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INTRODUCTION

Background - The CRASH¥* computer program was developed to provide
uniformity and improved accuracy of highway accident reconstruction.
The model accepts as input the physical evidence such as vehicle(s)
size(s) and inertial parameters, the scene trajectory information and the
damage measurements of the vehicle(s). In the absence of scene
documentation, the reconstruction is based solely upon damage
information. In the absence of damage measurements, the
reconstruction is based upon the Vehicle Damage Index (VDI) of the
involved vehicle(s). The primary outputs from the model are the vector
change(s) in velocity of the vehicle(s) resulting from the collision and

(when scene measurements are available) the impact speed(s).

Damage Algorithm and Assumptions - The algorithm of the CRASH-

computer model which utilizes the damage information to compute the
delta-V vectors is the DAMAGE algorithm. In the formulation of the
algorithm, the following assumptions are made:

that the vehicle exhibits a linear force vs. deflection property,
' that at a given location, the stiffness is the same in any
direction of deformation,

' that the collision deformation is plastic and no slippage occurs.
The actual stiffness properties are derived from staged collision data and
are stored within the algorithm as a table of values. The table is
subdivided by vehicle size and area of damage. At the time of initiation
of this project, the stiffness values stored in the model were those
derived by McHenry(l)**in 1977. Most of the data were from vehicles
whose model years were in the early 1970'. Very little data were

available for the rear collision mode during the MecHenry update.
¥ Calspan Reconstruction of Accident Speeds on the Highway

** Numbers in raised parenthesis indicate references at the end of the

paper.
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Items Addressed in SRL Study - The primary focus of this study was the

updating of the stiffness values stored within the DAMAGE algorithm. Since
the rear stiffness values were based on such sparse data, special effort was put
forth to locate and verify crush data for the rear damage area. Frontal data
were included but were analyzed in light of the existing values which had been
verified by considerable experience. Side data were needed but very little

were found.

The model assumptions were also examined in the study to determine if simple
improvements could be made within the scope of the project. The benefit of
assuming a bilinear force vs. deflection representation, rather than a linear,

was examined and specific examples shown.

The physical limitations of other assumptions associated with oblique-angle

collision reconstructions were identified and discussed.

UPDATE OF STIFFNESS PARAME TER TABLES

CRASH Model Use of Stiffness Parameters - The basic approach of correlating

vehicle damage to collision energy was presented by K.L. Campbell at the 3rd
International Conference on Occupant Protection(z). The extension of the
empirical relationships begun by Campbell formed the basis for the CRASH
model DAMAGE algorithm. In the model, the force resulting from collision
deformation is assumed to be a function of the three variables shown in
Figure l. The variable "A" represents the force (per unit of damage length or
width) required to initiate permanent deformation. "B" represents the
stiffness (per unit of damage length or width) and "C" is the amount of
structural crush. The relationship between delta-V, crush and the stiffness
parameters is contained in Appendix A of this report and is reproduced from
Reference 1, pages 36 through 44. A more complete derivation can be found in

Reference 3, pages 50 through 57. It is noted that the delta-V is also linearly
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related to crush, and that another parameter "G" is derived as a constant of
integration. In the model, the constants A, B, and G are stored as a table of
values. Separate values are stored for each vehicle size (mini through large)

and for each general area (front, rear, side).

Table | shows the tabular values as derived under the work of Reference l.
The units for the values are defined in Appendix A. The procedure for CRASH

reconstruction is summarized as follows:

1) The reconstructionist. enters the vehicle category, inertial
parameters (if known) and the measured damage information (crush
depths, damage length, location, and force direction) for each
involved vehicle.

2) Based upon the size category and damage area input to the computer,
the computer retrieves the appropriate stiffness and inertial
parameters (A, B & G).

3) The equations are solved. 4

4) The delta-V vectors are output along with other computed

information.

CRUSH Model Approach - It was decided, due to the large number of staged
collision tests ava‘ilable, to use an automated approach for analyzing the
tests. The CRUSH model was selected. The following is intended to briefly
describe the conceptual approach of the model.

The CRUSH model was formulated as part of the study of Reference L. In
concept, it is an inversion of the process of the CRASH model. Whereas the
CRASH model starts from known damage measurements and known stiffness
parameters and then computes delta-V's , the CRUSH model starts from known
delta-V's and known damage measurements and then computes stiffness
values. At least two separate staged collisions are needed for each set of
stiffness values (an infinite combination of A, B and G's will satisfy the
damage and energy criteria of one test). More reliable stiffness values are

obtained if the laboratory tests were conducted at widely differing speeds.

“
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TABLE 1
Crush Coefficients Prior to SRL Study

1 2 3 4 5 6
MINICAR SUBCOMPACT COMPACT INTERMEDIATE FULL SIZE LARGE

A 85.4 94.89 154.6 233.7 307.5 307.5
F B 64.0 71.1 69.57 49.9 36.89 36.89

G 57.0 63.31 171.78 547.3 ' 1281.1 1281.1

A 77.2 140.4 173.3 143.0 176.5 176.5
R,L B 36.7 66.7 57.1 50.4 47.1 47.1

G 81.3 147.8 263.2 202.7 330.8 330.8

A 65.98 65.98 78.18 85.51 93.28 93.28
B B 13.20 13.20 15.64 17.11 18.66 18.66

G

164.97 164.97 195.45 213.78 233.21 233.21



Each test must have only one vehicle with unknown stiffness values. Thus,
either car to barrier collisions are used or the stiffness values of one car (for

car-to-car) are assumed.

The exact coding of the CRUSH model is sophisticated, and contains gver 4000
fortran statements. A procedural summary of the program is contained in
Appendix B as taken from Reference 1. It is noted from this summary that this
procedure was written for obtaining stiffness values from two staged
collisions. The procedure is similar for obtaining stiffness values from several

staged collisions.

In the SRL study, the CRUSH model was reviewed and a version that was
available on the McAuto time share system was accessed for check-out runs.
Input for an individual run made by McHenry was reproduced with the McAuto
version and the results were found to agree. Tables 2 and 3 are the McHenry
and SRL runs respectively. The output from the individual run is in the form
of alpha and beta parameters. The alpha and beta values from multiple runs
are then used for calculations of the A, B, and G parameters. The SRL was
not able to reproduce the McHenry values of A, B, and G using the McAuto
version of CRUSH. It was found that the program called a linear fit
subroutine in line 6530 of the code. This was believed to be in error and was
changed to a non-linear fit subroutine from the SAS library. When the change
was made the results from the McHenry run were reproduced. Tables 4 and 5
show the SRL runs before and after the correction of line 6530. The model
was then assumed to be free from coding errors and ready for use in test data
analysis. One further change was made to the model to allow input data to be
entered in response to questions (interactively) rather than read from a
fixed-format file. The SRL version of CRUSH is contained in Appendix C.

Laboratory Collision Data - Data from several NHTSA test programs were

assembled for use in updating the stiffness parameters. The bulk of the effort
of collecting useable data was accomplished by the Accident Investigation
Division of the National Center for Statistics and Analysis. These data were
made available to the SRL for this study.



