which required the user to
supply an output file (the previous session
was the default file; otherwise, any



previously-saved file could be supplied).
The session began by asking for the desired
form of output (complete or abbreviated) and
routing (screen or printer).

PICTORIAL DISPLAY OF ACCIDENT SITE - Created
a pictorial representation of the accident
site, which also required the user to supply
an output file.

EXIT TO MAIN MENU - Returned to the Main
Menu in order to execute another program or
exit to the operating system.

The user initiated the analysis by select-
ing the type of run to be performed. However,
since EDCRASH had a file-saving option, three
additional options were available when
initiating a session. By appropriately select-
ing (1) rerun with previous input, (2) reprint
previous output, or (3) pictorial display of
accident site, the user could rerun, re-
execute, or review the results of previous
sessions without re-entering the input data.

When a first-run was requested and the
input session was complete, or if a rerun was
requested, EDCRASH asked the user if a review
of the input data, or "Any Changes?", was
desired. If so, the user could scan each of
the sections of data (General, Scene, Impact to
rest, Tire/road, and Damage) and accept the
data or change it prior to execution. Proces-
sing was initiated by a negative response to
"Any Changes?". Differences in processing may
be found in a later section of this paper.

At the completion of the output session,
EDCRASH allowed the user to save the input
and/or output files, and then returned to the
Program Menu for another run.

At this point, the user could perform a new
run, rerun, reprint, graph, or terminate
execution. If an EDSMAC input file was
desired, it was not necessary to create one,
since an EDCRASH output file structure was
identical to an EDSMAC input file structure.

Calculations

RICSAC data sets, used during the develop-
ment of CRASH [5], were used to demonstrate the
calculations. RICSAC8 was used to provide
typical input and output and establish a valid
basis for results. Then, RICSAC7 was used to
demonstrate the effects due to some coding
differences.

The RICSACS8 input data, shown in figure 3,
described an impact between two Chevrolet
Chevelles. Vehicle #1 struck vehicle #2 at the
passenger-side door. The angle of impact was
90 degrees (perpendicular). Both vehicles
responded to impact by spinning clockwise while
coming to rest. In order to process the input,
the CDC-Cyber required approximately 1 second;
the IBM required 5.2 seconds.
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. a8, Side damage Cwpth #1

UVENERAL INFULl DATA

N 0 SAMPLE RUN RICSAC CASE #8 11/24/B¢
2. Class/Weiahts 4 4479 4 4710
S. CDC/FDOF # 17 . 11FDEW1 -45
4., CDC/FDOF ® 27 PIRYEWD 45
S. Vehicle t % I Sti1ffness Catewories 4 4
SCENE DATA
o, Kest and 1mpact” o or W
7. Fest CoOrdinateS co.vo.na.
8. Dopuct LOurdinNules «vees..
9. Anv slip anales™ (Y or N) .
18, Slip ¢nGl@s 1 and 2 seevrveneennans
IMFACT TO: FEST FATH DATA
11, Sustained contect™ (Y OF N) ceavees

12, Rotating shiddina of #1™ (¥ or N) .
12, Skidding stop before rest” (Y ar Ny
14. End Of €K1dding coordinates™ ,.....
1%. Curved path™ (Y or Nj .. .

16, Point on curve ......
17. Rotation direction #1

82ZEZERE
t » u

Y oor N» ...

18, More than I&¥ degrees?

19. Rotating skidding of #27 (Y or N) . YES
20, Stidding stop before rest™ (Y or N} NO
21, Emd of slidding coordinates ....... N/A
22. Curved path? (Y or NJ c.vevensrnves ND
2% FOInt ON CUrve ......aan PRI N/A
24, Rotation direction #2 ...........00 Cw
2%. More than 340 deqrees” (Y or N} ... NO

TIRE/ROAD AND TRAJECTORY SIMULATION DATA

26. Tire-ground friction coef. ........ .87

27. Roll. resistance option (1 or 2) .. 1

28. Koll. resistances. i1ndiv, wheels #1 .@&{ .81 .2 .2
29. Koll. resistances. indiv. wheels #. .d1 (@1 .2 .2
30, Decel. level #1 N/A

1. Decel. level #2 N/R

32, Trajectory simulation? (v or N) ... NO

T3. Steer angles #1 ..... Nsa

74, Steer anales ¥ ... . Nz
T%. Terrain boundary™ (¥ or N)
6. Boundary POINEE seeeense-

37. Secondary friction coef. ...

VEHICLE DAMAGE DATA

8. Damage dimensions”™ (Y or N)
9. Side daemane width #i

41. Side demage midpoint offset #1
42. End damage width 81
43, End damaue depth #1
44, End damage midpuint offsel W1
19, cade Lamage sindHe #e

44. Side Jamsae depth #U LL.....aiiaean 5.2 8.2 9.2 5.7 4.4 .8
47, Side damage midpnint of fset 2 ..., 1T
4. EUnd damane width #0 ... ... M7k
47, End demmae Jepth #2 Lol ieenennn WA
S@. End demade widpoint oftset #2 ..., N'A
Figure 3 - RICSAC8 input data set

The computation results for CRASH3 are
shown in figure 4 and the results for EDCRASH
are shown in figure 5. All the results were
shown (i.e., the "Complete™ form was selected)
in order to illustrate all the differences in
output.

Neither program generated any warning
inessages and the results were indentical.
EDCRASH reported some additional information,
including Energy Absorbed by Damage, Magnitude
of Principal Force, and Moment Arm of Principal
Force, in the SUMMARY OF DAMAGE DATA.

After the preliminary output was reviewed,
a rerun was performed and a trajectory
simulation was requested. The response time
for the CDC-Cyber was 4.5 seconds. The
processing time for the IBM was 375.4 seconds.
For purposes of brevity, only the abbreviated
results were displayed. )

Inspection of the output results (CRASH3,
figure 6; EDCRASH, figure 7) revealed a
difference in IMPACT SPEEDS AND SPEED CHANGES.
The difference was due to an increase in the
integration time interval. While CRASH3 used
an interval of 0.025 seconds, EDCRASH used



S UM R o F C RS HTI HESULTS IMF BT SFLED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUMY

FORWALD LATERAL
EHW e, MEH S MEH
Veriel 25T MEM L8 MEH

SHELD CHANGE (DAMAGE )

TOTAL LONG. ANG.
VEH#® | 11.8 MFH H.T MR 4%. 8 DEG.
RICSAC w8 CHEVELLE VS CHEVELLE VEHN. 1., HMPH T oMEl 4%.¢ DEG.
SFEED CHANGE (L INEAK MOMENTUID
10TAL LONG, LAY. ANG.
VEH# 1 12,6 MEH 6.9 MFH 18.% MFH T6.6 DEG.
VEHICLE # 1} WEHND 12,4 1MFH 1.8 MFH &. & MPH 23.4 DEG.

