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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
ccmpares this program with its mainframe
ccunterpart. 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
bzen used as an effective tool for motor
vehicle accident investigation for many years.
Since, its development in the early seventies
(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 recent 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 dynamies. 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 cffective tool which
can provide answers to technical accident-
related questions.

PURMOSE 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). I[ts 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 orcer 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 dJdamage-based results.

The form of the output was either complete
or abbreviated. The ccmplete 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 inertia! properties. The ab-
breviated results were limited to a summary of
impact speeds and speed changes, and trajectory
simulation results.

OPENING MENU

Clomplete h
or R)erun P)rint S)mac
A)bbrevigted
QUESTION
NUMBERS?
INPUT
SMAC
Y INPUT
PROCESS
I-—_.ﬁ_
OUTPUT ——

Figure 1 - Flow diagram for CRASH3
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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, wusually connected
to a mainframe computer. The terminal was a
CRT or local line printer. In either case,
input questions and output results scrolled
ccntinuously, one line at a time.

EDCRASH was coded in compiled BASIC for use
on the IBM PC or IBM compatible personal
ccmputer.  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.
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

If
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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

!
PROGRAM

MENU

Flirst run
R}erun
R)eprint
G)raphics
E) xit

EDVDS
EDSMAC

)

’GRAPHICS
FILE
SAVING

PROCESS

{ OUTPUT

Figure 2 - Flow diagram for EDCRASH
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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.

Calcnlations

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

The RICSAC8 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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GENERAL INFUT DATA

D T SAMFLE RUN RICSAC CASE #8 11/26/8@
2. Class/Weights . ... 44379 4 4710
I. CDC/FDOF # 17 . .. 1IFDEW1 -35
4. CDC/FDOF % 27 ... ...oouvnnn. ... OIRYEWD 43
S. Vehicle | & I Stiffness Cetegories 4 4
SCENE DATA
5. Rest and 1mpect™ ¢ or N
?. Rest coordinates ....... eeenen
8. lupwect CLurdinales ..oevecoons
?. Any slip anales™ (Y or Ny L.......
18, Slip angles | and 2 ......iiuiennnnn

IMFACT TO- FEST FATH DATA

11. Sustained contact™ (¢ or N)
12, Rotating stiddina of #17 (Y or Ny . YES
13. Skiddina stop before rest™ (¥ or N) NO
14. End of stidding coordinates™
15, Curved path™ (¥ or N
le. Foint on curve
17. Rotation direction #1 ... e e
18. More than 248 degrees™ (Y or N) ... NO
19. Rotating skidding of #27 (Y or N> . YES
8. Stidding stop before rest™ (Y or N) NO
1. End of sl1dding coordinates
22, Curved path? (Y or N)» .
23, FOI08 ON CUFY@ wvuyeenncnnseninaoas

4. Rotation direction 0 (............

I35. More than 264 degrees™ (Y or M) ... NO

TIRE. FOAD AND TRAJECTORY SIMULATIIN DATA

6. Tire-qround friction coef.
. Koll. resistance option «

8. Foll. resistances. indiv. @l .22
9. Foll. resistances. Lndis. wheels 8 a1 @1 2 .2
. Decel. level 81 ciiiiiiiiiaieian.. woA
C1. Decel. leve!l #2 ... ... .. eiiinnn. N/A
3T, Trajectory simulation™ (¢ or N) ... NO
TI. Steer angles #1 ......... N #
T3, Steer wgles 97 LL....... H A
IS, Terrain boundary”™ (Y or N cae NOA
Te. Boundary POINRS L........... PR TR
37. Secondary friction coef. c..ai.eaan N/A

VEHICLE DAMAGE DATA

8. Damage dimensions™ (Y or Ny
I9. Side demeqe wioth w1
49. S13@ dumage depth w1
41. Side dumaqe midpoint offset
47, End damuqe width W}
43, End demage depth @1
33, End damage midpoint orfeel
N N T DU,
“qe@ deptt 81 ...
@ widpoLnt o 1%
RUSTIRTINN Hie
G Jemaue et 81 L., oA
. End damade a1Upoint witset @0 ..., N A

g4,
se 8.0 B.2 9.0 T.9 4.4 .8

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



UHMHMAR 0F CRASHSZSZ RESULTS IMFACY SPEED (TRAJECTORY AND CONSERVA'ION OF LINEAR MOMENTUM)

FORWAKD LATERAL
VEH® L 16.7 MFH <3 MEH
VEH® 2 25.7 MEH @ MRH

SFEED CHANGE (DAMAGE !

TOTAL LONG. LAT. ANG .
VEH® | 11.8 MFH -B8.3 MFH 8.3 mFu ~45.8 DEG.
R.L3AC &8 CHEVELLE VS CHEVELLE VEIinZ 1.2 MPH “7.9 MFH -T.9 MPIY 4%5.@ DEG.

SFEED CHANGE (L INEAR MOMENTUM)

TOTAL LONG., LAT. ANG .
VEH#® | 12.6 MFH ~6.9 MEH 10.35 MFy -56.6 DEG.
VEHICLE # VEHND 12.8 MFH -l8.é MFH -6.6 PP 33.4 DEG.

ENERGY DISSIFATED BY DAMAGE VEH#1 1B8479.3 FT-LB VEHSY 31228.8 FT-LB

R P T T T T T TP T T TP PP PO PPy
. . “ . RELATIVE VELOCITY JATA
. IMeacT . - -
. SFEED . SPEED CHANGE . .
. M . MEH . BASIS . SPEED ALONG LINE T'RU CGS (LINEAR MOMENTUM)
. . . . VEHS L 16,5 MEH
R T T oF s VEHSD 3.8 neH
. B . . . . . SFEED ORTHOG. TO CG LINE (LINEAR MOMENTUM)
» FWD + LAT « TOTAL » LONG. * LATERAL = RESULTS - VEH®1 2.8 men
. . . . . . . VEH®D ~25.% MPH
EEaseestetaersernetraeresatenccantIrIEireeboottinRstnttrsctbonatrante CLOSING VELOCITY (LINEAK MOMENTUM>
. . . . . . . 19.7 mEH
. . . . . * SPINDUT TRAJECTORIES AND
PoleT . <&+ 1.6 ¢ -6.9 8 13.5 ¢ CONSERVATION OF LINEAR SUMMARY DF DAMAGE DATA (e INDICATES DEFAULT VALLE)
. . . . - « MOMENTUM -
. B . . B .
. . T T TP R TP I TP VENICLE # 1 VEMICLE » =
N . . . . .
. . . . . « SPINGUT TRAJECTORIES AND o
. . . . N « DAMAGE . CATEGORY 4 TYFE-- -~ —--CATEGORY
. N - . ¢ . . - 4479.@ LBS.
Ceracesrarettecttttttettrtnetotetesettateesatoestentsetstnntenetenats iaroewt
- M ® - s . 7I.a I
e 11.8 e -8.3 %  B.3 « DAMAGE DATA ONLY . i
. . . . . e N
cesesecrecrescorrtcrsterttresasancsnstttccsrrserressne