TABLE 2
Computer Run of CRUSH from Reference |

++++ [NTERMEDIATE RESULTS ++++
FRONTAL SAE BARRIER CRASH AT 7.9 mPH, INTERMEDIATE VEHICLE, 12/8/76

(Ref. 7) INTERMEDIATE FRONTAL
VEHICLE TYPES 1 4 8
VEHICLE WEIGHTS:  4550.001 000000. 00
VEHICLE DAMAGE INDICES: |2FDEW| 1 2FDEW] - L
COLLISION SPEEDS: 132,00 0.0 (— 507 )
AC2),8(2),6(2): 0.0 0.0 0.0
DIKECTION OF PRINCIPAL FORCE: 360.00  360.00
V1 DAMAGE DATA:  /9.80 2.00 2.00 0.0 0.0 0.0 0.9
VZ DI‘MI.\GE DATA: 0.0 UOU 0.0 0.0 000 U-O 0-0
GAn(132) 3 1.00 1.00 .

ENERGY(2): 0.0
DELVI: 131.40
SUKENG: 102122.12
ENERGY(1):  102122.12

ALPHAI ,BETAIl: 159.60 159,60
7. IS A SEC()uD CRASH TEST AVAILABLE? (YES OR NO)
Y ++++ INTERMEDIATE RESULTS ++++

HEAD-Ow FRONTAL, IDENTICAL INTERMEDIATE VEHICLES, CLOSING AT 87.4 MPH, 12/8/76



TABLE 3
SRL Computer Run of CRUSH on McAuto System

==== INFUT DATA AND CRUSH ROUTINE RESULTS ===z=

TEST MUMEER £00

VEHICLE TYFES ¢ 4 8

VEHICLE WEIGHTS: 4530.,001000000.00

VEHICLE DAMAGE INDICES: 12FDEW1 12FDEW]

COLLISION SFEEDS:! 132,00 0.00

AC2) EC(2),6(2) 8 0.00 0.00 0.00

NIRECTION OF FRINCIFAL FORCES 360,00 360.09

V1l DAMAGE DATAR 79,80 2,00 2,00 0.C3
0,00 +00

V2 DAMAGE DATAS 0.00 0,00 0.00 C.C3
0.00 0.00 .

GAM(1:2): 1.00 1,00

ENERGY(2)3 0.00

DELVLS 131.40

SUMENG 162122.16

EMERGY(1)! 102122.16

ALFHAL, DETAL 15%2.60 152.60
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TABLE 4

CRUSH Results By the McAuto System
V8. .
Results From Reference I*
Prior to SRL Modification of McAuto

McAuto From Reference |
A = 989.75 A = 254,96
B= 27.24 B = 48.27
G= 0.00 | G=673.23

*Based on identical input data and without changing line 06530 in CRUSH



TABLE 5

CRUSH Results By the SRL Proi;ram
VS,
Results From Reference 1*
After Program Modification of McAuto

McAuto From Reference |
A = 254,96 A= 25496
B= 48.27 B= 4827
G = 673.23 G= 673.23

*Based on identical input data and changing line 06530 in CRUSH

-10-
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As the various test reports were received, they were first examined to
determine if the data were suitable for the study. Tests involving vehicles
which were structurally modified were hot included in the study. In addition,
tests with inadequate damage measurements were not included. The
remaining tests were separated into the 18 categories of Table I. Appendix D
contains a list of all of the contracts and contractors from which crash test
data were received. Tables 6, 7 and B contain lists of the vehicles which were
included in each size category for the frontal, rear, and side damage -
locations. The vehicles were categorized according to the wheel base
dimension rather than the weight. Those vehicles which were not felt to be
characteristic of the wheel-base category were placed in the category judged

most appropriate and are footnoted.

In order to be acceptable, the tests were required to contain all the
measurements used as input to the CRUSH model. The data required are:

vehicle size category

vehicle weight

vehicle damage index

impact speed

damage width

damage depths at 2, 4, or 6 equally spaced paints

distance from vehicle center of gravity (c.g.) to damage center

Most of the tests were conducted for research purposes other than accident
reconstruction; therefore, the measurements taken were not precisely as
required by the model. Where possible, measurements and sketches were used
to derive the data for the model. In many instances, the information was
insufficient and the test was not used. Appendix D also shows the tests that

were reviewed but were not used as data for the model.
A number of staged collisions have been conducted using vans, pickup trucks

and 4x4's as test vehicles. The data available to the SRL had sufficient

numbers of these tests to enable creation of separate categories for the

-11-



TABLE 6

Passenger Cars Used for Front Stiffness Values

Mini Subcompact Compact Intermediate Full
80 - 94.8" 94.8 - 101.6" 101.6 - 110.4" 110.4 - 117.5% 117.5 - 123.2*
78 Volkswagen 79 Chevrolet 80 AMC 78 Chrysler 78 Ford LTD II
Rabbit (9)* Monza (10) Concord (22) LeBaron (41) Brougham (54)
75 Honda Civic 79 Toyota 78 AMC 79 Buick 79 Oldsmobile 98
{3)cvce (1-3) Celica (1) Concord (23) Riviera (42) Regency (55)
79 Honda Civic 78 AMC 78 Peugeot 79 Mercury 79 Ford
cvee (5) Gremlin (13) 604SL (24) Marquis (43) LTD (56)
79 Chevrolet 78 Mazda 79 Chevrolet 78 Dodge 73 MVMA Data
Chevette (6) RX-4 (14) Malibu (25) Magnum XE  (44) 40.7 mph
79 Volkswagen 78 Dodge 78 Mercury 78 Dodge 73 MVMA Data
Rabbit (7) Challenger (15) Monarch (26) Monaco .. (45) 30.5 mph
78 Chevrolet 78 Dodge 78 Mercury 79 Chrysler 73 MVMA Data
Chevette (8) Omni** (16) Zephyr (27) LeBaron (46) 60.2 mph
79 Datsun 79 Plymouth 79 Ford 79 P1ymouth 75 MVMA Data
210 (4) Horizon** (17) Fairmont (28) Volare (47) 31.1 mph
79 Saab 79 Ford 79 Dodge 76 MVMA Data
900 AL (20) (2)Granada (29,30) Magnum Tudor (49) 31.0 mph
77 Pontiac 79 Pontiac 79 Chevrolet 73 MVMA Data

Sunbird (21)

Firebird (31)

40. 3mph

79 Ford
Fiesta (18)

78 Toyota
Cressida (32)

Impala (50)
77 Ford
LTD {51)

79 Mercury
Bobcat (12)

78 Datsun
810 (Sta wgn)(33)

77 Chrysler
Cordoba (52)

79 Toyota 75 Volvo 78 Chevrolet
Corolla (19) (2)244 (38,39) Nova (53)
MVMA 74 Volvo 76 MYMA

(8)Supplied Data 244 (36) Supplied Data

79 Volvo 79 Chrysler

244 DL (34) LeBaron (48)
75 Volvo
(2)244 DL (35,37)

78 Buick Century
Custom (40)

*Numbers in parenthesis indicate the line number in Appendix D which contains the contract information
**New CRASH run only, no other documentation