ENERGY DISSIFATED EY DAMAGE VEH#1 TB479.3 F1-LP VEH#I 31228.8 FY-LB

J L T R T S SR T LR T

. . . RELATIVE VELOCITY DATA
. . . "
. . SMEED CHANGE . .
v f . BASIS « SFEED ALONG LINE T'RU CGS (LINEAR MOMENTUM)
» - - - VEH® L 16.6 MFH
. A oF . VEHND Toe MR
. . . P . . “ SFEED ORTHOG. 1O CG LINE (LINEAR MOMENTUM)
« FWD ¢ LAT « TOTAL » LONG. * LATERAL = RESULTS . VEH# L 2.8 MPH
. . . . « M . VEHNT -25.5 MPH
T P CLOSING VELOCITY (LINEAR MOMENTUM)
. - - - “ - - 19.7 MPH
v . - L3 . + SPINDUT TRAJECTORIES AND #
. 1T e LA e 1.6 % 6.9 w 18.5 «# CONSERVATION OF LINEAR SUMMARY OF DAMAGE DATA (» INDICATES DEFAULT VALUE)
. N . . . « MOMENTUM .
v . . . . . .
trasssnse . Ty VEMICLE w 2
. . . . . . M
. . « - . » SPINOUT TRAJECTORIES AND «
. . . . . * DARAGE - ‘CATEGORY 4
. . . * . * - 4479.9 LBS. LBS.
resvecansasnenss wvscansa 1 2FDEW]
. * . h . 7I.d IN. -5 IN.
« 1.8+ 8.3 e 8.3 # DAMAGE DATA ONLY . 2. IN. .2 IN,
« . . . M .6 IN. L3OIN,
L& IN. L2 IN.
.2 IN, .9 IN.
.0 1IN, .4 IN
L@ IN. .8 IN.
.8 15,0
VEHICLE # 2 1.00 . 1.00 .
45.0 DEG. 43.9 DEG.
1.7 1IN, 7.8 IN.
P N T T LT T von
> M * M DIMENSIONS AND INERTIAL FROFPERTIES
- IMFAr] . . *
. oFEEL . SFEEL CHANGE . .
. VFH . HEH . BASIS - Al = 4.7 INCHES az = 4.7 INCHES
. . . . ot = 5%.2 INCHES b2 = £9.2 INCHES
B T Y oF . oy - o1.B INCHES THZ - s1.8 INCHES
. M . . - * ¢ 11 = 47364, LE-SECH#D IN 12 = 45688.7 LD-SECw#2-IN
® FWD s LAT = TOTAL » LONG. « LATERAL » RESIA.TS M M = 11,592 LB SECes2/IN M. = 1..189 LB-SECeel/IN
. . . . . - . iy = 78.8 INCIHES XF2 - 98.8 INCHES
EeisenuEreeaReRInatenTEtOR AR RN E T RS bt I llale incees opliey = 114.8 INCHES
. . . v . . . 51 = 38.5 INCHES A = 38.5 INCHES
. . . . « » SFINOUT TRAJECTORIES AND ®
+ IS0t e LB e 2.8 e 18.8 « -6.6 = CONSERVATION OF LINEAR
. . « . . * MOMENTUM .
. . . . . . . ROLLING RESISTANCE
rerssesucsranananune “nunnn
. . . . M . M VEHICLE # 1 VEHICLE # 2
. . . . . + SFINOUT TRAJECTORIES AND ®
. . . . f + DAMAGE » e a1 RF-= .01
. . . . . . . - 61 .81
T T ) oo .20
M M M . M e ]
« 11.2 % 7.9 % -7.9 = DAMAGE DATA ONLY .
. . . “ »
CevecnstrenreRRINET TR RO NREY
MU e e .87
SCENE INFORMATION
VEMICLE # 1 VEHICLE # 2 Flgure 4 (continued)
IMFACT X FOSITION S10.90 FT, @0 FT.
IMFACT v PUSITION .28 FT. 1.90 FT.
IMFACT HEADING ANGLE .o9  DEG. 89.99 DEG. 0.100 inl t
. seconds main ed )go] i
£L51 X -FUSITION Jsa F1. 6.30 FT. : ’ L y 10 reduce processing
Fest y-rosiTion pen 1 3108 ET time. This decision was supported by the fact
REST MEADIN X 5. . . .
iner 1om O o1l TON o o that CRASH2 also used a 0.100 second interval.
AMOUNT OF RUTATION sed 360 For most results, the effect of this change was

less than 0.3 mph.
The RICSACT7 data, selected in order to

COLLISION CONDETIONS

VEHICLE # 1 VEHICLE # 2 . i
demonstrate the effects of some minor coding
SN T e e xR errors and additional diagnostic error
e 1 e SRR messages, is shown in figure 8. This data
pa - - DEGREES eeTan -# DEGREES described an impact between a Chevrolet
cErraT ION CONDITIONS Chev_elle (Vehicle #1) and a Volkswagen Rabb}t
(Vehicle #2). The Chevelle struck the Rabbit
s e weszooo= Rt at the passenger-side door. The angle of
Feisi - lvoes Feisz = 9.0 DEo impact was 120 degrees (slighlty more than
Sl T 5 s Bl T eiE Besmec perpendicular). ~ The Rabbit responded by

spinning clockwise and rolling a short distance

before coming to rest. The Chevelle was

redirected by the force of impact, but

continued along an essentially straight course,
Figure 4 - CRASH3 results with RICSAC8 input without spinning, to its rest position.
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SUMH s K . 01 EDCRASH KEBSULTS

ENGINEEFING DYNAMILCS CORFORATION Late 12-#6-1984 Time 11:82:44
SAMPLE KUN KICSAL CASE %8 11/26/8¢

WARNING MESSAGES:

NO MESSAGES

VEHICLE # 1 -

SFEED CHANGE BASIS
MEH

RESULTS

SFINOUT TRAJECTORIES AND
CONSERVATION OF LINEAR
HOMENTUM

SKFINOUT TRAJECTORIES AND
DAMAGE.

VEHICLE % 2

SFEED CHANGE BRSIS
MFH

oF
RESULTS

TQTAL LONG. i LATERAL

D U U

SUMMAKY Of DAIMAGE DATA

NOTE:  “w»”

CLASS (SIJE) CATLGOR.

1ndicates

VEHICLE #1

4
4477.9 LES.

default value

VEHICLE #2

4
4719.9 LDS,

WEIGH1

pc 11FDEWL PIRYEND
DAMAGE WIDTI¢ 73.9 IN. B84.5 IN.
CRUSH DEPTH 1§ 2.7 IN. 6.2 IN.
CRUSH DEFTH 2 3.6 IN, 8.3 IN.
CRUSIH DEFIH T e IN, 9.2 IN.
CRUSH DEFTIH 4 “w.@ IN. .9 IN.
CRUSH DEFTH S 8.8 IN. 4.4 IN,
CRUSH DEF'TH & @2 IN. 2.8 IN.
DAMAGE MIDPOINT OFFSET ¥.0 IN, 15.9 IN.
DAMAGE ENERGY 3047%.3 FT. LB. 31220.9 FT.-LB.
MAGNITUDE OF PRINCIFAL FORCE 477.6.9 LB, S4794.6 LB.
DIRECTION OF FRINCIf'AL FORCE -45.0 DEG. 45.9 DEG.
MOMENT ARM OUF PRINCIFAL FORCE T¥.0 IN, 19.2 IN,
DAMAGE CENTROID 1.7 IN, 7.8 IN,

DIMENSIONAL, INEKTIAL AND TIRE/ROAD PROPERTIES
VEHICLE #1 VEHICLE #2
CG TO FRONT AXLE S4.7 IN. S4.7 IN.
CG 10 REAR AXLE 7.2 IN. %9.2 IN,
TRACL WIDTH &1.8 IN, 61.8 IN.

fAW MUMEN] OF INEKTIA
MASS

43744, LB-SEC-2 IN
11,6 LB-SEC 2/IN

45609.7 LL-SEC 2-IN
2.2 LB-BEC"2/IN

BODY LENGTH FROM CG TO MRONT 98.8 IN. 968.8 IN.
BODY LENGTH FROM CC TO REAR -114.2 IN, 114,98 IN.
BODY WIDTH 7.9 In. 77.0 IN,
FOLLING HESISTANCE
RIGHT FRONT TIRE (Y’ 2Y .01
LEFT FRONT TIRE @.a1 e.81
RIGHT RLAR TIKE 3.20 3,29
LEF T KREAR IIRE a.la 8.29
TIE 'ROAD TRICTION v.87 ¥.87

Figure 5 (continued)

SUMMAR Y o

HICSAL #8 CHEVELLE

VS CHEVEILE

3

CRASHS

RESULTS

e - Py
H H SFINOQUT TRAJECTORIES AND
12.0 0 1@.@ ¢ 6. b CONSERVATION OF LINEAR H
H i MOMENTUM H
. e e e e e et
0.2 ! “@s 2.8 SPINQUT TRAJECTORIES AND !
: d DAMAGE H
e e me e o b e et . e e mme e ey
[T PP 7.9 ¢ 7.9 DAMAGE DATA DMLY :
SCENE [NCORMATION
VEHICLE #3 VEHICLE #2
IMPALTY X-FOSITION lﬂ.‘?rﬂ FT. .28 F1.
IMFeCT ¢ FOSITION 3.2 Fr. 1.9@ Fr,
IMFACT HEADING ANGLE .09 DEG. 89.97 DEG.
RES) X FOSITION 3.5 FT. ' 5.5 FT.
REST v POSITION 12,90 FT. 21,80 F1_’.
REST IEADING nNGLE 4%.99 UEG. 14a.78 DEG.
DIRECTION OF ROQTATION -EN _—L'M‘
AMOUNT OF ROTATION 60 T6H
IMFACT INFORMATION
YEHICLE #t VEHICLE «2
IMCACT X-FOSITION 19.9 Fr. »ﬂ.f F;.
IMFACT ¢ PUSITION .2 F('_ 1.9 FT.
IMPACT HEADING ANGLE A3 DEG. - 9@.0 DEG.
IMPACT ANGULAR ROTATION RAIE #.8 DEG/SEC ¥.# DEG/SEC
IMFACT SIDESLIF ANGLE v.4 DEG. @.8 DEG.
SEFAKATIUN 1 TUSI1I0N 4.7 FI. ﬂ.f FT.
SEFARATION v -FOSITION .2 FT. 1.5 FI.
SEFARATION HEADING ANGLE . DEG. s DEG.
SEFARATION FORWARD VELOCIT. 9.8 MFH 15.7 MFH
SLPRAFATION LATEKAL YELOCITY 1.5 MFI Err MF’lf .
SEFARGT ION ANGULAK ROTATION RATE SU.2 DEG/SEL S4.% DEG. GEC