VEHICLE &

A T
HEAS SRS RTO
z

|
B
—-

LRI CTI R RE SR . e
. l:: EEw . SFLEL CHANCE . .
> HF b . MFH . LASIS - Al = 4.7 INCHES /2 - S4.7 INCHES
. . . . I3 - S7.2 INCHES 2 - 9.2 INCHES
reesssescseceseeresnrssreretecantessosRen s OF . Te1 - £1.8 INCHES TRT - 61.8 INCHES
’ . - A . e . 11 ® 4Z%03.0 LB SECee2 [N 12 = AT68@, 7 LD-SECeel-IN
» FWL e AT e TOTAL ¢ LONG. o LATEFAL o RESULTS . "y & 11,8591 LD SECe el 1IN N 2 1..189% LB-SECeel/IN
. . . - - aF = 78.8 INCIES XF2 - 98.8 INCHES
. el T [TB.8 Incies v T Te.n NS
. . . - . 51 - 38.35 INCHES ¥S2 - 38.5 INCHES
. . . . . ® SFINOQUT TRAJECTORIES AND e
v 23T . Woe 1T.d e 123 e ~6.6 ¢ CONSERVATION OF LINEAR .
. . . . . * MOMENTUM -
: : : : . : cererrersesrsresans ROLLING RESISTANCE
. . . . - - . VEHICLE & 1 2
. . . . - * SFINOUY TRAJECTORIES AND e
. N . . . * DAMAGE . BE e e o Lot .ot
. . . . [ L .91
. . . e LR==- - —mmmme STe
. 11.2 = 7.9 . * DAMAGE DATA ONLY .
P N .
SCENE INFOFMaTION
VEMICLE ® 1 VEWICLE & 2 Fig‘ure 4 (continued)
THFACT & FOSITION -10.9¢ FT, OO0 FT.
IMFACT ¢ FOSITION 3.2@ FT. sé:: :;c‘s
IMFLCT HEADING ANGLE .2  [EG. . . . .
:'u FUSTTION -8 FT 6.%0 FT. 0.100 seconds, malnly to reduce processing
RSt 1 -rOSLTIoN iiea F1. e FT. time. This decision was supported by the fact
REST HEWDING ANGLE 45,99 DEG. 149.98 DEG. "
that CRASH2 also used a 0.100 second interval.
DIFECTION OF RODTATION .l Cw -
AMOUNT OF ROTWTION Tea ew For most results, the effect of this change was
COLLISION CONDITIONS less than 0.3 mph.
e o venioLe w 2 The RICSACT7 data, selected in order to
VEHLC " -~ s 3
demonstrate the effects of some minor coding
e e e = e errors and additional diagnostic error
Cle” - b . C2 - . . . . . .
Y-y E M ot messages, is shown in figure 8. This data
€Al . lv veckees geTAz = \» DEcREES described an impact between a Chevrolet
Chevelle (Vehicle #1) and a Volkswagen Rabbit
SEFARATION CINDITIONS . .
(Vehicle #2). The Chevelle struck the Rabbit
s e e sz - e at the passenger-side door. The angle of
Dy = . N - . . . .
Fala - Lo veS PSisz = 92.8 DEG impact was 120 degrees (slighlty more than
ST v I R dicular). The Rabbit responded b
e s s :;C/ssc :2;502 = 4.5 besssec perpendicular). < 1 respon y

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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SUmMH A

R o ¥ EDCRASH KE S U

ENGINEEFING DYNAMICS CORFORATION

SAMFLE RUN RICSAC

WARNING MESSAGES:

NO MESSAGES

Date 12-46~1984
L1/26/88

CASE #8

L TS

Time 11:02:434

VEHICLE # 1

SFEED CHANGE
MEN

SUMMARY OF DaMAGE DATA

HOMENTUM

- H RESULTS
LATERAL |

SFINOUT TRAJECTORIES AN
CONSERVATION OF LINEAR

N e -
d.d . L SFINOUT TRAJECTORIES AND @
H ¢ DAMAGE
- - 4 e e e
co i DAMAGE DATA ONL/ H
VEHICLE » 2
IMFACT ; : :
SFEEL . SFEED UHANGE i [FEER :
HEH FEH : oF :
T A ek s RESULTS '
FwD LAT TOTAL LONG. LATERAL H
H H H i SFINOUT TRAJECTORIES AND
PO gL [ H i CONSER.ATION OF LINEAR H
: FOMENTUM :
- - . - e e e e emeie e ien
v.d G [ SFINOUT TRAJECTORIES AND ¢
B ;. CAMAGE :
1.2 7.7 7.9 ! DAMAGE DuTA OHL Y H
5CENE 1HIUGRMAT IO
CEMICLE w1 VEHICLE w2
ImFe 0T FOSITIUN 14.79 FT. 2.03 FT.
IME. T FOSITION 1. t.98 FI.
THME AL T Rl NG ANGLE Mot DEG. 89.97 LEG.
RLST 0 P OSITICON d.5u FT. ‘0.5\4 FT.
REST v PUSITIOH 12.0@ FT. Jl.dw Ft.
RE LT Vel Th SHGLE <. LEG. 134,78 LEG,
ODIRECTION DF 0TAllun Cw ‘L‘u:
WHMOUNT SF (0 TmT [UN N Tow
1RFacT THFORMGT TON
VHILICLE w1 VEHICLE w2
Deb Al O30 ION [ A voe o FTL
Tafw . eimrtion oo, [P
i Hv 0 ¢ 9@a.v  LEG.
TR 7 TING G oo LEG, . .
MK T ek QTRTION FATE w.d  DEG/SEC d.v DEG/SEC
=t CIfoannLe voe DEG. v.@  LEG.

"o D 1. Pl Fi
"o ] B N Fr,
SEF S [ON Pl saiOLL . DEG. DEG.
SEF RRATION 8 ORWARD VELOCTT, 9.8 nFu HEH
SEFRRAT LaTElml VELOCIT 10,5 M HEH
BEF A8 AT AHGULAE FOTATION FaTE .2 DEG - SEC
PP T GFEED 0 TRWJECTORY wnD CONSERVATION OF LINUAR MOMENTUM)
FUFweeR U LATLRAL
SR w1 15,7 mEn W MPH
SEROWD DT MEM G.d HEH

VEEED DieehGE
ER RS

RETIN N Y

B M 1.2 MEH

SFEED CHANUE

UTae
RATEN 39 Ll.oo ™
K Loow b

EMESGY DIS3IFATFED

SFEEL ALING LINE

[ l

SFELD k5. T
BT

CE

[ S Y SIS

Figure 5 - EDCRASH results with RICSACS

Dra™eaUE

LONG. Lar. ANG.
SE. T MEH 8.3 MFH ~45%.0 [DEG.
“7.9 MFH 7.7 MFH 45,4 DEG.
(LINEAR MOMENTUM)
LONG. LAT. HNG .
H.9 MFH 18,5 MFH -S6.6 DEG.
Ld. o MPH 6.6 MFH 23.4 DEG.

By DAMAGE: VEHW

FELmTIVE

THRU (G5 (LINESF
S5 MFI

AT

LG LINE
S HE b

250 MER

LINEAR MOMENTUM

9, MEH

[} TB479.3 FT-LB VEH

JELUCTT. DATA

POMENTUM)

(LINEAR MOMENTUMY

LN I1220.9 FT-LB

input

NOTE: ‘®s” indicates default value

VEHICLE #1 VEHICLE a2
CLASS (SITE) CATEGOF . a1 4
WEIGHT 44.9.8 LES. 4719.8 LES.
coc LIFDEWL PIRYEND
DAMAGE WIDTH FI.9 IN. B4.5 IN.
CRUSH DEFTH 1 2.7 I, 6.2 IN,
CRUSH DEPTH 2 3.6 IN, 8.2 IN.
CRUSH DEFTH = @.d INL 9.2 IN.
CRUSH DEFTH 4 dow IN, S.9 IN.
CRUSH DEFTH S w.d IN. 4.4 IN.
CRUSH DEMTH & 4.3 IN. #.8 IN.
DAMAGE MIDFOINT OFFSET a.d I, 15.9 IN.