-12-
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TABLE 7

Passenger Cars Used for Rear Stiffness Values

Mini Subcompact Compact Intermediate Full
80 - 94.8" 94.8 - 101.6" 101.6 - 110.4" 110.4 - 117.5" 117.5 - 123.2"
79 Triumph 77 MVMA 78 Ford 77 Oldsmobile 79 Checker
Spitfire - (57)* - Supplied Data Fairmont (83) Cutlass Supreme{87) Taxicab
77 Chevrolet 78 Chevrolet 79 Mercury ‘ 78 Dodge 75 MVMA .
Chevette  (59) Monza (71) Monarch (80) Diplomat (86) (2)Supplied Data
79 P1ymouth 78 Pontiac 79 Mercury 78 Buick 6 MVMA
Arrow (58) Sunbird (72)  (2)Zephyr (81,82) Regal** (88) Supplied Data
79 M6 78 Plymouth 80 AMC 77 MVMA
Midget (60) Sapporo (75) Concord (84) Supplied Data
78 Saab 79 Volvo 79 Buick
99GL (76) (85) Riviera Type $(93)
78 Mazda 79 Ford
Cosmo (77) LTD (92)
78 Buick 79 Ford
Opel (78) Thunderbird (91)
78 Datsun 79 Cadillac
510 (79) Seville (s0)
72 Ford Pinto*** 77 Pontiac
{21.47mph) (69) Ventura (89)
72 Chevrolet Vega 78 Pontiac
(21.38mph) (70) Phoenix {94)

76 Ford Pinto Wgn
(35.18mph) (61)

72 Ford Pinto Wgn***
(35.57mph) (67)

76 Ford Pinto
(30.31mph) (63)

76 Ford Pinto***
(35.30mph) (64)

74 Ford Pinto
(29.89mph) (65)

74 Ford Pinto
(35.32mpn) (66)

71 Chevrolet Vega
(34.78mph) (73)

71 Ford Pinto
(29.91mph) (67)

72 Ford Pinto
(35.27mph) (68)

71 Chevrolet Vega
(40.74mph) (74)

*Nymbers in parénthesfs indicate the line number in Appendix D which contains the contract information
**New CRASH run only, no other documentation
***The Pinto is actually a mini-car by whee) base

-13-



3

-,

viva viva viva viva L “ON "33}y
JvSIIy JvSIIY JVSITY JVSITY Aausydy 8sg
we°g2l - S°/LL «S°LLL - $°0LL w?°0ll - 9°10L 9°10L - 8°16 u8°v6 -~ 08
Lin4 9jelpoaudalul HUMQEOU HUMQEOUQ ng LULW

SON|BA SSAUSLLIS

9pLS 404 pas( s4e) uabuassey

8 314yl

-14-



stiffness parameters of these vehicles., Tables 9, 10 and 1l present the specific
vehicles used for the van, pickup and 4x4 categories respectively. Data were
not available for analysis of the side stiffness values for any of these vehicles,
and were also not available for the rear stiffness values.of 4x4's. Though not
complete, the data were felt to be significant because of the increasing
number of highway accidents involvirig these vehicle types and the need for
reconstructions of such accidents. Additional subdivision of these vehicles by

size, etc. was felt desirable but not possible from the data available.

New Stiffness Derivation - The vehicles shown on Tables 6 through Il were

used to derive the updated stiffness parameters for the various categories that
they represent. The derivation procedure will be presented here and the
validation procedure will be presented in the following section. The derivation
procedure was as follows:

1) Utilize the CRUSH model to get preliminary stiffness values for
each category (i.e.,, run CRUSH with each staged collision in the
category).

2) Perform hypothetical CRASH reconstructions of a high speed
collision and a low speed collision with the new stiffness values (i.e.,
plot the crush depth vs. delta-V line that results from the derived
coefficients),

3) Adjust the derived coefficients in the range outside of the available
test data to yield acceptable reconstruction results.

The procedure will be illustrated by deriving the rear stiffness values for
sub-compact vehicles. Table 7 shows that 20 laboratory collisions were
performed for this category. Data was extracted from each of the laboratory
tests and input to the CRUSH program. Figure 2 shows a CRUSH input session
and resulting output. Note that the output is in the form of Alpha and Beta
parameters with their associated damage length and energy. After all 20
collisions had been run, the 4 parameters from each run were input to the
NLIN subroutine of the Statistical Analysis System to determine the optimum

solution to the three equations shown in Figure 3. The output parameters are

-15-



TABLE 9

Vans Used for Stiffness Value Derivation

Front Rear
79 Ford Econoline E150* 78 Chevrolet C10 Van
(2) (99,100) (108)
79 Dodge B200 78 Dodge B100
(4) - (101,102,103,104) (109)

78 Ford Econoline E150
(105)

*Numbers in parenthesis indicate the line number in Appendix D which
contains the contract information
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TABLE 10

Pickups Used for Stiffness Value Derivation

Front Rear
78 Ford Custom Styleside 78 Datsun P.U.
F250 P.U. (114)* (115)
78 Chevrolet Luv P.U. 78 Ford F-100 1/2 Ton P.U.
(113) (116)
78 Ford Custom Styleside 78 Dodge D-100 P.U.
F150 P.U. (112) (117)
78 Chevrolet E1 Camino P.U. 78 Ford Ranchero 1/2 Ton P.U.
(111) (118)
78 Ford Courier P.U. 78 Toyota SR5 Hilux Long Bed P.U.
(110) (119)

78 GMC 1500 P.U.
(120)

*Numbers in parenthesis indicate the line number in Appendix D which
contains the contract information
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TABLE 11

4x4's Used for Stiffness Value Derivation

Front

78 Subaru Brat

(122)

78 Datsun F-10
(121)

78 AMC . Jeep CJ5
(96)

-18-



noted in Figure 3 as the values Ahat = 78.07 and Bhat = 0.459. The preliminary
values are suspicious, due to the very low predicted slope, Bhat. A likely
cause of the problem could be that the laboratory collisions were tightly
grouped around crush depths of 12 to 15 inches. Thus, the predicted values of
A and B (which at this point are the preliminary values Ahat, Bhat) may
provide useful CRASH predictions at crush depths of 12 - 15 inches, but be
unacceptable outside that range.

The second step in the parameter derivation is to perform two hypothetical
CRASH model reconstructions using the preliminary values, Ahat and Bhat.
To accomplish this, the sub-compact rear stiffness values in the CRASH model
were replaced with the preliminary values. A vehicle which had a weight and
width equal to the average of the 20 laboratory cases was assumed. Two
impacts were reconstructed in which full rear crush to the vehicle occurred
from hitting a fixed rigid barrier. Crush depths of 32 inches and 8 inches were
assumed. The resulting delta-V values were 17.4 and 15.3. These values, when
plotted allow a crush vs. delta-V line to be drawn (see Figure 4). The delta-V
values outside of the range of the laboratory data are suspect. Particularly,

the intercept value is not reasonable, and the adjustment procedure is required.