INFSCT SPFEEL (iFJECTORY D CONLERVATION OF LINUAKR MOMENTUMY

FORWARD LATERAL
JEH M1 165.7 NFH wow MTH
VEH #2 5.7 MFH G.4 MFH

SFELD CHANGE «DAMAGE

TOTAL LONG. Lai, ANG.
VEH %1 11.8 MFH “H.Z MY 8.2 MFH -4%5.% DEG.
VEH 82 11.2 MFH 7.9 MFH 7.9 MFH 4S.¢ DEG.
SFEED CHANGE (LINEAR MOMENTUM)
TOTAL LONG. LAT,
VEH #1 12,6 MFH 4.9 MFH 14.% MFH G
VEM W2 12.0 MFH 4.0 MFH 6.5 MFH 13,4 DEG.
ENERGY DISSIFATED BY DAMAGE: VEH #1 8477, FT-LE VEH #2 T1229.9 FT-LEB

HELATIVL VELUCIT. LaTA

GFEED ALOMG LINE THKU CBS (L INERAR HOMENTUR.
VEH ¥} 16,85 111
VLM W2 2.9 el

SPEED ORTHUOG. TO CG LINE (LINEAR MOMENTUM)
VEH #1 X
VEIL 82

CLNSIMG VELOCT Y (L IMEAR MOMENTUR
1%, MEH

Figure 5 - EDCRASH results with RICSACS input

IMFACT SFEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)

FUORWARD LATERAL
VEHN] 19,2 MEH 9 MPH
VEH®L £1.8 MFH & HPH

SFEED CHANGE (DAMAGE)

TOTAL LONG. ANG.
YEH#L 11.68 MFH B, 3 MPH = -4S.¢ DEG.
CEHND 11,2 MEH L MEH ST.y HMEH 45,4 DEG.

SFEEDL CHANGE (LINEAF MOMENTUM)

TOTAL LONG, LAT. AaNG.
VEH#1 18,1 Hrn -15.9 MEH 8.5 MFH 8.1 DEG.
VN 17,2 MPH B. 1 MK 1.1 MPH ©1.0 DEG.

ENERGY DISSIFATED By DAMAGE ‘/LH#!l 18479, FT-LE
SFEED ALONG LINE IHRU CGS (LINEAH MOMENTUM)

VEHNZ T1220.8 FT LB

vEH®L 19,0 MK
A S.b M
SFEED ORFHOL. 10 CG LINE (LINEAR MOMENTUM:
VEHNL 2.5 Men
VEHINZD ~21.7 MPH
CLOSING VELUCITY (LINEAR MOMENTUM)
1.7 MFH

HEAJFLTORY STMULATION FESUN TS

A4es VEHIELE # 1 DID NGT CUNVERGE ++40
tres VEHTCLE # 2 DID NOT CONVERGE ++++

NRUNS (1) = = NRUNS () = s
€10l = N E2(1) = A7
E1(D) = NIl E2(2) = . 200
€100 = .59 ET(3) = L1855
EL(4) = e €2(4) = .09
El.S - L e £ = o
amMir = e UMING = .31

Figure 6 - CRASH3 results for RICSAC8 with a
trajectory simulation



SUMMA Y OF EDCFKASH WESUL TS

ENGINEERING DYNAMICS CORFORATION Date 11-w6- 1984 fime 11:17:14
SAMPLE RUN RICSA(L CASE #8 11/26/8¢

WARNING MESSAGES: NO MESSAGES

IMFaLT STEED IRATECIORY AND CONSEFRVATION OF LINEAR MOMENTUM)

FURWAFD LATERAL
JEH WL 19.1 MY @ M
VEH T 2201 MFH 0. MEH

SFEED CHANGE (DAMAGE)
10TAL LONG, LAt ANG.

VEM Wl 11.6 MF 8.7 MFIt 8.3 MY 4%.4 DEG.
VEH L 1.0 HEH 7.9 MFH TP MEH 44,8 DEG.

SPEED CHANGE (LINEAR MOMENTUM,

TOYAL LONG. LAT. ANG .
VEH 81 10.48 MEH 15.8 MFH 8.7 MPH 8.7 DEG.
VEH 8T 7.1 MFH 8.2 MFH -15.d MEH 61,7 DEG.

ENERGY DISSIFATED kY DAMAGE: VEH #1 I8479.T FY-LE VEH #2 T1224.9 FT-LB

FELATIVE VELOCITe DATA

SFEED ALONG LINE THRU (GS (LINEAR MOMENTUM.
VEH #1 19.9 MFH
UEIL el 2.6 MFH

SECED OFTHOL. TO CG LINE (LINEAR MOMENTUMY
VEH #1 T.TOHFH
VEH A2 S1.% MPH

CLOSING VELOCITy (LINEAR MOMENTUM)
1.6 MEH

TRAJECTOR: SIMULATION RESULTS

FEIAVERICLE 8 1 DID NOI (UNVEFGE +ee
SUesEHICLE 2 OID WOT CONVERGE vt

VEHICLE #1 VEHICLE ®2

NUMEER OF RUNS  (MAXIMUR OF 50 b 5

1ES1 FOSITION » v EFRON (=, 160 N F.0ae
END OF ROTATION X ¥ ERROR ( =.1%) o, a. o
FLST OSITION HEADING ENROR (=, 1) N ECRR -1
END OF ROTATION HEADING ERROR  =.135) 4 A, B
FOINT ON CUYE ¢« LRROR o =, (5 v W,
TOVAL WEIGHTED EFROR SLIM T @214

Figure 7 - EDCRASH results for RICSAC8 with a
trajectory simulation

In order to process the input for RICSACT,
the CDC-Cyber computer required approximately 1
second; the IBM PC required 3.9 seconds.

The computation results for CRASH3 are
shown in figure 9 and the results for EDCRASH
are shown in figure 10. The complete form of
output is shown in order to illustrate all the
differences.

CRASH3 did not display any warning
messages. EDCRASH generated two warning
messages, both informative (i.e., non-fatal).
The first message (refer to figure 10) told the
user of an inconsistency in the damage data:
Since the damage data (user-measured and table-
supplied) for each vehicle was totally
independent, but the vehicles' response had to
obey Newton's three laws of motion, this was a
check of consistency for vehicle damage data
for both vehicles. The error message generated
by EDCRASH indicated the force required to
cause the observed (measured) damage for each
.vehicle was very dissimilar (the difference was
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GENERAL INFUT DATA

1 L RICSAC a7 CHEVELLE VS KAEBIT
2 Class/Wergrts o .ourenenrarnnennne.s a T O T

. CDC/FDOF # 17 L. LEHFLEW!

4. CDC/FDOF w 27 WIRDEWS i

S. Vehicle { % I Stifiness Catequries 4 2

SCEHE DATA

6. FRest and 1mpact™ v or H) ES

7. Rest coordinates ......... LT 1B.1 16,9 IU
8. Impact coordinates .

9. Any slip anales™ (Y
10, 3iip anqles 1 and O

7 41.4 62

IMFACT TO-REST FATH DHIA

11, Sustained cortact™ (Y or NJ ....... NO
12. Kotating siidding of #17 (Y or N) . NO
17, Shi10ding stop betore rest’ (r or HY N-°a

14. End of skidding coordinates” ...... N/A
1%. Curved path™ (Y or N» ..
16, Point on curve .........

17. Rotation direction #1 .. Cw
18. More than 36@ degrees™ (Y or N) ... NO
19. Rotating shidding of #27° (¥ o N» . (ES
2@0. Skidding stop bhefore rest” (Y or N} YES
21. End of skidding coordinates ....... 27T 3P Se

2Z. Curved path™ (Y ar N» ....