DAMAGE ENERGY

MAGNI TUDE OF FRINCIFAL FORCE
DIRECTION OF FRINCITAL FORCE
MOMENT AFRM OF FRINCIFAL FORCE
DAMAGE CENTRUID

DIMENSIOMAL .

-45.9 DEG. 35.9 DEG.
7a.0 IN, 19.2 IN.
1.7 INg 7.8 IN.

INERTIA_ &ND TIRE. ROAD FROFERTIES

VEAICLE w1 VEHICLE #2
CG YO FRONT AXLE ST AN S4.7 IN.
CG TO FEAR AXLE I, 9.2 1w,
TRACH WIDTH N, 61.8 IN.
(AW MOMENT OF INEFTIA LB SEC .-In 4%600.7 LE-SEC 2 IN
MASS LB-SEC 2 1IN 12.0 LB-SEC 271N
BODY LENGTH FROM CG TO FRONT 3.8 IN. N,
EODY LENGTH FROM CG TO REAR il IN, In.
BODY WIDTH RAPEUNS § 7 In,

FULLING TESTSTANLE

RIGHT FRONT
LEFT FRONT TIFRE
RIGHT FLAR TIKE
LEF T KEAR
TINE "RFOGD FRICTION

Figure 5 (continued)

SUMM K. bl

HICSmU w8 CHEVRLLE VS LHEVELLL

F

CRASHS

TIRE el .81
.ot 2.8

N & 2w

HRE u @. 2w
.87 .87

RESULTS

IMFACT SFEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)

FOKWARD LATERAL
VEHN] 19,3 MEM o MEN
VEH®D  21.8 MFH L0 OMFH
SFEED CHANGE (DAMAGE)
TOTAL LONG. LAT, ANG,
VEHNL 11.8 HFy 8.3 MFH 8.1 PN -45. 9 DEG.
VEHND 11,2 MK T.7? MEN STLT PN 4%.9 [EG.
SFEED CHANGE (LINEAR MOMENTUM)
LUNG. Lar, ANG.
VEH# L 18.1 MFH 15,9 mEn 8.3 MFH 6.2 DEG.
VEH®D 17.2 Ml 8.1 MK RETR N AT 1.0 DEG.
ENERGY DISSIFATED DY DAMMGE JEW®! I84:9.% FT-LE VEHSD 31220.8 FT LB

SFPEED ALOMG LINE THRU CGS (LINEAK MOMENTUM)

VEHS L 19,0 MFH
VEHSD NS TET
SFEED ORTHOC. TO CG LINE (LINEAR MOMEMTLM,
VEHW1 2.0 MRR
VEHNZ =J1.7 MPH
CLOSING VELUCITY (LINEAF MOMENTUM)

1.7 MFH

TEAJFLTOR, SIMULATION FE

4¢ss VEHICLE ® 1 DID NOT CONVERGE ++es
¢eee VEHILLE # 2 DID NUT CONVEFGE ++++

NRUNS (1) =

NRUNS (D) =

SUl TS

] s
£t = N5 EZCL) = ¥
€14 = - woa E2(D = . a0
E1() = .25 23 = L 15%
El (4 = . a3 £2ay = . dov
E1 (%) = PRl E2(5) = .0
aMint = PRt g [PLATYN = L2321

Figure 6

trajectory simulation
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- CRASH3 results for RICSAC8 with a




S U MMAF o F EDCRASH FFESUL TS

ENGINEERING DfNAMICS CORFORATION Date 11-86-1984
SAMFLE RUN RICSAC CASE #8 11/74/8@

Time 11:13:14

WAKNING MESSKGES: NO MESSAGES

IMFACT SFEED ( TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)
£ OUFWARD LATERAL
DI 19,1 MEN @.a MPH
VEH #2 D201 MFH @9 MFH
SFEED CHAMGE DAMAGE)
O LONG. LAT. ANG.
Uk el 11.8 MEH B.T mfn 8.7 MK - 45.¢ DEG.
I e 1.0 MR 7.7 MR .7 MEH 45.@ DEG.
SFEED CHANGE (L INEAR MOMENTUM)
T01sL LONG. LAT. ANG.,
N W 8.4 MEH 15.8 MFH B.7 MFH -28.7 DEG.
R N [T B.I MFH 1500 MEH &1.7 DEG.
ENERGY DISSIFRTED BY DAMACE: VEH a) Z84T9.7 FT-LE VEH W2 31026.9 FT-LB

FELATIVE VELOCIT¢ DATA

SPEED ALONG LINE 1THRU CGS (LINEAR MOMENTUM)

RIST Y 1.0 MFH
B .6 MEH
SFER D ub TrGL. TO C6 L IHE (LINEAR HMOMENTUMD
VEH e .7 MPH
P N J1.7 Mk
CLOS NG VEROCITy oL INEAR MOMENTUM:
Jile MFH
TRAJECTOR ¢ SIMULATIIN FESULTS
CreLLrUE &L LD NUT CUNVERGE «se

e v LEHACLE ® 0 CID QT CONVERUE eo9e

CEMICLE #1 VEHICLE W2

PUMEER O RLING. (MATIMUM OF %) b 5

PEST RUGITION 4 v (REOR (e, 10 o @039
ENL OF RCT.1IWN ¢ . ERROR ( =, 1% L IS LA
Fr 30 P OSITION (& ADING ERROR (=, 1) LR g 0,175
END OF ROTATION MESUIHG ERROR (= 130 A&, LA
FODNT Ot b E - EREOK . =, 1% AL ERVEE]
TUtew WEDTaTEL ERUR - w. 7R w23

Figure 7 - EDCRASH results for RICSAC8 with a
trajectory simulation

In order to process the input for RICSACT,
tie 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
cutput is shown in order to illustrate all the
differences.

CRASH3 did not display any warning
ressages. EDCRASH generated two warning
ressages, 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. Title™ teicenrensnneunononasannanns RICEAC #7 CHEVELLE VS RABBIT
2. Class/Weights . . 4 T700 T iTvd
Z. CDC/FDOF # 17~ - 11FLEW)] -Z#
4. CDC/FDOF # 27 L. iiiieeinnnnnsanas WIRTEWS T
S. Vehicle 1 % 2 Stif+ness Categories 4 2
SCENE DATA
6. FRest and 1mpact™ (Y or M) L.......- 1ES
7. Rest CoOrdinates ......:.eeevnvaans B4.% 18.1 16.5 2.9 41.4 262
8. Impact coordinates .. ce. B WD MB.T T.45 126
9. Any sli1p angles™ (Y . NO
1d, 3lip angles | and 2 (...l N/A
IMFPACT-TO-REST FATH DATA
. Sustained contact™ (Y or N) ....... NO
. Rotating sbi1dding of #17 (Y or N» . NO
N/A