The adjustment procedure of step 3 utilizes the crush vs. delta-V plot of
Figure 4. For any straight line relating delta-V and crush, there exists a
unique combination of A and B which coincide with the line. A simple
algorithm was written for the computer which would enable the derivation of
A and B values for a desired crush vs. delta-V characteristic. The algorithm
listing is shown in Figure 5. The required input are two points on a line of
crush and delta-V.

-19-
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For the adjustment of the Ahat and Bhat values, it was assumed that the value
of delta-V at 12 inches of crush was good and that a 5 mph delta-V could be
sustained with no permanent crush to the rear of the vehicle. These two

points yielded adjusted values of:

A =169.37
B= 29.92
G =479.35

This completed the procedure for obtaining rear stiffness values of
sub-compact vehicles. A similar procedure was followed for all of the
passenger car as well as the light truck categories. In some instances, the

adjustment procedure of step 3 was not required.

The individual CRUSH computer runs for all passenger car and light truck
laboratory tests are contained in Volume II of this report. The Volume is
indexed to allow each category to be located and the parameter derivation

traced.

A visual presentation of the passenger car results is shown in Appendix E.
Each figure shows the crush vs. delta-V result of the old stiffness values, the
unadjusted new values and where adjustment was necessary, the adjusted new
values. An additional line is shown for the frontal stiffness parameters of
Appendix E. This represents the average of the old and the new (or new
adjusted) stiffness values. The reason for averaging is discussed in a later
section of this paper, "Discussion of Stiffness Values". The final stiffness

values are shown in Tables 12 and 13.

The process selected for parameter derivation in this study is not claimed to
yield optimum results. Two additional methods for derivation are known but
were not used in this study. The first is to utilize a standard optimization
routine that hunts for A and B values which best reconstruct the test cases.
The second method also utilizes the CRUSH model approach but bypasses the
adjustment process by entering "dummy" crash test results at speeds outside
the narrow range of most crash test data. The second method was used by
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TABLE 12

Crush Coefficients Based on
CRUSH Program’

Minicar Subcompact Compact Intermediate Full/Large

= 294.8 363.6 415.4 440,23 368.19

Front = 43.5 36.4 41.5 34,85 38.84
= 998.9 1817.9 2077.0 2280.3 1745.3
= 77.2 258.4 35.7 342.4 218.0
Side = 36.7 28.0 72.8 44.3 41.7
= 8l.3 1160.8 8.8 1324.3 570.3
= 365.7 390.5 410.6 356.6 296.8
Rear = 38.1 40.7 93.6 12.8 70.1
= 1755.4 1874.4 1930.9 4986.0 628.1
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TABLE 13

Stiffress Values for Vans, Pickups and 4x4's

VANS PICKUPS 4x4's

A = 383 480 390

FRONTAL B =126 50 32
G = 580 2315 2255

A = 300 346 320%

REAR B= 55 25 ‘ 20%
G = 818 2373 2560%

*Estimated, no data to verify
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Jones(a) in a similar study of European vehicles. The first is judged to be
sensitive to clustered data just like the method that was chosen,

Validation of the New Stiffness Values - There were two levels of validation

recognized as possible to check the newly derived parameters. The first level
was that of reconstructing the staged‘ collisions which were used as model
input to derive the parameters. Such reconstructions were performed with
both models (the CRASH model containing the old stiffness values and the
CRASH model containing the new stiffness values). The second level of
validation was to reconstruct staged collisions which were not used to derive
the stiffness parameters. This was recognized as a much better check of the
model accuracy, however, such a validation was only possible for a few

categories as will be discussed.
The first level of validation was performed as follows:

1) If less than 10 collisions were used to derive stiffness values, all
were reconstructed in the validation process.
2) If more than 10 collisions were used, 10 were randomly selected and

reconstructed.

The validation of the rear stiffness values for subcompact vehicles will be
shown to illustrate the procedure. As shown earlier, a total of 20 staged
collisions were used in the derivation of the parameters. A random selection
process yielded 10 cases which were reconstructed with the old and the new
parameters. Table 14 shows the results of the two reconstructions for each of
the 10 collisions. The new coefficients were found to yield more accurate

reconstructions, as was expected, for the subset of data used.

Two additional subcompact rear-end collisions were performed at Calspan

(5)

Pinto was impacted in a 10 degree rear offset configuration by a 1974 Ford

Corporation*”” using fairly recent model cars. In each impact, a 1974 Ford

Torino. Again, the reconstructions were performed using the old and new

models. Table 1[5 shows the results of the reconstructions. The new

parameters showed improvement.
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TABLE 14

Level I Validation of Rear Stiffness Parameters,
Subcompact Vehicles

NHTSA Contract ‘ Actual 01d Parameters New Parameters
No. & Test Delta-Vvl Delta-Vv2 Delta-vl Delta-v2 Delta-V1l Delta-v2

NHTSA-8-0323 18.3400 11.5400 13.9000 8.7000 20.2000 12.7000

74 Pinto 7 ' :

NHTSA-8-0323 21.9500 13.3700 19.1000 11.6000 27.1000 16.5000

74 Pinto

NHTSA-8-0323 22,2500 12.5300 18.7000 10.5000 26.2000 14.8000

71 Vega '

NHTSA-8-0323 19.3800 10.5300 14.6000 7.9000 23.5000 12.8000

71 Pinto

NHTSA-8-0323 26.1200 14.6100 21.1000 11.8000 29.4000 16.4000

71 Vega

77 MVMA 15.9200 14. 4800 8.2000 7.4000 16.8000 15.2000

77 MVMA 15,6000 13.6100 - 6.4000 ~ 5.6000 13,5000 11.8000

77 MWMA 15.7700 13.5500 6.7000 5.7000 14,2000 12.2000

77 MVMA 16.8000 13.0000 8.5000 6.6000 17.6000 13,6000

77 MWA 16.2900 12.7100 7.8000 6.1000 16.4000 12.8000

SW OF DIFFERENCES USING OLD COEFFICIENTS = 111.4500
SWM OF DIFFERENCES USING NEW COEFFICIENTS =  39.0100
10 RUNS WERE MADE IN CALCULATING THESE VALUES
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A similar approach was followed for the other categories. Appendix F contains
the results of each type of validation (level I and, when possible, level II) for
all of the passenger car and light truck stiffness categories. In many
mstances, cnly a level I validation was performed due to the lack of separate,
late model collision data with which to perform the level II validation.