IT. Fuint on Luwrve ... ve NOA
24. Rotati1on direction 82 ... Cw
25. More tha 360U dearees” Y or M) ... NO

TIRE/ROAD AND TRAJECTORY SIMULATION DATA

26, Tire-ground friction coef. ........ .87

27. Roll. resistance option (L oo ) .. 1

28. foll. resistances. 1ndiv. wheels #1 .21 .@1 .2 .2

9. Roll. reststances. indi.. wheels #2 .01 .21 1. .2
¢. Decel. level #1 ...... feiiaee. N/A
. Decel. level #2 .... 7Y

IZ. Traiectory simulatio . NO

II. Steer angles 1 .... o N/A

34, Steer angles #2 .........- .. N/A

T%. Terrain boundary”™ (¥ or N} . .« N/A

T6. Boundary POINES .eee.ieons .. N/a

37. Secondary friction COEt. ..eeea-een N/A

VEHICLE DAMAGE DATA

8. Damage dimensions [
I9. Grde damaege width #1 .
9. Stde Cenaqe depth #1
41. 51de damage m1dpotnt oftset W1

4. End damage widtho Wl o..oiiiiaaaa.s
4T, Erd damage deptt Ml ..ol
44. End damage midpoint of fset #1 .
4%, Side damage width #2
46. Side damage depth #.
47, Side damage aidpoint

4B, £nd Jameqe width #U
49, End damage depth #2
S End damaqe mdpoint of fset B

Figure 8 - RICSAC7 input data set [5]

greater than 100%). The source of the error
was either (1) incorrect interpretation and/or
measurement of damage, or (2) inappropriate
stiffness data used by the program. The cause
of the error should be identified, either by
close inspection of the damage measurements or
the vehicle crush stiffness parameter(s).

The second warning message issued by
EDCRASH informed the user that an adjustment of
vehicle separation velocities was performed in
order to satisfy an assumption common to both
programs: The regions of each vehicle which
contact one another during the collision must
reach a common velocity just prior to
separation. The separation velocity for each
vehicle was determined independently during the
post-impact phase calculations. If the input
data (impact/rest/end of rotation/point on
curve positions, tire-ground friction, and
wheel lock-ups) were perfect - and if the 3-
degree of freedom model were exact - then the
velocity (speed and direction) of the regions
of contact would be exactly the same for both



SUMMARY 0F CRASHZIT RESULTS
IMFACT SPEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)
RAL

FORWARD
VEH®1 6.2 MPr . MY
VEHSZ 34,9 MEH LM

SFEED CHANGE (DAMAGE)
L

RICSAC #7 CHEVELLE VS RABRIT TUTAL LAT. aNG.

VEH®1 19.7 MFH “17.1 MPH 9.9 MFH -78.9 DEG.
VEHN2 43.4 MFY T MPH 2.5 MEH Pt @ DEG.
SPEED CHANGE (L INEAK MOMENTUM)
TOTAL LONG. Lat. ANG.
VEHICLE & 1 VEH®1 15.0 MPH ~13.% MPH 6.5 MFH ~2%.6 DEG.
VEH#Z 32.7 MFH “27.8 MFN S18.4 MEH 34.4 DEG.

ENERGY DISSIPATED BY DAMAGE VEH#1 L3186.8 FT-LB VEHEY 196486.7 FT-LE

- - - »
: l';;:‘é; : SPEED CHANGE : : RELATIVE VELOC1TY DATA
. MPH * MPH - BASIS *
. . . oF : SPEED ALONG LINE THRU CGS (LINEAR MOMENTUM)
. M . . . . VEH#L 24.9 MPH
+ FHD + LAT + TOTAL ¢ LONG. * LATERAL & RESULTS : mg“;:Tm' ;65;':“‘5 (LINEAR MOMENTUM)
VEHS1 -8.84 MFH
. . . . . M M VEHOD -34.2 MPH
- - - - . « SPINOUT TRAJECTORIES AND CLOSING VELCK:I'TV (LINEAR MOMENTUM)
> 26.2 » Se 150 13.5 e 6.5 « CONSERVATION OF LINEAR  * 32.2 wev
- - - - - * MOMENTUM -
. . - - 3 - - SUMMAKY UF DAMAGE DAIA % INDICAIES NEFAUL T VAaLLE)
: : : : : : SPINOUT TRAJECTORIES AND : VEHICLE # 1 VEHICLE ® T
- - - - - * DAMAGE -
~~CATEGOKY 4 TyPE~- - - -~ CAIEGORY
. - - - - ~- 3780.8 LBS. WEIGHT - —- =~ 1793.8 LS.
* 19.7 = -17.1 » 9.9 « DAMAGE DATA ONLY - -~ IFDEWI] coc - - AIRDEWS
- - - - - 6.9 IN. [ i 198.% IN.
3 IN. 1 - .o IN.
1.2 IN, [ .2 IN.
2.8 IN [ R it -8 IN,
3.8 IN Cé- - «8 IN.
5.8 IN <Y B 3 IN.
VEHICLE @ 2 6.7 IN ce T IN,
4. - 5
Lowns . fai0 "L »
. @ DEG ANG - = .# DEG.
cnnua . 1%5.6 IN, b - - +3 IN.
- HEnCT . - L]
. SFPEED = SPEED CHANGE » - GINENGTONS @ND INEFRT [l FROFERTICS
- MPH . HFH . RASIS .
sesne (2122% oF L] (23} - T4, INCHES LR =
- - 3 - - - L b1 = 9.0 INCHES (XN
* FwD & LAY e TOTAL # LONG. # LATERAL # RESWLTS . TR1 = ei.8d INCHES ", =
- - - - - - . 11 = Sl LB BLCee g1 [N + .
-n ML - i I E
: : . : . : . - .
- . . - - *» SPINOUT TRAJECTORIES AND « LN . EEEER]
e 34.9 & P e 32,7 ¢ Z7.0 % 18.4 « CONSERKVATION OF LINEAR » WSt o 1UNES
- . - - - * MOMENTUM .
. . . . . * SPINOUT TRAJECTORIES AND A
" . - . . * DAMAGE L4 LOLLiy A VEHICLE # .
. i 41
] . - - L4 e 1 .81
* 43.0 ¢ -37.2 &« -21.5 e DAMAGE DATA ONLY . wh - e e 1o
- - . » I .29 .20
SCENE INFORMATION MU - mee e 87
VEHICLE # | VEHICLE # 2
Figure 9 (continued)
IMPACT X-POSITION B FI, 1@.78 FT.
IMFACT v POSITION . FT, 3.45 FT.
IMPACT HEADING ANGLE «#4 DEG. 119.99 DEG.
REST v-rOS1TiON ek aies e vehicles. This velocity was computed at the
T . 261.%9 . s Py
FEST MEADING AnGLE te.me e el-o7 bee damage centroid and compared for both vehicles.
END-OF -ROTATION ¢-FOS11ION_ e Fn Solen Fr. If the velocity difference was less than 10
END-OF ROTATION HEADING ANGLE .82 DEG. 249.97 DEG. pement, the average VelOCity was used as the
BrounT OF RoTATION O Bea e common velocity. If the difference was more,
‘ then the separation velocity for one vehicle
cortision colpione was decreased and the other was increased by 10
VEHICLE ® 1 VEHICLE w = percent. If the resulting difference, after
e = e war = o the adjustment, was less than 10 percent, then
Fsite - Lo uoeees Feiew - iceln otonees the observed warning message (see figure 10)
BetAl = o beoees 1A S e veokees was issued. If the resulting difference were
_ _ . still greater than 10 percent, then a fatal
SEFARRIION COMDE LS error message would have been issued and
st - Lo Fr. s . se.r T execution halted. The purpose of such a check
e Feisz - 1zele oes T was to disallow an analysis which was not
b T i T within the scope of the analysis, such as a
FOISDL = o DEG/SEC FSISDS = 1346.1 DEUL. BEL

sideswipe. Both programs performed the above
check. However, CRASH3 only reported the
Figure 9 - CRASH3 results with RICSAC7 input condition after two adjustments and did not
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SUMMAK ¥ or

ENGINEERING DYNAMICS CORFORATION

EDCRASH

Date 12-28

KICSAC #7 CHEVEILE VS RABERIT

WARNING MESSAGES:

#FESULTS

1984 Time 1

Dumage ‘based wstimates for Magnitude of Frincipal Fource arossly violate

Newtorn's third law of motion.

corcections Lo Damaqe Duta and adiust as Necessary.
The Magnitudes of Frincipal Force for Vehicles ! and 2 should be

approximetel y egqual.

COMMON JELLOTITY WARNING

The ad justment does not e:ceed 19

AN «d ustment of

VEHICLE # 1t

percent.

Feview the output to determine required

vehicle separation conditions
was performed in order to be consistent with the common velocity assumption.