. Sh1dding stop betore rest” (Y or N)
. End of skidding coordinates” .
+ Curved path™ (¥ or N
. Point on curve .....
. Rotation direction al e
. More than I6@ degrees™ (Y or N) ... NO
. Rotating si1dding Of #37 (¥ or N) . ¢ES
. Skidding stop before rest™ (Y or NI YES
21. End of skidding coordinates .
Curved path™ (Y or N
Fotot on curve ..... .-
. Rotation direction @2 ............ Cw
. More than lo@ deqrees” 'Y or N1 ... NO

TIRE/ROAD AND TRAJECTORY SIMULATION DATA

. Tire-ground friction coef, ........ .87
. Koll. resistance option (1 or ) .. 1
. Foll. resistances, indiv. wheels #1 (&1 .91 .2 .2
Roll. resistances., 1ndi.. wheels #7 .d1 .a1 1. .2
Decwl. level M1 ... e.icuoneaonnn N/E
Decel. lecel ®2 ... .iiiiiiienaannan NiE
Trajectory simulation Y or N} NO
Steer angles @1
Steer angles W
Terrain boundar
. Boundery points B
37. Secondary friction Coet. ....a...-. Nse
VEHICLE DAMAGE DATA
8. Damage dimensions™ (v or N
39. Si1de damage width &1 c........
A0, Sire dumage Jepth Bl ...
41. S1de demaqe MIIPOILL Ottset
42. €nd damage width ®1 ........
43, Erd damage Jeoth 81 L. R VY 8.3
44, End demage Midpoint oftset AL ... 4
A%, Side damagw width 8D LLoLliai.aaes 10137
86. Side demage depth ¥ ... LIRS N WPAIIAS S B R
47, Si1de damaqe miapoint ot . 8.3
48, End Jamage wiJdth ®_0 ... . N

49, Eng damage Jepth e L.
0. ENd Oemege midpoint o bset 80

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 irdependently 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
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FEST HEADING ANGLE
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END -OF -FOTATION

x-FOSITION
F-FOSITION

END UF ROTATION HEADING ANGLE

DIRECTIUN OF KQ1
AMOUNT OF KOTATI

VENILLE ® 1
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Figure 9 -
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an

YEMICLE ® |

VEWICLE @ 2

a8 FT, 1é6.78 FT.,
.08 FT, T.4% FT.
«¥¢  DEG. 119.99 DEG.
84.%¢ FT, iZ.99 FTL
18.20 FT, 41.4@ FT,
16.5@ DEG. 261.97 DEG.
.8 FT. 22.84 FT.
e FT, a0 FT.
.94 DEG. 249.97 DEG.
Cw CW
‘Ted « 368

COLLISION COUNDITIONS

REIE N
LS ETL
.0 DEGREES
DEG/SEC
. DEGFEES

LY

SEFARATION

v FTL
e ETL
. LEG
Y
oy

v DR/ SEC

CRASH3

VEHICLE w 2

ZONDITIONS

= [CHAT

= 3.4 FT.

- 126,94 DEGREES

= .9 DEG/SEC
LETAD - . @ DEGFEES
«Cs” - 1.7 FT.
yCs2° - 3.4 FT.,
PSIST - 126,90 DEG
usz = 8.8 MFH
S . 18.4 W H
FSISDL = 136.1 DEG.SEC

results with RICSAC7 input
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IMPACT SFEED (TRAJECTORY AND CONSIIRVATION OF LINESR MOMENTUM

FORWARD LATERAL
VEH®1 6.2 MFH L MR
VEHND 34.9 MFH ¢ MPH

SFEED CHANGE (DAMAGE)

TovaL LONG. Lat. NG
19.7 MPH “17.1 MPH Q. MFH -I9.d DEG.
43,4 MFI4 SITL2 MFH 21,0 MEH T8 DEG.

VEH®1
VEH#2

SPEED CHANGE (LINEAK MOMENTUM!

TOTAL LAaT. ANG.
VEH® 1 15.9 MPH -17.5 MFH &.% MFH -2%9.6 DEG.
VEH#D I2.7 MFH =27.8 MFH ~18.40 MM 4.4 LEG.

ENERGY DISSIPATED BY DAMAGE VEH®1 231868.8 FT-LB VEHSD 196486.9 FT-LE

RELATIVE VELOC: TY DATA

SPEED ALONG LINE THRU CGS (LINEAR MOMENTUM)

VEH#1 24.9 MFH
VEH#2 7.3 MFH
SPEED ORTHOG. TO CC LINE (LINEAR MOMERNTUM)
VEH#1 -8.4 MFH
VEHND -34.2 MFH
CLOSING VELOCITY (LINEAR MOMENTUM)
32.2 MFPH

SUMHAKY UF DAMAGE DATA ¢ IHUICRIES (EFALL T ALUE)

VEHICLE #» 1

VEMICLE ®» T

LTINS TONS NG INERT [el TROFERTICS

a1 T4 DChES - - dro8 M

(3] 7.2 THCHES [ T

TR 1HCHES " - RN R

1 < OLL SUCeel it ‘.

Ml [ R i

(L tocin ! Y

ey tiis S

L1 & ILIES
IR '

SRR VENICLE ® 2

‘i .1

o i .t

mh o c--- o Lo

i .o .0

MU ~-eeeo - ks

Figure 9 (continued)

vehicles. This velocity was computed at the
damage centroid and compared for both vehicles.
If the velocity difference was less than 10
percent, the average velocity was used as the
common velocity. If the difference was more,
then the separation velocity for one vehicle
was decreased and the other was increased by 10
percent. If the resulting difference, after
the adjustment, was less than 10 percent, then
the observed warning message (see figure 10)
was issued. If the resulting difference were
still greater than 10 percent, then a fatal
error message would have been issued and
execution halted. The purpose of such a check
was to disallow an analysis which was not
within the scope of the analysis, such as a
sideswipe. Both programs performed the above
check. However, CRASH3 only reported the
condition after two adjustments and did not
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SUMMAR ¢ o F EDCFRASH RESULTS

ENGINEERIMG DYNAMICS CORFORATIOM
KICSAC #7 CHEVELLE

Date 1.-48-1584
VS RABBIT

12:32:

Time

WIRNIHNG MESSAGES:

sed eshimates for Magnitude of frincip«l Force arossly violate
trard law of motion. FReview the output to determine required
Lo Danwae Deté and adiust as necessdr..

Damade b
Nawtorn™ s

Corrwections

T-e Magnitudes of Frincipal Force for Vehicles . and I should be
asproxtmatel . equal.
COMMON VELOCITY WAFNING -- AN edjustment 0f vehicle separation conditions

was perforned 1n order

Tre adjustment does not exceed 18 percent.