Discussion of Stiffness Values - Based upon the quantity and quality of the

data available, the frontal and rear bassenger car stiffness values were judged
to be quite reliable. It was understood that the values were representative of
the average stiffness of the vehicles tested. No effort was put forth in this
study to identify "outriggers" (vehicles which have individual stiffness values
that vary greatly from the size category to which they belong) or to compute
stiffness values for individual vehicle models. Both would be reasonable topics
for another study. The frontal values were found to be relatively close to
those computed earlier in Reference L. If the differences in frontal stiffness
values were judged to result from vehicle fleet differences, then it would
make sense to compute an average or weighted average of the old and the new
values. If the differences were judged to result from an increase of data, then
it would be reasonable to discard the former values and use the new values.
The judgement was made that the differences were fleet differences and that
the old values should be averaged with the new. To accomplish the averaging,
the crush vs. delta-V plots (Appendix E) were used. A line was placed mid-way
between the old and the new (or adjusted new) lines on each plot. The A, B
and G values which correspond to the mid-line were then computed. Table 16
presents the averaged frontal stiffness values of the ™old" and "new" vehicle

fleets.
NOTE: The averaged stiffness values shown in Table 16 were implemented

in the "Crash III" version under the direction of the NCSA in Washington, D.C.
in January, 1982.
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The rear stiffness values for passenger cars were found to be more noticeably
different from the old values. The earlier values were based upon very little

actual data, so the new values were judged to be an improvement. The earlier
values were replaced by the new values. See f? , E-/5

The side impact test data were lacking in quantity and were of somewhat
questionable quality. Data were only available for three passenger car
categories. The bulk of the data was extracted under the RICSAC(S) study
and the actual test reports were not available. Some additional data were
from testing with the barrier specified in Federal Motor Vehicle Safety
Standard 208 and the lbading is not representative of a car-to-car impact. It
was judged that the old side stiffness values should be retained until more or

better data become available.
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TABLE 16

Averaged (0ld & New) Passenger Car
Frontal Stiffness Values

Frontal 1 2 3 4 5
Impact (Mini) (Subcompact) (Compact) (Intermediate) (Full/Large)

A 301.54 259.38 317.35 355.88 325.18
B 47.04 43,23 55.94 33.78 37.03
G 966.74 778.13 900.11 1874.9 1427.61
NOTE: The averaged stiffness values were implemented in the "Crash III"

version under the direction of the NCSA in Washington, D.C. in January, 1982.
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ANALYSIS OF LINEAR FORCE DEFLECTION ASSUMPTION

Background - It was previously pointed out that the CRASH model was
formulated with an assumed straight-line relationship between vehicle crush
and force (s.ee Figure 1). It was noted that a value "A" was derived to denote
the level of force at which permanent crush was initiated. The value "B" was
used to denote the slope of the line. Both values were derived as "unit-length"
values, i.e., force per unit of crush length and stiffness per unit of crush
length. One further relationship, not previously pointed out, is the physical
meaning of the "G" value. If the line shown on Figure 1 were extended until it
intersects the abscissa (see Figure 6), the area enclosed by the abscissa, the
ordinate and the force line has the value "G". Expressed mathematically in
terms of A and B:
A2

G=§E

SRL's understanding is that it was derived to represent the elastic energy of
crushing the unit of vehicle surface. For the front or rear surface it could
conceptually be thought of as the energy per unit vehicle width absorbed by
the energy absorbing bumper system before any permanent deformation was
caused. A vehicle impacting a fixed barrier at a speed at which its kinetic
energy was equal to the product of G and the vehicle width would bottom out
the energy absorbing bumper but cause no permanent crush., No physical
evidence is known to justify the assumption that the elastic stiffness is equal
to the plastic stiffness of a vehicle surface. Since that assumption was not the

topic of this study element, it was left to future analysis.

The pages cited in Appendix A give an overview of the derivation of the
energy resulting from a collision and the formulation of delta-V. The
formulation becomes much more complex if other than straight-line properties
are assumed for the force vs. deflection. All of the equations that lead to the
computation of delta-V from crush measurements would need to be rederived
if other than a linear force vs. deflection is assumed. It was not the intent of
this element to derive a new model, but rather to investigate the
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benefit that might be expected from a more complicated force vs. deflection
relationship.

Selected Laboratory Collision Analysis - It was decided to .gelect two series of

vehicle crashes for analysis: -

(1) Chevrolet Citation/barrier collisions at three different impact
speeds. Selected for analysis because the force vs. deflection
curves derived from the accelerometer data were observed to be

nearly linear, matching the linearity assumption of CRASH.

(2) Ford Torino/barrier collisions at five . different impact speeds.
Selected for analysis because the force vs. deflection curves derived
from accelerometer data were observed to be bi-linear, violating
the linearity assumption of CRASH.

Becausé a range of speeds were used in the collision- testing of each vehicle, it

was possible to compute stif fness values for c;.a'ch vehicie individually.

Chevrolet Citation - Figure 7 presents information ,llelating to the Citation
crashes. The actual force vs. deflection plots (derived from the accelerometer
traces) are shown for the 35, 40, and 48 mph impa"ctv:s'beeds. A straight line
has been placed over these showing the regression fit to the traces. Thié
straight line represents the actual liheap force vs. deflection characteristics as

approximated from the acéelemmeter'data.

The CRUSH model was run with the three Citation tests as input. “The
following frontal étiffnéss parameters were derived: .

A= 5157 I S

B= - 159 éRUSH Model Derived Parameters B
G= 83728 ‘ :
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The frontal stiffness values which correspond to the straight-line fit of the
accelerometer data were:

A= 5857
B-= 1.9 Accelerometer Derived Parameters
G = 14459.3

It was noted in this excercise that the stiffness values derived by CRUSH are
not necessarily the actual stiffness values of a vehicle or class of vehicles,
i.e., they do not match the experimentally derived force vs. deflection. The
reason for this is most lfkely due to the fact that the equations in the model
define assumed relationships between crush and energy. The use of static
crush, rather than dynamic crush, exaggerates the stiffness value "B". The
two independent sets of stiffness values were then used to reconstruct the
three Citation collisians. The results are shown on Table 17. It was noted that
the actual vehicle stiffness values did not produce reconstructions which were
as accurate as the CRUSH derived coefficients. An analysis of the two sets of
parameters revealed that. actual stiffriess. values were penalized -by the "G
value which resulted from the assumed formulation. The actual intercept (A)
was larger and the actual slope (B) was less, both having the effect of making
the area under the tail of the curve larger. It became apparent that a
separate approach was needed by which delta-v values predicted from
accelerometer derived stiffness data could be compared with the traditional
CRASH values shown in the middle column of Table 17. The approach selected
was to use dynamic crush and to simply calculate the area under the force vs.
deflection line. The following steps were used in this formulation:

1)) The accelerometer time history was processed to derive the cross
plot of force and deflection (at 15 Hz).

2) A straight line was fit (by least squares regression techniques) to the
accelerometer derived force vs. deflection curve. For bi-linear

curves the process was the same, except that two lines were fit.
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TABLE 17

Citation Barrier Test Reconstructiocns

CRASH II With CRUSH CRASH II with Accelerometer

Actual Delta-v Deriyed Coefficients Derived Coefficients
35.0 34.7 39.4
39.9 39.7 | 43.9
48.0 47.8 51.0
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3) The dynamic crush was determined by dividing the static crush by
the average ratio of static to dynamic for the test series. (Note:
The dynamic crush had been measured in the laboratory tests but is
not available in highway accidents. It was decided to maintain
téchniques which could be transferred to highway accidents, so the
dynamic crush was computed from the static crush.)