IMPACT : :
; SPEED SPEED CHANGE : BASIS :
; MFH MFH : oF :
P o - RESULTS :
i FWD ! LAT LATERAL :
G S S e :

H ! SPINOUT TRAJECTORIES AND

L2509 0 4.5 i CONSERVATION OF LINEAR H
H ' i MOMENTUM i
e e e J—
‘ 2.0 ! 2 2.9 SFPINOUT TRAJECTORIES AND
H i DAMAGE H
- B
1 7.9 DAMAGE DATA ONLY H
VEHICLE # 2
IMFACT : H
SFEED SPEED CHANGE i BASIS ;
MU MPH N OF H
S==—— s s emm s KESULTS H
Fwl i LONG. @ LATERAL H
R [ o mm b mmm o e e tmmmemmm
H ‘ i : i SFINOQUT TRAJECTORIES AND !
4.7 0 o r2.1 0 -26.7 0 17.9 i CONSERVATION OF LINEAR i
P : : : i MOMENTIM [
- e B R . e s me——emiemeae= '
@l o [ ] o, @.a ! SPINOUT TRAJECTORIES AND !
! DAMAGE H
. . oo [P e e
P-37.2 00 21.5 ! DAMAGE DATA ONLY H
SCENE INFORMATION -
VEHICLE #1 VEHICLE #2
IMFACT Xx-FOSITION a,ea FT. 18,70 FT.
IMPACTY v FOSITION ¢.00 FT. 3.45 FT,
IMFACT HEARDING ANGLE 2.23 DEG. 119.99 DEG.
REST x-FOSITION 84.5¢ FT. 22.9a FY.
REST Y-FOSITION 18,2@ FT. 41.40 FT.
REST HEADING ANGLE 16.%8 DEG. 261.97 DEG.
END-OF -RQTATION X FOSITION w.da FT. 2.8 FT.
END-OF- ROTATION Y-FOSITION w.ed FT. ca.wg FT.
END -OF ‘ROTATION HEADING ANGLE @.a3 DEG. 249.97 DEG.
DIRECTION OF ROTATION Cw CwW
AMOUNT OF ROTATION 360 < 3&8

IMFACT INFORMATION

VEHICLE #1 VEMICLE #2
IMFACT X FOSITION ».@ FT. 18.7 FY.
IMPACT ¢« +OSITION ¢. 8 FT. 3.8 FT.
IMFACT HEADING ANGLE @.9 DEG. 128.4 DEG.
IMPACT ANGULAR ROTATION RATE @.2 DEG/SEC @.8 DEG/SEC
IMFACT SIDESLIF ANGLE @.@ DEG. .9 DEG.
SEFAFATION X FOSITION w.Q FT. 1@.7 FT.
SEFARATION v -FOSITION e, & FT. 3.5 FT.
SEPARATION HEADING ANGLE w.® DEG. 128.9 DEG.
SEPARATION FORWARD VELDCITY 12.7 mPH 8.8 MFH
SEFARATION LATERAL VELOCITY &.5 MPH =17.9 MPH
SEFARATION ANGULAR ROTATION RATE #.8 DEG/SEC 171.7 DEG’/SEC

IMPACT SPEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)

F ORWARD LATERAL
VEH #1 15,9 MFH @, 3 MPH
VEH #2 34.7 MPH .8 MFH

SFEED CHANGE (DAMAGE)
TOTAL L

ONG. LAT. ANG.
VEH #1 19.7 MPH -17.1 MFH 9.9 MPH -39.9 DEG.
VEH W2 43,9 MPH ~37.2 MPH -21.5 MPH 3. DEG.
SFEED CHANGE (LINEAR MOMENTUM)
TOTAL LONG. LAT. ANG.
VEH #1 14,8 MPH ~13.3 MPH 6.5 MPH 1 DEG.
VEH #2 2.1 MPH ~26.7 MPH -17.9 MPH 9 DEG.

ENERGY DISSIFATED BY DAMAGE: VEH #1 23188.8 FT-LB VEH 2

Figure 10 - EDCRASH results with RICSAC7 input

196487.1 FT-LE
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RELATIVE VELOCITY DATA

SFEED ALONG LINE THRU CGS (L INEAR MOMENTUM)
VEH #1 24,7 MFH
VEH #2 7.7 MRH

SFEED ORIHODG. 10 CG LLINE (LINEAR MOMENTUM:
VEH #1 8.9 MFH
VEH 4. T3.9 MFH

CLOSING VELOCIT/ (LINEAR MOMENTUM)

31,9 MRH
SUMMARY OF DAMAGE DATA
NOTE: ‘a8’ indicates default value
VEHICLE #1 VEHICLE #2
CLASS (51ZE) CATEGORY 4 <
WEIGHT 170@.@ LES. 1700, LES,
cpc 11FDEW! PIRDEWA
DAMAGE WIDTH b&.& IN, 198.5 IN.
CRUSH DEFTH 1 a.¢ IN. 2.0 IN.
CRUSH DEPTH O 1.3 IN. 11.8 IN,
CRUSH DEPTH 3 2.0 IN. 17.8 IN.
CRUSH DEFPTH 4 T.8 IN, 1.4 IN,
CRUSH DEPTH S 5.9 IN. 21.7 IN.
CRUSH DEFTH & m 3 ING .2 IN.
DAMAGE MIDPOINT OFFSET 4.4 [N H.Z IN.
DAMAGE ENERGY L7188.8 F1. LB. 19564B7.1 FT. LB
MAGNITUDE OF PRINCIFAL FORCE F4917.4 LB, 2456496.9 LB.
DIRECTION OF FRINCIFAL FORCE J@.@ DEG ¢.@ DEG
MOMENT ARM OF FRINCIFAL FORCE 61.8 IN. 22.2 IN.
DAMAGE CENYROID 15.6 IN. .

DIMENSIONAL., INERTIAL AND TIRE/ROAD PROFERTIES
VEHICLE #1 VEHICLE #2
CG TO FRONT AXLE 4.7 IN. 4&6.7% IN.
CG TO REAR AXLE 9.2 IN. Se.1 IN.
TRACK WIDTH 61.8 IN. 54,4 IN.
YAW MOMENY OF INERTIA 3%822.2 LB-SEC 2-IN 12983.2 LE-SEC 2-IN
MASS 9.6 LB-SEC"2/IN 4.4 LB-SEC"2/IN
BODY LENGTH FRUM CG TO FRONT 8.8 IN 83.3 IN.
BODY LENGTH FKOM CG TO REAR 114.4 IN -91.6 IN.
BODY WIDTH 77.@ IN. &7.2 IN.
ROLL ING RESISTANCE

RIGHT FRONT TIRE B.a1 @.91
LEFT FRONT TIRE @.an a.o1
RIGHT REAR TIRE a.ro 1,08
LEFT REAR TIRE a.ce S.20
TIRE/ROAD FRICTION .87 w.37

Figure 10 (continued)

issue a fatal error in the event the common
velocity assumption was not satisfied.

The next difference between the programs
was found in the IMPACT SPEEDS AND SPEED
CHANGES. This difference depended on the
CRASH3 code which was used and only occurred if
the post-impact path for vehicle #2 had an end-
of-rotation position. It was due to an error
in subroutine START2, wherein the separation
coordinates for vehicle #2 were incorrectly
assigned the end-of-rotation coordinates rather
than the impact coordinates:

5 XCSF=XC12
YCSF=YC12

should
be

5 XCSFP=XC2d
YCSF=YC2

The only other difference was found in the
SUMMARY OF DAMAGE DATA section of output,
described earlier. Reporting the Magnitude of
Principal Force was useful when an error
message indicated there was a gross difference
in vehicle damage data (figure 10).



After the preliminary output was reviewed,
a rerun was performed and a trajectory
simulation was requested. The response time
for a CDC-Cyber computer was 4.5 seconds. The
processing time for the IBM PC was 239.3

seconds. (Only the abbreviated results are
displayed.)
SUMMAERY oF CHFASHT FE3ULTS
RICSAC #7 CHEVELLE Vb RARBIT
IMPACT SFEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM!}
FORWARD LATERAL
VEH® L 2B.6 MFH . MEH
VEH#2 48.2 MFI .8 MFH
SPEED CHANGE («DAMAGE
107AL LONG. LAT. ANG .
VEHN L 19,7 MFH ~17.1 MPFH 9.9 MFH Id.w DEG.
VEM#Z 4z.a MR TTLL MH 21.5 MH .9 LEG.
SFEED CHANGE (L INEAR MOMENTUM»
TOTAL LONG. LAl ANG.
VEH#®1 17.8 Méh 1%.3 Fmbiy Werd MEH ~Iv. 4 DEG.
VEH®D 8.8 MPH 1.0 M 17.0 M 2%.% DEG.