VEHICLE # 1

g IMFACT : :
: SFEED SFEED CHANGE BASIS H
: MEH H d OF H
T RESULTS :
! FWD : LAT TOTAL | LONG. :
e b e e o e g mm e :
: : : : H : SPINOUT TRAJECTORIES AND
To2m.n 4.8 1 188 1 -13.3 3 5.5 ! CONSERVATION OF LINEAR !
: B L -
: .0 2.0 @, a.e 2.8 ! SFINOUT TRAJECTORIES AND !
H H H ! DAMAGE :
- ‘- C e e e e b e o
H 19.7 ¢ 17.1 ¢ 7.9 DAMAGE DATA ONLY H
IMEACT : :
H SFEED SPEED CHANGE B EASIS B
P MPH B oF :
- T Rt FESWLTS H
Fuwl cat TOTAL © LONG. i LATEFAL :
H ¢ SPINQUT TRAJECTORIES AND ©
Ta. T woa ol IR0 L -26.7 0 17.9 : CONSERVATION OF LINEAR B
: : ! MOMENTUM H
- - . - BN N e e e e e iammeae :
¢.e : #0801 SPINOUT TEAJECTORIES AND @
B ' ! DAMAGE :
B B .5 i DAMAGE DATA OMNLY H
SCEMNE INFORMATION
VEHICLE @1 VEHICLE #2
AT & FOSITION Q.00 FT. 18,79 FT.
IMaCT v FOSITION a.0a FT, 3.4% FT.
IMFACT HEADING ANGLE ¥.84 DEG. 119.99 DEG.
Skl 3 FOSITION Fr., 22.99 FT.
SEST v FOSITION F1. at.4e FT.
SEST HEADING ANGLE DEG. 261.97 DEG.
S OF S0T.LTIUN 0 FCSITION a.ve FI. Tl.@8 FT.
Wb RGTLTION ¢ FOSITION woee FIL Ta.de FT.
END UF &OTATION HEADING SNGLE v.oa  DEG. 249.97 DEG.
DIRECTION OF ROTATION CwW CW
AMOUNT OF FUTATIUN p2T [ 214

to be consistent with the common velocity assumption.

IMPACT 1 NFORMATION
VEHICLE w1 VEMICLE #2
IMFACT X FOSITION o.8 FT, 2.7 FT.
IMEaCT o e TSTTION v.a T, .3 FT.
I1MEACT HEADING ANGLE @.8 DEG. 120.4 DEG.
IMPACT ANGULAR ROTATION RATE @.8 DEG/SEC @.a8 DEG/SEC
1MFACT SIDESLIP ANGLE 9.0 DEG. .8 DEG.
SEFRFATION € FOSITION e.@ FT, 10.7 FT.
SEFARATION v-FOSITION a8 FI. 3.5 FT.
SEFARAT M HEADING ANGLE é.8 DEG. 124.8 DEG.
FEFARATION FORWARD VELOCITY 12,7 MPH 8.@ mPH
SEFakATION LATERAL WELOCITY 6.5 MFH “17.9  MPH
SEFARAT[ON ANGULAF RDTATION RATE @.@ DEG/SEC 171.7 DEG/SEC
JAb el T SFEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM
FORWARD LATERAL
CEN w1 9 MEN V. NEN
JEM WD A, T REM a.0 MPM
SFEED CHANGE (DAMAGE)
ToraL LONG. LAT. ANG,
VEr #1 19,7 mEH -17.1 MEH 9.7 MFH -30.9 DEG.
CEv WD 4T.@ MPH SITLY MEH S21.5 MR 30,4 DEG.
SEEED CHANGE (L INEAK MOMENTUM)
TOTAL LONG. LAT. aNG.
JEN 14.9 FEH 13,3 MPH 6.5 MFH -26.1 DEG.
VEM @l UL MEM 26.7 MEH S17.9 MFH TI.9 DEG.
EMERT . DISSIEATED (v DAMAGE: VEM #1  23186.8 FT-LB VEH #2 196487.1 FT-LB

"igure 10 - EDCRASH results with RICSAC7 input

4

RELATIVE VELOCITY DATA

SPEED ALONG LINE THRU CGS (LINEAR MOMENTUM)

VEH #1 28,7 MRH
VEH #2 7.3 MFH
SFEED ORTHOG. TO CG LINE (LINEAR MOMENTUM
VEH %1 8.3 MFH
VEH #2 S33.9 MEH
CLOSING VELOCITY (LINEAR MOMENTUM)
1.9 MPH
SUMMARY OF DAMAGE DATA
NOTE: ‘e’ indicates default value
VEHIULE #1 VEHICLE #2
CLASS (SIZE) CATEGORY a4 2
WE1GHT I780.0 LES. 1706.8 LES.
coC 1IFDEWL BCRDEWS
DAMAGE WIDTH 66.4% IN. 108.5 In.
CRUSH DEFTH 1 a.n N, 2.9 IN.
CRUSH DEPTH 2 1.5 IN, 11.8 IN.
CRUSH DEPTH 3 2.0 IN, 17.8 1IN
CRUSH DEFTH 4 3.3 IN, 21.4 IN.
CRUSH DEPTH S IN. 1.3 IN.
CRUSH DEPTH & N, 7.3 OING
DAMAGE MIDPOINT OFFSET N, -8.3 IN.
DAMAGE ENERGY ZT188.3 FT. LE. 196487.1 FT. LE.
MAGNITUDE OF PRINCIFAL FORCE 34917.3 LB 286490.9 LD.
DIRECTION OF PRINCIFAL FORCE J@. 2 DEG. T@.8 DEG.
MOMENT ARM OF FRINCIFAL FORCE 61.3 IN. 22.2 IN.
DAMAGE CENTFOID 15.5 1IN, -1 IN.

DIMENSIONAL, INERTIAL AND TIRE/ROAD PROFERTIES
VEHICLE w1 VEHICLE a2
CG TO FRONT AXLE =4.7 IN. 46.T INL
CG TO REAR AXLE 9.2 IN. sa.1 IN.
TRACF WIDTH &61.8 IN, S4.4 IN.
vaWw MOMENT OF INERT1A A2, LE-SEC 2-IN 12983.0 LE-SEC D-IN
MASS 9.6 LB-SEC "2/IN 4.3 LB-SEC"2/IN
BODY LENGTH FROM CG 10 FRONT 78.8 IN. 3.3 OIN.
6ODY LENGIH FROM CG TO FEAK S114.6 IN. -91.6 IN.
BODY WIDTH 77.@ IN. 67.2 IN.
ROLL ING RESISTANCE
KIGHT FRONT TIRE @. vt
LEFT FRONT TIRE G2
RIGHT REAR TIRE 1.0
LEFT REAR TIKE 9.0
TIRE/ROAD FRICTION ¥y’

Figure 10 (continued)

issue a fatal error in the event the common
velocity assumption was nct 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.
in subroutine STARTZ,

It was due to an error
wherein the separation

coordinates for vehicle #2 were incorrectly

assigned the end-of-rotation
impact coordinates:

than the

coordinates rather

5 XCSF=XCl12
YCSF=YC12
should
be
S XCSF=XC2d

YCSF=YC21

The only other difference was found in the

SUMMARY OF DAMAGE DATA section of output,
described earlier.
Principal Force was useful when an error

message indicated there was a gross difference

in vehicle damage data (figure 10).

Reporting the Magnitude of



After the preliminary output was reviewed,

a rerun was performed and a trajectory SUMRMARY OF EO0IRASH  RESULTS
simulation was requested. The response time ENGINEERING DYNAMICS CORFORATION Date 12-@8-1984 Time 12:%5@:@z
for a CDC-Cyber computer was 4.5 seconds. The FIESAC 47 CHEVELLE Vs RapctT

processing time for the IBM PC was 239.3
seconds. (Only the abbreviated results are Danage-5ated estimates for Magmtuse of Frincipal Force arossly vioiat
uge o rinc a orce rossly v ate

dlsplayed.) Newton's third law of motion. FReview the output to determine required
corrections to Damage Data and ad ust as necessary.
The Magnitudes of Principal Force for Vehicles | and 2 should be
approximately egual.

WARNING MESSAGES:

COMMON VELOCITY WARNING -- An adjustment of vehicle separation conditions
was performed in order to be consistert with the common velocity assumption,
The odjustment does not exceed 1@ percent.