4)  The area was found under line number | (see Figure 8)

5)  The area was found under line number 2 (if the curve was bi-linear).

6)  The energy was then computed: E = [Areal + Area,]

7)  The delta-V was computed: Delta-V = SQRT[2XE/M]

A comparison of the two redonstruction methodologies was conducted as
follows:
D | The three Citation collisions (all of which had near linear force vs.
deflection characteristics) were reconstructed by the new approach
using an assumed linear force vs. deflection. .
2 The results were~ compared with those obtained - from the
conventional approach (Table 17, middie column).

Table 18 shows this comparison.

In the process of working with the force-crush curves, inconsistencies were
observed between reported static crushes (used in the conventional approach)
and static crushes determined from the acceleration responses (used in the
acceleration-data approach).

Consequently, the SRL reviewed the crash test films and found agreement
between static crushes obtained from accelerometer data and film analysis.
This indicated that the reported static crushes (measured post-tests) were
probably not measured in a manner compatible with this type of modeling. In
spite of this apparent difference, excellent correlation was seen in Table 17
between actual delta-V's and delta-V's obtained by the conventional approach.
The reason for this is simply that the reported static crushes were used to
generate the CRUSH coefficients (A, B, and G) describing the curve which
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" TABLE 18

Comparison Between Hand Calculation
Method and Conventional (CRUSH & CRASH) Method - Citation

Cenventional Hand Calculated
Actual Delta-v Method from Accelerometer Data
35.0 34.7 34.7
39.9 39.7 36.5
48.0 47.8 47.6
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best fit the three data points. In "reconstructing" the delta-V's, the same
reported crush values were used. The correlation eeen was, therefore, not an
indication that the force-crush curve described by A, B and G represents the
physical properties of the vehicle (it would not have the proper slope or
intercept'for the Citation), but it was an indication of the validity of the
linearity assumption for the Citation (if nonlinear, agreement would not be

possible for all three points).
The conclusions for the Citation analysis were:

1) The straight line approximation fitted the data very well.
2)  Hand calculations of energy under the straight line fit through the
force vs. deflection data also yleld good results, provnded the static

: CPUSh measurements are accurate.

Ford Torino - Figure 8 shows the force-deflection curves of five tests with the
Torino at speeds from 15 to 40 mph. The data (shown filtered at 60 Hz) was
filtered to 15 Hz to smooth the curve. The digital data points were input to a
standard regression routine and the straight line best representing the first
portion of data wae computed. The point of intersection of the two straight
lines was selected .‘*'byn eye". A computer routine could probably have been
written to optimize a bilinear curve to data points but this was not done. The
resulting bilinear curve is judged to be a good, though not an optimum,
representation of the data. It was also judged adequate to conduct this level
of investigation of the curve shape. Following the formulation based on
accelerometer data, the energy -and delta-V at each level of dynamic crush
were computed by hand. In addltlon, the 5 data sets of static crush and actual
delta-V were mput to the CRUSH model and the linear stiffness values for the
CRASH I1 model were’ computed by the conventional approach. The five cases
were then reconstructed with CRASH IL The results are intended to provide a
reasonable companson of the two methods -- lmear and bi-linear formulation.

Problems Were encountered in this analysis and, as with the Citation, data

inconsistencies were noted. The degree to which ‘vthese problems biased the
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results to favor one formulation or the other was not determined. The static
crush measurements again appeared. to be out of line with the dynamic data.
The test films were not available to determine which was correct. Table 19
shows the average static g:rush‘es" recorded by'the ‘cohir‘éctor‘from- post-test
meésurerﬁénts. Also shown are” the dynafﬁié cn;shes derived from the

accelerometer data.

TABLE 19 -- Torino Static CRUSH and Dynamic CRUSH Measurements

Test Post Test Accelerometér Ratio of

Speed Static Crush ~ Dynamic Crush Static/Dynamic
(mph) (in) " (in)
148 7 SRR 3 S - .56
255 17 . 256 | .69
30.4 19.5 30.6 .64
352 25.5 34, 75
s0s 306 ) s, .75

The ratio of static over dynamic crush.is generally eitpected to rénge from ;8
to .9 (based on scores of laboratory dynamic tests). The above ratios of .56 to
.75 are not realistic. The same problem was encountered with the Citation
data and the film analysis indicated the accelerometer data to be accurate.
Therefore, the static crush measurements were taken from the curves on
Figure 8, defining the crush at which the force level returns to zero as the
static crush. Table 20 presents this data.
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TABLE 20 -- Torino Accelerometer Static & Dynamic Crush Measurements
(From Figure 8)

Test Accelerometer . Accelerometer . Ratio of
~ Speed Static Crush Dynamic Crush Static/Dynamic
(mph) (in) @in)
14.8 10. 12.5 .8
25.5 23, 25.6 .9
30.4 - 30.6 -
35.2 29. 34, .85
40.5 35.5 41. .87

The average ratio by this method was .85.

The static crush was divided by .85 in each case to obtain dynamic crush. The
dynamic crush was used to perform hand calculations of energy under the

bi-linear curve. The results are presented in Table 21.

TABLE 2] -- Reconstruction Results by Linear and Bi-linear Methods

Actual Impact Crash II Hand Calculated
Velocity Linear Bi-Linear
14.8 16.6 14.3

25.5 26.9 24.7
30.4 —mm¥ ——=¥
35.2 34. 32.4
40.5 41.3 41.1

* The accelerometer trace was not integrated to the rebound stage for this
test on Figure 8 -- no static crush was determined. .
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The parameter values used for the above table were as follows:

Linear: .. Bi-Linear
A= 449.6 A = 406,
.B = 46.5 ‘ Bl = i1.1

G= 2173.,5 B2= 104.7

One observation from this presentation is that the straight line approach of
the CRASH II model fits these data very well even though the actual
force-deflection appears bi-linear. The sum of the squares of the differences
was 8.9 for the bi-linear and 7.3 for the linear. The bi-linear was not better
than the linear. This was not interpreted to mean that a bi-linear curve could
not be optimized which would give better overall results than the linear. It did
indicate the surprising accuracy of the linear approach when a wide spread of
velocity data is available for a vehicle or class of vehicles. This was
evidenced from both the Citation and Torino analyses. It suggested that very
little benefit can be gained by formulating a more complicated curve fit
approach through the kind of data presently available. '

The conclusions from the Torino analysla were:

)] The linear assumption of the CRASH model appeared reasonable for
these four Torino collisions.

2)  Hand calculations of energy under the bi-linear fit of the data also
yielded good reconstructions.

3) Based on the Torino collisions, there did not appear to be a need to
formulate a more complicated model. The need was rather to
obtain the same quality and quantity of data for all vehicles or
vehicle classes, as were available for the Citation and Torino.