ENERCY DISSIFATED Ev DAMAGE
SFEED ALONG LINE THRU CGS (L INEAk MUMENTUM»

JEHSL  22188.8 FT LR VEHSL 176484,9 FT-LE

VEH® 1 7.7 MFH
VEHRD 19,1 HMFH
SFEED ORTHOG. TO CU LINE (LINEAR MOMENIUM)
VEH#1 3.8 MFH
VEH®Z 47.1 MFH
CLOSING VELOCITY (LINExf MOMENTUM)
37.4 MFH

TRAJECTOFY SIHULATION RESULIS

444+ VEMICLE % 1 DID NOT CONVERGE ¢+++
+iss VEHICLE # 2 COUNYERGED O.k. +eve

NRUNS (1) = S NRUNS (J) =
SRR b La73 ELChy -
E1(D) = ~ =
E1(D) = 1.2 -
E1(4) - - DA -
EL(S) bl - 3 =
GMINL = 1.292 UMIND =

Figure 11 - CRASH3 results
trajectory simulation

for RICSAC7 with a

Inspection of the output results (CRASH3,
figure 11; EDCRASH, figure 12) again revealed a
difference in IMPACT SPEEDS AND SPEED CHANGES.
The difference was due to two different
sources: (1) the end-of-rotation error, and
(2) increasing the integration time interval
from 0.025 to 0.100 seconds. Each of these
differences has been described earlier. The
effect of increasing the integration time step
has been shown to be minor (refer to figures 6
and 7). The major cause of the difference was
the end-or-rotation error, which provided the
trajectory simulation a substantially different
set of initial velocities (especially angular
velocity; see figures 9 and 10, Separation
Conditions).
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SUMHMARY OF EDCRASH RESULTS

ENGINEERING DYNAMICS CORFORATION Date 2 @8-1984
KICSAC #7 CHEVELLE VS RREBIT

Time 1T:158:100

WARNING MESSAGES:

Damage-based estimates for Magnitude of Frincipal Force grossly violate
Newton's third law of motion. Review the output to determine required
corrections to Damage Data and ad,ust as nacessary.

The Magnitudes of Frincipal Force for Vehicles 1| and 2 should be
approximately equal.

COMMON VELOCITY WARNING -- An adjustment of vehicle separation conditions
was performed in order to be consistent with the common velocity assumption.
The ad)ustment doss not exceed i@ percent,

IMPACT SPEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)
FORWARD LATE

VEH #1 29.% MPH 0.8 MFH
VEH #2  SI.7 MPH @. 8 MPH
SFEED CHANGE (DAMAGE)
TOTAL LONG. LAT. ANG.
VEH #1 19.7 MPH ~17.1 MPH 7.9 MPH ~30.9 DEG.
VEIL 92 47,9 MPH -27.2 MPH 1.5 MFH 8.9 DEG.
SFEED CHIANGE (L INEAR MOMENTUM)
TOTAL LONG. LAT, ANG.
VEH #1 19.9 MFH “16.2 MFH 11.5 MPH -3%.% DEG.
VEH #2 4.7 MPH 39.4 MFH 18.9 MFH 24.% DEG.

ENERGY DISSIFATED BY DAMAGE: VEH #1 23188.8 FT LB VEH W1 176487.1 FT LE

RELATIVE VELOCIT/ DATA

SFEED ALONG LINE THRU CGS (LINEAK MOMENTUM)

VEH #1 28.@ MPH
VEH #2 11.3 MPH
SPEED ORTHOG. 10 CG LINE (LINEAR MOMENTUM)
VEH #1 ~9.4 MPH
VEH #2 2.5 MPR

CLOSING VELOCITY (LINEAR MOMENTUM)
I9.2 MPH

TRAJECTORY SIMULATION KESULTS

44+ +VEHICLE # 1
+ed4e VEHICLE ® 2T

DID NOT CONVERGE ++¢+¢
CONVERGED OF +o#+

VEHICLE #31 VEHICLE o2

NUMEER OF RUNS (MAXIMUM OF Ji S 2

REST FOSITION X-r ERKOR (:=,1@é) . 205 [ L3
END OF -ROTATIDN X-¥ ERROR ¢ =.15) . oo 2,115
REST FOSITION HEADING ERROR ( =.1@% 1.238 @.918
END-OF -ROTATION HEADING ERROR (:=.15) #0088 -8.1%2
POINT-ON-CURVE X-Y ERFOR (- =.1%) . a8 @, o0
TOTAL WEIGHTED ERROR SUM 1.782 a.243

Figure 12 - EDCRASH results for RICSAC7 with a
trajectory simulation

For purposes of illustration, another rerun
was performed and the trajectory simulation
option was turned off. Then, the post-impact
trajectory of vehicle #1 was changed so that it
was curved. Both programs modelled the curved
path by assuming the path was defined by a
circle. The position of vehicle #1 at impact
and rest defined two points on the circle, and
required a third point to be supplied by the
user. This point allowed the radius (which was
assumed to be constant) of the path and the
path length to be calculated. In addition, it
allowed the separation (i.e., post-impact)
angle to be based on the curved path, rather
than the straight line between impact and rest
positions. This feature was extremely
important, since the separation angle had a
great effect on separation velocity. In order
to use this feature, a point on the curved path
was entered:

Point on curve = 40,4
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RICSAC W7 CHEVELLE V3 RAEBEIT
SUMMARY OF RESULTS

IMFACT SFEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENITUM:

FORWARD LATERAL
VEH#1 26.2 MEH .2 MPH
VEHRD IT.0 MFH L@ MPH

SFEED CHANGE (DAMAGE )

10THL LONG. LAT.
VEH® | 19.7 MPH 17.1 MEI 7.9 MPH
VEHND 43,8 MFH SI7. Mfh Z1.5 PN

SFEED CHANGE LIMNEAR MOMENIUM:

10T LONG. LAY, wliG.
VEH® | 19,8 MFH 1.5 MPH 6.5 MFH -2Y. 7" LEG.
VEH#D 1200 MRR L7090 M 18.% MOH 4.2 LEG

ENERGY DISSIFATED EY DAMAGE VEHRL 122186.8 FI1-LB VEHRD 1964B6,9 FT-LE

RELATIVE VELOCLTr DATA

SFEED ALONG LINE THRU CGS (LINEAR MOMENTUM)

VEH® L LS9l omen

VEH®D 7T MER
SFEED ORTHOG. 10 CG LINE LINEAR MOMENTUM)

VEH# L -8.1 M

VENML 3.1 MR
CLOSING ELOCITY (LLINEAF MUMENTUM)

pRaL 1]
SLCHL INFURMAT TON
CEHILLL # VEMICLL w2

DMFACT « FGSTTLON Lo FTL
IMFALT L ROS1TI0N S AN
IMPALT HEAD MG ANCLE S0 DEC.
RES! X FusiT T S
fEST ¢ FORITION [
REST HERDING ANGLE Lo S DEG.
E0D-DF ROTATION ¥ FO5ST110M Lot BT F1
END OF BOIATION o FGoDT D BTSN i o
END OF ROTATTON HEALING ANLLL Lvhi o VEC. Tav.v Lk,
FOINT -ON CURvE X 1OSLTI0N Wwo F1.
FOINT - ON- CLEE Y- 0S{TI0N ENIEE
Glebe T IUg OF Realml 100 Cw i
AMUUNT OF FOTATTON Te b

Figure 13 - CRASH3 results with point on curve

These results (CRASH3, figure 13; EDCRASH,
figure 14) have been limited to the abbreviated
listing plus the echo of scene data, which
displays the user-entered point on curve.

Inspection of the results again revealed a
difference in IMPACT SPEEDS AND SPEED CHANGES,
due only to the end-of-rotation error.

In order to investigate another feature
related to curved post-impact trajectories, the
point on curve was changed:

Point on curve = 40,8.5

The results (CRASH3, figure 15; EDCRASH,
figure 16) revealed the IMPACT SPEEDS AND SPEED
CHANGES were the same as those obtained without
a point on curve. This intentional result was
caused by the selection of a point which was on
the straight line between impact and rest
positions. EDCRASH issued an informative mes-
sage indicating this was the case. Note the
echo of scene data did not include the user-
entered point on curve. This circumstance
would not lead to erroneous results.
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3 UMM A K ¢ uF E L Ch oA it HE UL TS

ENGINEERING DYNAMICS (OFFORATION Qare 1. -¢8 |84 Time 12:%S:17
FICLAC # CHEVELLE 5 el d T

WARNING MESSAGES:

Damane-taged estimates tor FMagmitade or Frincipal Force arossly violate
Hewton's third law OF motion.  Review the output tc determine reauired
sorrertions 1o Demage Date 03 ad st s (wc@ssar /.