IMPACT SFEED (TRAJECTORY AND [ZONSERVATION OF LINEAR MOMENTUM)

FORWARD LATERAL
VEH #1 29.5 MFH a@.a MFH
VEH #2 II.7 MFH @.@ MPH

SFEED CHANGE (DAMAGE)

TOTAL LONG. LAT, ANG.
VEH #1 19.7 MFH ~17.1 MPH 7.9 MFH ~3@.8 DEG.
VEH #2 45.2 MPH -ITL2 MRH -21.% MFH Té.d DEG.
SUMMAFRY 0F CFRAGHTZ RE3SULTS SPEED CHANGE (LINEAR MOMENTUM
TOTAL LONG. LAT. ANG.
VEH #1 19.9 MFH -16.2 MFH 11.35 MPH -%.5 DEG.
VEH #2 33,3 mMPH 9.4 MFH S13.@ MFH 4.9 DEG.
ENERGY DISSIFATED BY DeMAGE: VEH w1 I71B8.8 FT LB VEH #2 176487.1 FT LE
KIUoHL #7 (HEVELLE VS RAEBIT RELATIVE VILOCITY DATA
IMFACT SFEED (TRAJECTORY WND CONSERVATION OF LINEAR MOMENTUM)
FORWARD LATERAL SFEED ALONG LINE THRU CGS (LINEAR MOMENTUM)
VEHe] 18,8 Mt M VEH 1 28.a MY
JEviml AB.D MEu L MEH VEH 2 11,3 mey

SPEED ORTHOG. TO CG LINE (LINEAR MOMENTUM)

SFEED LreNGE  « DAPRGE + VEH #1 -9.8 PFH
TOTwmL LONG. LaT. ANG. VEH w2 =S2.% MPH
/Eriml 19,7 ME 17,1 M Yo M S.w LEG.
PO RN, N AU X1 2109 MEH ¢ LEG. CLOSING VELOCITY (LINEAR MOMENTUM)
9.7 MPw

SFELD CHNGE (L INEAK MOMENTUM)

fataL (WS (e MG,
CErim 1.8 "kn 1L A R ERRCIL T -Iv. 4 DeG. TRAJECTORY SIMULATION RESULTS
CEhimL APt (Y] NRSRTEN . ST 19,1 Mt 9.5 DRG.
EMERGr TILSIFATED & DAMALE  VEHel  J7188.8 FT-LE VEHSD 176480.9 FT-LE sereVEHICLE ® 1 DID NOT CONVERGE ++ e
SEELD ALUNG LInE THEU COS (L INERFC MURENTUM: ssee VEMICLE ® T CONVERGED Or #ve»
et ST MER
BN Tol il ME R VEMICLE @) VEMICLE @2
SPEED URTHOC. 1D CU LINE (LINESR MOMENTUM)
Erw 3.5 N NUMBER OF RUNS (MAXIRUM OF %) > 2
JEriel LI S Y REST FOSITION X« EFROF « =, 14} ©.JeD CRA
SLDLING VELSUIT (L IMNEsds MOMENTUM) END OF -ROTATION ¥ -7 ERKOR  =,1%) LR a1
IT.4 MFH REST FOSITION MEALING EFKOUR ( =, 1) 1.e78 a.418
END-OF -ROTATION HEADING EFKOK =, 13 a,00d ~a. 15
POINT-DN-CURVE 1-7v ERKOR ( =.1%) 3L LR
PRAJECTORS S1HULATIUN RESULIS TOTAL WEIGHTED ERROK SUM 1,702 8. 243

seve VENICLE @& 1 DID NOT CONVERIGE eves
o BT Zoe 8 O JOUNVERGED Dol e

R pEmers ko Figure 12 - EDCRASH results for RICSAC7 with a
I r e ga s e trajectory simulation

Elan - . E. A - .08

G e .S

For purposes of illustration, another rerun
was performed and the trajectory simulation
Figure 11 - CRASH3 results for RICSAC7 with a option was turned off. Then, the post-impact
trajectory simulation 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
Inspection of the output results (CRASH3, circle. The position of vehicle #1 at impact
figure 11; EDCRASH, figure 12) again revealed a and rest defined two points on the circle, and
difference in IMPACT SPEEDS AND SPEED CHANGES. required a third point to be supplied by the

The difference was due to two different user. This point allowed the radius (which was
sources: (1) the end-of-rotation error, and assumed to be constant) of the path and the

(2) increasing the integration time interval path length to be calculated. In addition, it
from 0.025 to 0.100 seconds. Each of these allowed the separation (i.e., post-impact)
differences has been described earlier. The angle to be based on the curved path, rather
effect of increasing the integration time step than the straight line between impact and rest
has been shown to be minor (refer to figures 6 positions. This feature was extremely

and 7). The major cause of the difference was important, since the separation angle had a

the end-or-rotation error, which provided the great effect on separation velocity. In order
trajectory simulation a substantially different to use this feature, a point on the curved path
set of initial velocities (especially angular was entered:

velocity; see figures 9 and 10, Separation

Conditions). Point on curve = 40,4
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sSuUnMMARY oF CRASHZT RESULTS

RICSAC #7 CHEVELLE VS RAEBIT

SuMMARY OF RESULTS

IMPACT SFEED (TRAJECTORY AND CONSEFRVATION OF LINEAK MOMENTUM)

FORWARD LATERAL
VEI®1 26.2 MEM L8 MPH
VE 87 3.8 MEH <@ MFH

SFEED CHANGE (DAMAGE)

1oTAaL LONG. LaT, ANG.
VE-#L  19.7 MPH ~17.1 MPH 9.9 MFH -34,2 DEG.
VE 2 4T.2 MPH -37.2 MFH ‘21,8 HRH Zd.2 DEG.

SFEED CHANGE (LIMEAR HMOMENTUM:

107~ LONG. LAT. ANG.
VEH®1 15,6 MFH =13.5 MPH 6.5 MFH -2%.7 DEG.
VENRZD I2.7T MPH 27.8 mrey -18.5 MPH 3.3 DEG.

ENERGY DISSIFATED BY DAMAGE VEH#1 27186.8 FT-LB VEH#D 196486.9 FT-LB

RELATIVE VELOCITY DATA

SFEED ALONG LINE THRU CGS (LINEAR MOMENTUR)

VEH® L A AT
VEHRD T.IoMPR
SFEED ORTHOG. TO CG LINE (LINEAR MOMENTUM)
EHSL -8.1 MEH
CEHR S 1402 MPH
CLOSING YELOCITY (LINEAK MOMENTUM)
R ]

SCENE INFORMATION

CEMILLE # VEHICLE e 2
e FT, 1a. 7@ FT,
bl 4S5 F1
L LEC. 117,79 DEG.
FEal ¢y 5T AL e UL ol AN
REST ¢ FOSITIUN ICR-C ar.4e FT,
FE a7 HE=D NG SNGLE 1o, %%  DEC. 251,97 DED.
EMD-OF HOTATINN ¥ FOS1TION Law R .00 FT,
END OF ROTATIUN ¢+ FOSITION o FTL RO LTI 2
E0l UF BTl 10N HEALING SNULE e LEG, Iaw.9 DEGL.
FOINT OM CURVE € FOSITION idLee FT.
FOINT ON-CURVE v-FOSITION 400 FIL
Slek. Tlute Db koilel (UK e Cu
AtoUMT OF RUTWTIUN Tod Seu

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
rzlated 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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SUMPMARTY aF EDCRASH FESULTS

ENGINEERING DYNAMICS CORFORATION Date 12-48-1984 Time 12:55:2T
RICSAC »7 CHEVELLE VS REBRIT

WARNING MESSAGES:

Damaqe-based estimates for Magnitude of Prircipal Force crossly violate
Newton's third law of motion. FReview the ocutput to determine required
corrections to Damaqe Dita end ad ust &5 necessary.