It should further be pointed out that in bqth the Citation and Torino analyses,
lower speed collisions were not focused on. It may well be that in the 5 to 20
mph range of speeds, a bilinear formulation would render a more accurate
presentation of actual collisions. Data were not aVailable_ for these vehicles in
that range of speeds. In addition, the interest in such low speed collisions is
not as high among most accident researchers. The conclusions presented

though, only pertain to the speed ranges analyzed.
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ANALYSIS OF OBLIQUE-FORCE ENERGY CORRECTION FACTOR

In the Crash Il model, absorbed energy in angled collisions is calculated as:

E=(1 +tan2 <) f(A,B,CnyLN) eq. |
where is the angle between the direction of force and a line normal to the
side of the vehicle being impacted. Derivation of the (1 + tanzoc. ) term
apparently results from an assumption that the resultant force (F R) per unit
length along the struck side of the vehicle is a function of normal depth of
penetration (CN) and the impact angle (<) as follows:

FN=A+BCpN
FN A +BCpN
FR = + eq. 2
cos<C  Ccos<C
Direction
«— of Force By this assumption, the tangential
¢ .
Normal tc force component (F ;) is given by
L Struck Side
of Vehicle Fr=FNtan <
The value of FT increases without
Impacted limit as oc approaches 90%  This
Surface leads to the 1 + tanZc correction
factor as follows:
FIGURE 9
Force Components of a Side Collision
LN CrR
E =§ g FRACRALN
0 0
Ly Cr
A +BCp
E= dCrdL N eq. 3
cos
0 0
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Cn = CRr cos &

Ln  Cr '
. A
E = g (——- +BCR dCrdlL N
cosL

0
ACR B
E = + CZR dLN
cosk 2
0
LN ‘
A CN B C2y
- + dLN
cosk \cos&L 2 cosiL
0 - .
LN
ACN + = C2N dLp
cosz-ﬁ. 2
(1]

1
But since === | + tang
coséL _
E=(+ tanZoC) f (A, B, Cny LN)

as in equation 1.

eq. 4

eq. 5

Figure 10 shows the function (1 + tan0) plotted for correction factor angles

ranging from zero to 75 degrees. The present version of the CRASH model!
(CRASH II) limits this energy correction factor to the functional value at +75

degrees, i.e. the correction factor is less than or equal to 14.9. It is noted that

the function is fairly flat over the range of correction factor angles of zero
(normal to surface) to 30 degrees. The energy correction factor is 1.0 at 0

degrees, 1.33 at 30 degrees, 2.0 at 45 degrees, 4.0 at 60 degrees and 14.9 at 75

degrees. The extreme sensitivity and high values for the correction factor at

angles above 30° suggest that the assumptions break down at high impact

angles.
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FIGURE 10 - Energy Correction Factor vs. Angle

Alternatively, it could be assumed that the vehicle is iso&opic and that the
resultant force-vs-deflection characteristic (Fg) is a function of (1) the
width of the deflected area normal to the direction of deflection, and (2) the
depth of penetration normal to the impacted side of the vehicle. These

assumptions yield a correction factor of | for all force direction angles, as
follows:

FR= A +BCpy eq. 6
LR =cosk Ly :dLR = cosK dL (see Figure 9) eq. 7 ’
L Cr
= ( ( FRACRALR ' eq. 8
d .

LR Cr
= / ( (A +BCpn) dCrdLR
0
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FromEgq. 4

LR CRr
€= ( ( (A +Bcosk CR)MCRALR eq. 9
0 0
LR
E = ACR + B cos( CZR dLg
2
0

FromEq. 4 andEq. 7

LR
ACN + BecosL C2Zp
E = cos< dlL
cosL 2 cosZ=<
0

LR
BCZp
E = ACN o+ So— dLN eq. 10
2
0

The integral in eq. 10 is over the entire damage area. The value of the

integral outside the damage area is O since cpy is 0. Thus the limit can be
extended from LR to LRICOSaC without éffecting the value of the
integral. Then by direct substitution from eq. 7

L L
o BCR )

E= ACp + dLp = ACN + = | dLp

This relationship is independent of &£, indicating a correction factor of 1 for
all impact angles.

In the next section, the two correction factor formulations will be compared
to the available experimental data.
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Laboratory Test Data - In order to check out the above derivations, it would

be ideal to have a body of data for collisions in which the relative velocity
angle was varied. This could be accomplished by conducting a series of side
impacts with identical cars, and varying the impact angle and speed ratios to -
get relative velocity angles from near zero to near 90 degrees. Such data
would allow thorough analysis of the relationship between the force angle and
the relative velocity angle as well as the relationship between force angle and '
crush energy.

Table 22 shows a tabulation of a few tests for which the necessary information
was obtainable. The table contains data from 1l tests performed by three
contractors under separate contracts. The first two contracts in column A
were conducted specifically for the purpose of furthering accident
investigation capabilities. The third contract was a side impact safety
research effort in which data useful for accident investigation was also
extracted.

The direction of the relative velocity vector (with respect to the struck
vehicle) is shown in column E. The relative velocity is defined as the vector
difference between the striking and struck vehicle velocity vectors. Both the
magnitude and orientation of the impact speeds are necessary to compute the
relative velocity direction. An example is shown in Figure 11 for Case Number
9. The relative velocity direction is the direction that the bullet vehicle
appears to be traveling as viewed by an occupant of the struck vehicle. If the
vehicle were actually homogeneous or isotropic, the force direction would be

the same as the relative velocity direction.

Column F presents the clock direction of force assigned by the contractor or a
trained accident investigator. All of the CDC's were assigned by trained
accident investigators (trained in accordance with the National Crash Severity

Study and/or National Accident Sampling System protocol) except those of the
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TABLE 22

Laboratory Tests Used for Energy Correction Factor Analysis

A 8 C D - E F G H 1 J K L
~Investigator/ Reconstruc- Instrumen- Total CRASHIT Laboratory
Relative Contractor tionist Instrumen- tation Kenetic Energy - No Correction
Contractor/ Test Impact Impact Velocity Force Force tation Force Correction Energy Correction Factor
Contract No. No. Angle Speeds Angle Direction Direction Direction(*) Factor Loss Factor - J/K
. (mph) - Ft-Lb Ft-Lb
"1. Calspan Corp. 1 600 19.8/ 30 °© 01 o'clock 30 40 2.4 63,034 60,795 1.0
DOT-HS-7-01511 19.8 .
2. Calspan Corp. 2 600 31.5/ 30 02 o'clock 60 35+ 3.0 162,640 150, 840 1.1
DOT-HS-7-01511 31.5 '
3. Calspan Corp. 6 . 600 21.5/ 30 02 o'clock 60 42 2.2 62,590 66, 556 .94
DOT-HS-7-01511 21.5 ,
4, Calspan Corp. 7 600 29.1/ 30 02 o'clock 60 54 1.5 108,849 107,044 1.0
DOT-HS-7-01511 29.1
5. Calspan Corp. 8 900 20.8/ 45 03 o'clock 45 60 1.3 62,725 24,931 2.5
DOT-HS-7-01511 20.8 .
6. Calspan Corp. 9 900 21.2/ 45 02 o'clock 25 45 2.0 38,584 17,907 . 2.1
DOT-HS-7-01511 21.2 ) .
7. Calspan Corp. 10 900 33.3/ 45 01 o'clock 25 50 1.7 91,601 23,754 3.8
DOT-HS-7-01511 33.3 . .
8. Texas Instruments 2 90°  25.6/ -85 09 o*clock - -60 1.3 76,175 60,801 1.25
Institute 26.5
DOT-HS-01262 &
DOT-HS-01656
9. Texas Instruments 3 600 38.5/ -36 11 o'clock - -52 1.6 114,871 178,649 .64
. Institute 26.5
DOT-HS-01262 &
DOT-HS-01656 ‘
10.. Dynamic Science 8330-4 600 30.3/ -40 11 o'clock -42 ~G5*** 1.2 33,419 36, 650 .91
Inc. 15.
DOT-HS-9-02177
1. Dy?amic Science 8329-1 900 20.8/ -63 10 o'clock -54 ~75%** 1.1 64, 368 103,044 .62
nc. 0.8