The Magnitudes ot Frincipal Force dor Vetncle$ 1 and . shouly be

appry imatel s equal.

LOMMON VELOCTT Y WARNING -+ A ad ustment of welhicle separatico conditios
was Lertormen 1n order to bLe Consistent with the common veloCity 48Sumplion.
The agjustment Joes not exceed lw percent,

IMFACT SPEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)

FORWARD LATERAL
VEH #1 6.8 MPH @, 9 MEH
VEH #2 4.7 MPH 0w, @ MEH

SFEED CHANGE (DAMAUE )

TOTAL LONG, LAT., ANG .
VEH #1 19.7 MFH S17.1 MFH Q.9 MFH -Z®.@ DEG.
VEH #2 43,0 MEH =37.2 MFH “21.9 MFH 3. ¢ DEG,

SFEED CHANGE (L INEAR MOMENTUM)
TOTAL LONG. Lal. ANG.
VEH #1 14.8 MFH - ~ MFH 6.5 MFH -26.1 DEG.
VEH #I 32.2 MPH MFH 17,7 MEH Zi.8 DEG.

ENERGY DISSIFATED BY DAMAGE: VEH #1 27188.8 FT-LE VEH #2 196487.1 FT-LE

RELATIVE VELOCITY DATA

SFEED ALONG LINE [HRU COS L INEAR MOMENTUM)
VEH Wi S4. T MEH
VEH #2 7.3 MPH

SFEED ORTHOG. TO CG LINE (LINEAR MOMENTUM)
VEH #1 8.0 MPH
VEH 83 =337 MEH

CLOSING VELOCITY (LINEAR MOMENTUM)
2.9 MPH

SCENE IMNFORMATION

VEWICLE W1 VEHICLE w2
IMFACT X-FOSITION B.oa FT. WL Te FT.
IMFACT v -FOSITION domd FT. T.4% FT.
IMFACT HEADING ANGLE ?.9¢  DEG. 119.9% DEG.
REST X -FOSITION B84.54 FT. ::.??l Fr.
REST Y-FOSITION 18.08  FT. aL.4@ P
REST HEADING ANGLE 16.%¢ DEG. 261.%97 LDEG

END UF ROTATION < FOSITION DD SI FT.
END OF -ROTATION v FUSITION a.pe FT. FT.
END-OF -ROTATION HEADING ANGLE v.é  DEG. DEG.
FOINT ON CURVE x FOSITION 4. @0 F1.

FOINT ON CURVE v -FOSITION 4,00 FT.

DIRECTION OF FOTATION Cw cw
AMOUNT OF ROTATION Tent 269

Figure 14 - EDCRASH results with point on curve

Another condition was found which could
cause misleading results, however. In order to
illustrate this potential for error, the point
on curve was again changed:

Point on curve = 40,85

The results (CRASH3, figure 17; EDCRASH,
figure 18) revealed a significant difference
for IMPACT SPEEDS AND SPEED CHANGES. The
difference was caused by entering an errant
point on curve (i.e., one which was too far
away from the impact and rest positions to lie
within the smallest possible circle drawn
through the points which define the impact and
rest positions). This was also the cause of
the common velocity warning message issued by
CRASH3 (figure 17).



3UMT A 0o (S T A Th

RICSKC #7 CHEVELLE V35 RALEILT
SUMHAKY OF RESULTS

IMPACT SFEED (TRAJECTORY AND CONSERVATION OF L INEAF MOMENTUM)

FORWARD LATERAL
VEH#1 6.1 MPH -8 M
VEH#Z 34.9 MFH - MFH
SFEED CHANGE (DAMAGE)
ToTAL LONG. LAT. ANG.
VEH®1 19.7 MPH “17.1 MFH 9.9 WH -3¢.4 DEG.
VEH®#D 43,4 MPH S37.2 MPH 21.5 MPH 3.@ DEG.
SPEED CHANGE (LINEAR MOMENTUM)
TOTAL LONG. . ANG.
VEH#1 15.2 MFH “13.9 MFY 6.5 MFH ~2S.6 DEG.
VEH#Z F2.7 MPH 27.@ WPH 18.4 MFH >4.4 DEG.

ENERGY DISSIPATED BY DAMAGE VEHN1 27188.8 FT-LB VEHNZ 196486.9 FT-LB
RELATIVE 'ELOCITY DATA

SPEED ALONG LINE THRU CGS (LINEAR MOMENTUM)

VEH®#1 24.7 MPH

VEHS#2 T3 e
SPEED ORTHOG. 10 CG LINE (LTINEAR MUMENTUM)

VEHI®1 8.0 MFI!

VEHS2 ~34.2 MPH
CLOSING VELOCITY (LINEAR MOMENTUM)

T2.2 MR
GCENE INFORMATION
VEMICLE # 1 VEMICLE # 2

IMPACT X-FOSITION @ FT. 18.76 FT.
IMPACT Y-POSITION .23 FT. .45 FT.
IMFACT HEADING ANGLE 8@ DEG. 117.99 DEGB.
REST (~POSITION B4.%@ FT. 2.99% FT,
REST YV-FOSITION 18.28 FT. 41.49 FT,
REST HEADING ANGLE 16.%% DEG. 261.97 DEG.
END-OF -ROTATION X-FOSITION e FI. I2.ed FT,
END-OF -RQTATION v-FOSITION LRI I
END-OF ~ROTATION HEADING ANGLE . DEG. 249.97 DEG.
DIKECTION OF ROTATION cw W
AMOUNT OF ROYATION p-Td Ten

Figure 15 - CRASH3 with a point on curve which
was on a straight line between impact and rest

No other significant differences relating
to the calculations were identified.

Graphics

EDCRASH produced a graphical output called
a Site Drawing (figure 19). The display was
limited to the vehicle outlines shown in plan
view and placed at the user-entered impact and
rest positions. A vehicle was also displayed
at the end of rotation if one was entered. If
a point on curve was entered, it was displayed
only as an x-y point, since a PSI (heading
angle) value was not supplied, and the
orientation of the vehicle was not established.

The vehicle dimensions were based on the
user-entered size (class) categories. The
scale of the accident site was established from
the minima and maxima of the impact and rest
positions.

Output data was also displayed. This out-
put was limited to impact speeds, and positions
at impact and rest.

Additional details, including titles,
headings, and other results, were added by
typing the desired information onto the
display.
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SUMMARY oF EDCRASH RESULTS

ENGINEERING DYNAMICS CORPORATION Date 12-99-1984
RICSAC #7 CHEVELLE VS RABBIT

Time 12:17:44

WARNING MESSAGES:

Damage-based estimates for Magmitude of Principal Force greossly viclate
Newton's third law of motion., Review the output to determine required
corrections to Damage Data and adiust as necessary.

The Magnitudes of Frincipal Force +or Vehicles 1| and 2 should bde
approyimately equal.

Usegr entered poant on curve for vehicle #1 was discerded because the
position was practicelly on a straight line between impact and rest.

If the post-impact path was curved and your point on curve was rejected
the results may be erronecus. Check vour data.

COMMON VELOCITY WARNING -~ An adjustment of vehicle separation conditions

was performed i1n order to be consistent with the common velocity assumption.
The adjustnent dows not exceed 1@ percent.

IMFACT SPEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM!

F ORWARD LATERAL
VEH #1 5.9 MPH 2.8 MPH
VEI W2 TA, 7 MM @0 MPH

SFEED CHANGE (DAMAGE)
TOTAL LONG LAT.

VEH #1 19.7 MPH ~17.1 MFH ?.9 MPH ~3@0.4 DEG.
VEH %2 43,4 MFH 37,2 MPH 21.5 MPH 78,0 DEG.
SFEED CHANGE (LINEAR MOMENTUM)
TOTAL ' LONG. LAT. ANG.
VEH #1 14.8 MFH -12.3 MPH 6.5 MFH -26.1 DES.
VEH #2 32.1 MPH “26.7 MPH “17.9 MFH 33.9 DEG.