The Magnitudes of Frincipal Force for Vehicles 1 end I should be
approximetely equal.

COMMON VELOCITY WARNING -- An ad,ustment of vehicle separation conditions
was performed 1n order to be consistent with the common +elocity assumption.
The adjustment does not exceed 1d percent,

IMPACY SPEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)

FORWARD LATERAL
VEH #1 6.9 MFH 2.9 MPH
VEH #2 34.7 MPH 4,8 MPH

SFEED CHANGE (DAMAGE)

TOTAL LONG. LAl, ANG.,
VEH %1 19.7 MPH ~17.1 MPH 9.9 PFH -32.9 DEG.
VEH #2 43,0 MPH ~37.2 MPH ~21.% MPH 0.0 DEG.
SFEED CHANGE (L INEAR MOMENTUM)
TAL LONG. Lat, NG
VEH W1 14.8 MFH ~13.3 MPH 6.5 MNPH -26.1 DEG.
VEM #2  32.2 MFH -26.7 MFH ~17.9 tEH 33.8 DEG.

ENERGY DISSIFATED BY DamAGE: VEH w1 231088.8 FT-LB VEH #2 196487.1 FT-LB

RELATIVE VELOC(TY DATA

SFEED ALONG LINE THARU CGS (LINEAR MOMENTUM)
VEH Wi 24.7 meH
VEH 42 7.3 MPH

SPEED DRTHOG. TO CG LINE (LINEAR MOMENTUM)
VEH #1 -8.3 MPH
VEH #2 =33.9 mMPH

CLOSING VELOCITY (LINEAR MOMENTUM)
T30 meH

SCENE INFORMAT ION

VEMICLE W1 VEHICLE o=

IMPACT X-FOSITION e.o8 FT. 18.78 FT,
IMPACT Y -FOSITION @d.a8a FT, 3.43 FT,
IMPACT HEADING ANGLE @. 20 DEG. 119.99 DEG.
REST X-FOSITION Bi,ra FT, IZ.9@ FT,
KEST Y-FOSITION 18..8 FT. 41.4a F7r,
REST HEADING ANGLE t1a.%¢  DEG. Zal.97 LEG.
END OF -ROTATION X FOSITION LITTA S 2.0 FTL
END -OF -ROTATION ¢-FOSITION a.¢d FT. e FT,
END-OF -ROTATION HEADING ANGLE ©v.wd DEG. 249.97 DEG.
FOINY ON-CURVE 1-FOSITION aa. F1

FOINT ON CURVE Y-POSITION 4,08 FT.

DIRECTION OF FOTATION Cw Cw
AMOUNT OF ROTATION Lot Sow

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).



SGUMMA T 0 F CFASHD FESULTS

RICSAC #7 CHEVELLE V3 RADELT

SUMMARY OF RESULTS

IMPACT SFEED (TRAJECTORY AND CONSERVATION OF L [NEAR MOMENTUM)

FOKWARD LATERAL
VEHS1 5.3 MPH <@ MR
VEH#D THL7 MEI .8 MEH

SFEED CHANGE (DAMAGE)

TOTAL LONG. LAT. ANG.,
VEH® L 19.7 MFPH -17.1 MFH 9.9 MFH -3v.@ DEG.
VEH#Z 43.d MPH -37.8 MPH +1.5 MFH 9.8 DEG,
SPEED CHANGE (LINEAR MOMENTUM)
TOTAL LONG. LAT. ANG.
VEH®1 15.8 MFH 13.5 MFH 6.5 MFH -25.0 DEG.
VEH®Z TL.T MEH 27.4d HFH 18.49 tfFH 4.3 DEG.

ENERGY DISSIFATED BY DAMAGE VEH®1 27188.8 FT-LR VEH®D 196486.9 FT-LB

RELATIVE “ELOCITvY DATA

SFEED ALONG LINE THRU CGS (LINEAR MOMENTUM)

VEH®L 24,7 MEH

VEHND TLTomEn
SFEED UFTHOG. 10 CG LIMNE (LINEAR MOMENTUM)

VEHS ] 8.0 HFIN

EHe 4.0 MEN
CLOSING VELOCIT¢ (LINEAR MOMENTUM)

Il MEH
SCENE INFORMATION
VEHICLE # | VEMICLE # O

IMFACT 1 -FOSITIUN ew o FTL 1a.78 FT,
IMEACT v -POTITION LT, T.45 FT.
IMFaCT HERDING wNULE et GEG, 119.99 DEG.
REST C-FUSTTIUN 84.%¢ FT. o2.90 FT.
REST +-FOS{TION 18.2a¢ FT. 41.4a FT.
FEST HEADIMNG ANGLE 16.%@  DEG. J61.97  DEG.
END-OF - ROTATION a-FUSITION e FT, Q.63 FT,
END OF ROTWTION « FUSITION Lol BT .wd FTL
END OF -ROTATIUN HEADING ANGLE .v¢  DEG. 749.97 DEG.
CIHECTION OF FOTATION Cw Cw
AMOUNT OF KDTATLON tee e

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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SumMMmARY 0F EDCRASH RESULTS

ENGINEERING DYNAMICS CORPORATION Date 12-99-1984 Time 12:17:44
RICSAC #7 CHEVELLE VS RAEERIT

WARNING MESSAGES:

Damage-based estimates for Magnitude o Frincipal Force arcssly violate
Newton’s third law of motion. FKeview “he output to determine required
corrections to Damage Data and adj ust as necessary.

The Maagnitudes of Frincipal Force for ‘Yehicles 1 and 2 should be
approximately equal.

User -entered point on curve for vehicle #1 was discarded because the
POSItion was practically on a straight line between impact and rest.

1# 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 adjustmert of vehicle separation conditions

was performed in order to be consistent with the common velocity assumption.
The udjustment does not exceed 18 percent.

IMFACT SFEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM»

LATERAL
VEH #1 Q.8 MFH
VEH #2 ¥, MFPH

SFEED CHANGE (DAMAGE)

roTaL LOMG. LAT, ANG.
VEH #1 19.7 MFK ~17.1 MFH 9.9 MPH -38.0 DEG.
VEH #2  43.@ MEH 37.2 MFH 2..5 MFH 8.@ DEG.
SFEED CHANGE (LINEAR MOMENTUM)
TOTAL LONG. Lar, ANG.
VEH #) 14.8 MFH S1I.T MEH 6.5 HEH ~26.1 DEG.
VEH 82 3201 MPH “2&.7 MFM “17.9 MFH 3.9 DEG.