ENERGY DISSIPATED BY DAMAGE: VEH #1 23188.8 FT-LE VEN #2 196487.1 FT-LY

RELATIVE VELOCITY DATA

SFEED ALONG LINE THRU CGS (LINEAR MOMENTUM)

VEI #1 28,7 MFH

VEH %2 7.5 MFR
SHEED URTHOG. 10 CG LINE (LINEAR MOMENTUM)

VEH W1 8.0 MEH

VEH 42 S33.9 MEM
CLOSING VELOCITY (LINEAR MOMENTUM:

T1.7 MEH
SCENE INFORMATION
YEMICLE #t VEHICLE #2

IMFACT X-FOSITION @.00 FT, 1.8 FT,
IMFACT Y- FOSITION [N .45 FT.
IMFACT HEADING ANGLE .00  DEG. 119.99 DEG.
RESF X FOSITION 84.%0 F1. 22.90 FT.
REST Y-FOSITION 18,24 FT, 41.4@ FT,
REST HEADING ANGLE 16.5¢ DEG. 261.97  DEG.
END-OF -RUTATION X -FPOSITION w.oR FI. Z2.e@ FY,
END OF ROTATION v FOSITION s F1. .8 FT,
END -OF ROTATION MEADING #NGLE W.e  DEG. 249,97  DEG.
DIRECTION OF ROTATION cu cw
AMOUNT UF ROTATION 36m 68

Figure 16 - EDCRASH with a point on curve which
was on a straight line between impact and rest

CQONCLUS IONS

1. The CRASH program, either EDCRASH or
CRASH3, represented an effective means of
reconstruction for most single- and two-vehicle
accidents.

2. EDCRASH and CRASH3 required the same input
data.

3. EDCRASH produced additional output when
compared to CRASH3, including the Magnitude of
Principal Force and Graphics.

4, The major difference between EDCRASH and
CRASH3 was user-interactivity. This was the
result of substantial differences in program
design.



CRAYH?T FESULT S

soswaKNINL s SEFARKATION
NUT (OMPsTIGLE,
COMMON VELOCT Ty

VELOUITIES ALONG DOFF AKRE
ACCORDING TU ASSUMFTION OF A
AT THE DAMAGE AREA CENTROIDS.

RIC3AC #7

CHEVELLE vS RAEBEIT

SUMMARY OF RESULTS

IMFACT SFEED (TRAJECTORY AND CONSERVATION OF LINEAK MOMENTUM)

FORWARD LATERAL
VEHS! IS.7 MEM .3 MPH
LEH® D 47,7 M od MEH
SFEED CHANGE « DAMAGE )
TOTAL LUNG. LAT, BNG.
VEH® L 19.7 MFH S17.1 MFH .9 MFH I8.¢ DEG.
VEH®D AT.a MFH 17D MFR L1055 MEH Te.a DEG.
SFEED UHANGE (L INE«E MOMEHTUM)
TutAaL LONG. LRT. ANG .
VEH®L  18.8 MFH 15.8 MFH 1,2 MPH 32.9 DEG.
JEHRD a@d. 7 MFH 26,4 MEH 18.4 MFH U701 DEG.
ENERGY DISSIIATED L DAMAGE  EV#L  22188.8 FT-LEF  VEHND 196486.7 FT LK
RELATIVE VELUCITY DATA
SPEED ALONG LIND THRU CGS (LINERE MOMENTUM)
VEH# PR 1]
VEHS L ?.8 NFH
SPEED ORTHOG. TO CG LINE (LINEAR MOMENTUM)
VEHIN] 10,7 MFt]
EHNL Al MER
CLOSING VELOCITY (L 1HEAF MOMENTUM)
aAT.1 ey
SCENE INFORMATION
VEMICLE # 1 VEHICLE # 2
IMFACT ¥ FOSITION o0d FT. 163.7II| §¥
IMFACT Y FOSITION ST 7. 45 .
IMEHCT HEADING ANGLE L@ DEG. 119.99 DEG.
KEST X FUSITION ¥4 Sk KT 2.9 FT.
REST « FOSITION 18,320 FT, a1.80 FT.
KEST MEADING ANGLE 16.%8 DEG. 261.97 DEG.
END OF -ROTATION x FOSITION Lo FT. wn.ew FT.
END OF BOTATTON o FOSTTION o F T, W F .
El, OF ROLet TON iEsar LHGE rdiblL PN LEu. LAY DEL.
FOINT ON-CURVE £ FOLTTION ad, o FT.
FOINT ON -CURVE (- FOSITION BS.v8 FT.
DIFECTION OF FOTATION oW LW
AMOUNT OF KOTATIOM “Tew e
Figure 17 - CRASH3 with errant point on curve

5. A difference in processing time was
identified. The difference was not significant
unless a trajectory simulation was requested,
wherein a CDC-Cyber mainframe (CRASH3) required
4.5 seconds compared to about 5 minutes for
EDCRASH. Without a trajectory simulation,
CRASH3 required approximately 1 second while
EDCRASH required about 5 seconds.

6. EDCRASH and CRASH3 produced different
results when the post-impact path for vehicle
#2 had an end of rotation. This was the result
of an error found in CRASHS3.

7. EDCRASH and CRASH3 usually produced

slightly different results when a trajectory
simulation was requested. This was primarily
the result of the end-of-rotation error (above).

8. EDCRASH and CRASH3 handled the case of a
post-impact point on curve differently. EDCRASH
performed an additional validity check to help
insure valid data and corresponding results.

9. EDCRASH generated additional warning
messages, both informative and fatal, resulting
from validity checks for damage data and common
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SUMMA R oF EDCF iv5H FESUL T3

EMGINELFING DVNAMICS T ORTORAT 10N Date 10 4% 1983 1ime 1.110:106
FIC3A0 7 CHEVELLE -3 bwmBbIf

WRRNIHG MESSAGES:

Damuae hased estimates (or Maanitude of lrincipsl Iorre arcssl. .10late

Hewtenr st

Law 2t motio.
Latage Date aind adiunt as
¥ ot Frincipal Force tor
eppr G pnetEly vaual .

FE o iew the outpit Lo Jeteraane required
HECwSSar ..
vericles 1 and L should be

cors et
fhe Maanmit

User entered puibh On o e For veta ol #1 wee J1scw ded because the
POSILION was toO tar away from other peth coordinates to mabe sense.

Tf the LOSt impact pdth was curved &nd Qur PUINt O Cur ve was rejected
the reculte ma, DE erruNEOLS. Crect cour data,

LOMMOH ELUC TT 7 WAENTNG M aUiustient of celncle sépar dtion conditions
was pertormed 10 order 1o be LunSIsterd with the common selocit. assumption.
The «djustment Joes not kiived 1@ percent.

IMFACT SFEED ¢ TRaJECTORY AMD LONSERVATION OF LINEwR MOMENTUM,
COF Wik D LATERAL
VEH WU DELv R A MEH
UEH M. AT wou MEH
SHEED CHAMGE ' DAMAGE §
101wl LUNG. LAT. ANG.
VEH WL 15,7 MFy 1700 MEH Y9 HFH -3R.v DEC.
VEH #L 47 @ M STTLL MPR 21.% MEH Ze.@ DEG.
SFEED LHAHGE { INFef MOMENTUM)
(DI LONG. LaT. ANG.
VEH #1 13.8 MEH 1703 M 6.5 MFH -26.1 DEG.
EH WL IL.01 1R Lo MEH 17,7 MOH 2.9 DEG.
ENERG. DISSIFAIED £ DAMAGED  VEIL 81 JTimH.8 FT LR VEI #1 19648 .1 FT LK
PELWIIVE VELOCIT DATA
SEEED O LINE 1HBU LCD (LINERE MUMENITUM)
Ere Wy SaL MEH
RIS ST MR
SRERD NPT, nr L0 LINE (LINEAR MOMENTUR)
Com o MR
ol P T
CLOSTHL VELIUIV ) 1L INEAR MOMENTUM)
Il MR
SCENE INFORMATLON
VEMICLE #1 VEHICLE #2
IMFACT X-FOSITION F1. 18,78 FT,
IMFACT ¢ -FOSITION T T.4%5 FT,
IMFACT HEADING wHOLE LEG 119.99 DEG.
REST « 10511100 EEI U Li.e@ FT,
REST ¢-FOSIIT0N 18,20 FT. ai.48 FT.
REST HEADING ANGLE 15,50 CEG 261.97 DEG.
END OfF KOVAITOM X €DSITION oy ETL 2T.oa T
ELD O ROTHFION ¢ FOSITION Ve FTL Té.ae Pl

END OF -KOTATION HEADING ANGLE vi.éd DEG. 049,97
DIRECTION OF &OTFATION Cw Cw
AMOUNT OF ROTATI N Tex Tow

DEG.

Figure 18 - EDCRASH with errant point on curve

EDCRASH

fccident Site
Description

Veh §1 Ueh B2

RICSAC CASE WD, 7
< Chevelle (Ueh #1) vs Rabbit (Ueh #2).
without trajectory simulation

1y
Psi

UNITS: wph,ft,deg
18 {t intervals

»

Ty

Figure 19 - EDCRASH Site Drawing



velocity to insure valid data and corresponding

results. :

10. EDCRASH produced a graphics display of the
results.
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