ENERGY DISSIFATED By DAMAGE: VEH w1 23188.8 FT-LB VEH 8T 196487.1 FT-LB

FELATIVE VELOCITY DATA

SFEED ALONG LINE THRU CGS (L INERR MOMEM TUM)
VEH ) 24,7 MFN

VEH 42 TP

SFEED URTHOG. TO UG LINE (LINEAR MIMENTUM)
VEH W1 H.4 M
VEH W2 II.9 oMy

CLOSING VELOCITY (LINEAR MUMENTUM:
RN 211

SCENE [NFORMATION

EAICLE Wl VEHICLE a2

IMFACT X-FOSITION Ao FT, 1w, 78 FIT,
IMFACT v -1OSITION Moae FT, 3.435 FT.
IMFACT HEADING ANGLE d.6¢  DEG. 119.99 DEG.
REST € FOSITION B8i1.%¢ KT, J2.9¢ FT.
REST v FOSITION 3.0 FT, 41.49@ FT,
REST HEADING ANGLE 1>.58  DEG. S61.97  DEG.
END -OF ~-RUTATION ¢ $OSITION Ada FIT, S2.88 FT,
END OF ROTATION « FOSITION AL FT, e FT.
END -UF ROTATION HEAUING sliGLE toe DEG. 249,97 DEG.
DIRKECTION OF FOTATIUN Cu Cw

AMOUNT UF KOTATION pt See

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

OONCLUSIONS

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 batween EDCRASH and
CRASH3 was user-interactivity. This was the
result of substantial differences in program
design.



SUMMA K Y oF CRASHZI FESULTS

re eWARNINGe s » SEFARATION VELOCITIES ALONG DOPF ARE
NOT COMFATIBLE. ACCORDING TO ASSUMFTION OF &
COMMON VELOCITY AT THE DAMAGE ARERA CENTROIDS.

RIC3HC #7 CHEVELLE v3 RAEEIT

SUMMARY OF RESULLTS

[MFACT SFEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)

FORWARD LATERAL
VEH®] TE.T MFEH L0 MPH
VEHMD 47,7 MFH A MEH
SFEED CHANGE (DAMAGE)
Tatac LONG. Lart, ANG.
VEH® ] 19.7 HMEH -17.1 MPH 9.9 MFH -Ia. 8 DEG.
VEH®D 37,8 MFH -37.2 MRH S21.5 MRH 8.8 DEG.
SFEED CHANGE (LINEAK MOMENTUM)
ToTAL LONG. LAT. ANG.
VEHWL 18.8 MEH 15.8 MeH 19.2 MFH -32.9 DEG.
VEHSD  d@.? MEH T6.4 MEH ~18.6 MFH 27.1 DEG.
EMERG. DISSIIATED B DAMAGE  VEH®D  217188.8 FT-LL  YEHWD 196486.9 FT LD
RELATIVE VELOCITY DATA
SPEED ALONG LINE THRU CGS (LINESK MOMEMTUM)
LENw] II.7 MEH
veHe 9.0 MFH
SIEED OFTHOG. 10 CG LINE (LINEAR MOMENTUM)
JEviey TN T
VEH® 4.7 MEH
0SNG VELQCIT ¢ WLINEAF MOMENTUM)
4701 MEGe
SCENE INFORMATION
VEMICLE @ VEHICLE » 2
IMFACT 1 POSITION .8 FT. w‘:.7w FT.
IMFACT v FOSITION Lo FT. T.a3 FT.
IMERCT HEADING SNGLE .o DES. 119.99  DEG.
- 22 Fr
FEST € FUSITION Ha.%¢ FY. 22,90 .
FEST ¢ FUSITION 18.38 FT. d41.48 FT.
FEST HEADING ANGLE 16.%0 DEG. 261.97 DEG.
£ND OF -ROTATION @ POSITION o8 FT. i2.ae FT.
END OF RUTHTION . FUSITION Lo BT e P I
Py OF FUlwl Lol UEsw bii sdLLE PRSI (SN v 2 IV
COINT ON UTRUVE - FOSTTION ae.0@ FT.
FOINT Or CLEWE ¢ FOSITION .00 FT.
JIRLCTION oF EQTATION Cw cw
AMOUNT OF ROTATION ‘Zow 2]
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
FEDCRASH. 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 CRASH3.

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.

3, EDCRASH generated additional warning
messages, both informative and fatal, resulting
rom validity checks for damage data and common
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SUMMARY oF EDCFASH RESULTS

ENGINEERING DYNAMICS CORFOFATION
RICSAC #7 CHEVELLE

Date {2 -39 1984
WS RRIEIT

Time 12:70:0s

WARNING MESSAGES:

Damage tased estimates for Magnitude ot Frircipal Force arosslv violate
Newton’s third law of motion. FReciew the ouiput to determine required
corrections to Damage Data and adjust a:i necssarsy,

The Magnitudes of Frincipal Force for Vehicles ! and 2 shouid be
appro:imately equal.

User “entered point un cur.e for vehicle W1 was discarded because the
POBIt10N was too far away from other path codrdinates to make sense.

1f the post-impact path was curved and \Our 101Nt On Curve was rejected
the results ma. be wrroneous. Chech vour daia.

COMMON VELOCITY WAFNING
was
The

< An adiusteent of vehicle separation conditions
performed in order to be consistent with the common velocitv assumotian.
adjustment does not e:ceed I¥ percent,

IMFACT SFEED (TRAJECTORY AND CONSERVATION OF LINEAR MOMENTUM)

FOFWaHD LATEFRAL
VEH w1 5.9 MPH A.e MPH
VEH W0 4.7 MPN Ao MFH

SFEED CHANGE (DAMAGE)

TOTAL LONG. LAT. ANG .
VEH %1 19.7 MFH 17,1 MFH P9 MFH -38.2 DEG.
VEH w2 4T.@ MMH ~IT.2 MPH 1.3 MFH To.d DEG
SFEED CHANGE (L INEAR MOMENTUM)
10¥maL LOUNG. LAT. ANG .
VEH w1 13.8 MFH -13.3 MFH 6.5 MFH -2&.1 DEG.
VEH w 2.1 HFH L, T MEH 17.9 AfK 33.9 DEG.
ENERGY DISSIFATED LY DAMRGE:  VEH Wi 2T18E.8 FT LD  VEN B. 19548°.1 FT LE

FLLal[VE VELCOCETY DATA

SFEED ALONG LINE [HAU LGS (LIMEAK MUMENTUM)

VEH Wt REFA
VEH 82 7.3 MFR

SFEED Of:THOG. TO CG LINE (LINEAR POMENTUR)
VEH Wt a0 MEI
CEH WD I3 e

CLUSING VELOCITY (LIMNEAR MORENTUM)
3107 MR

SCEMNE INFORMATION

VEMICLE @1 VEHICLE @l

IMFACT X-FOSITION Do FT. 18.78 FT.
IMFACT +-FUSITION doont FTL T.49 T,
ILMPACT HELDING »HOLE v.ad DEG. 119.99 DEG.
REST € FOSITION EEF-TI A J..9a FT.
RESY ¢ FOSITLON 1B.2v FIT. 41.40 FT,
FEST HERDING &NGLE 1s. % DEG. J61.97 DES
END -OF KOTATIOM X FUSITION [ONTEE A 2T.ea FT.
END UF KOTATION ¢ FO5SITIUN o FTL TaLve T
END OF -KQTATION HEADING aNGLE V.9 DEG. 239,97  DEC.
DIFECTION OF ROTATION Cut Cu

AMOUNT OF ROTATI N Tew o8

Figure 18 - EDCRASH with errant
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velocity to insure valid data and corresponding

results.

10. EDCRASH produced a graphics display of the
results.
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