DOT-HS-9-02177

*See Appendix G for procedure
**Incomplete instrumentation history; done by film analysis by personnel within the National Center for Statics and Analysis

***Taken directly from Contract Progress Reports



FIGURE 11 .
Velocity Polygon for 60° Side Oblique Impact
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two Texas Transportation Institute (TTI) tests which were assigned by the
contractor.

Column G presents the force angle used for the CRASH II model
reconstruction of the test. These are also assigned by trained
reconstructionists. No CRASH II reconstructions were performed in the TTI
study.

Column H presents an estimate of the average force direction on the side
struck car over the impact event, as derived from the vehicle accelerometer
data. Since the estimate is somewhat subjective and is sensitive to the
methodology chosen, the approach used and results obtained are summarized in
Appendix G. It is noted here though that the average force angle over a time
period varies with time - nearly always starting out close to the normal for the
early part of the event and moving toward a direction tangent to the surface
later in the event. This is important for two reasons: 1) the time of separation
is often subjective and will affect the average force direction and 2) the
average force direction over the collision event should not be (but often is)
used to estimate trajectory of a near side occupant, since the time intervals of
consideration are different. This is more clearly noted by noting the change in
average force direction from about 50 msec. (near side occupant contact) to
150 msec. (approximate time of vehicle separation).

Column I presents the correction factor computed in the meodel if the present
function is retained and the instrumentation derived average force direction is
used.

Column J presents the kinetic energy lost in the impact during the collision
event. This was determined from the impact velocities and the separation
velocities (rotational as well as translational). The translational separation
velocities were estimated by subtracting the delta-V's from the impact
velocities. The rotational separation velocities were taken from the contract
test report except for the two Dynamic Science tests whlch were estimated on
the basis of total angular displacement during spin out. ,
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The energy loss was computed as follows:
Kinetic Energy Loss = Translational Energy Loss - Rotational Energy Gain
Traﬁslational Energy Loss = Initial Translational Energy - Final Translational Energy

Initial Translational Energy = 1/2 M1 * VIZ + 1/2 M2 * v22

where: Ml, M2 are vehicle masses
VI, V2 are impact speeds

Final Translational Energy = 1/2 Ml (VI - D)2 + 1/2 M2 (V2 - D2)?

where: DI, D2 are translational delta-V's

Rotational Energy Gain = 1/2 Il * W12 + 1/2 12 * w22

where: Il, 12 are inertia values for yaw
WI, W2 are rotational velocities

It is assumed that the kinetic energy loss is absorbed in vehicle crush.

Column K presents the crush energy estimated by the CRASH II model without
any correction factor applied. In other words, based upon the damage profiles
of the vehicles, and assuming that the crush was normal to the surface, the

crush energy was estimated by the CRASH II model.

Column L presents the ratio of the measured kinetic energy lost to the
estimated crush energy. These could be called laboratory-test-derived
correction factors, to the degree that the test velocity data is accurate and
the stiffness values of the CRASH II model (and all model assumptions) are
valid.

Observations from Test Data - Some tentative and general observations are

possible from the data of Table 22. ' The relative velocity angles of column E
range from 30 degrees to 63 degrees. The clock increments of force direction
in column F encompassed the relative velocity direction about half of

-54—-



the time. Tests | and 2 of the RICSAC series (rows | and 2 in the table) which
were identical in configuration and vehicles (only the impact speeds were
changed) were coded with differing force directions. This was also the case
for tests 9 and 10 (rows 6 and 7). '

The measured force directions of column H were compared with those of
column F, and generally did not fall within the clock increment of the
investigator assigned force direction. The measured force direction generally
tended to be 10 to 15 degrees toward the normal from the relative velocity
direction. This could indicate that some amount of longitudinal slipping occurs

between the vehicles, limiting the longitudinal force on the side struck vehicle.

It is known that considerable attention is given to training investigators in
coding force directions. Like many parameters in accident investigation,
however, the force direction ‘remains a fairly subjective rather than a
scientific measurement. Evidence of this is seen in columns E, F and H. This
was further observed in a random selection of 50 National Crash Severity
Study cases (see Appendix C of Reference 6 for selection details). The
investigator coded force directions were found to have been edited and
changed by the Quality Control contractor in approximately 30 percent of the
cases. This observation is not intended to be critical of a host of careful
investigators but rather suggests caution in coupling such a sensitive
parameter as the correction factor with such a difficult measurement as force
direction. Further reason for uncoupling the two parameters will be shown in
discussing the results in column L.

Column G is not very pertinent to this topic except to illustrate that delta-V
reconstructions are sometimes "“enhanced" by entering force directions outside
of the clock increment of force coded by the investigator.

Column L shows the various correction factors which are necessary to make
the CRASH II computed energy agree with the measured change in kinetic
energy. The values of column L are plotted as a function of the measured
force direction in Figure 12. The present model coi‘rection function is shown
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on the same graph. There is judged to be little observable correlation between

the correction factor and the force direction.

Closer examination of column L shows that only three tests indicated
cor.rection' factors higher than 2.0. Two of the three tests were conducted by
impacting a Ford Torino in the front axle with a Honda Civic. What is
suggested is that the stiffness values of the model are inadequate for the
Honda-to-Torino collision configuration, perhaps because of striking the front

axle (a hard spot).

The question arises as to whether this only occurs when hard spots (the front
axle) are struck. These tests alone are probably not sufficient to answer the
question. Two tests were conducted at 90 degrees with Chevrolet Chevelles
impacted in the front axle by Chevrolet Chevelles and are related to this
question. These tests are identified as numbers 5 and 8 on Table 22. Test 5
had impact speeds of 20.8 mph for each vehicle and test 8 had impact speeds
of 25.6 and 26.5 mph respectively. The lower speed test resulted in essentially
no damage to the striking vehicle and required a correction factor of 2.5 to
make the energies balance. The higher speed test (only 4 or 5 mph higher)
resulted in 13 inches crush to the striking vehicle and had a correction factor
of 1.25. Thus, all other factors being equal, the correction factor for the
Chevelle tests seems related to speed - perhaps indicating that the stiffness
problem is more that of the front of the Chevelle rather than the hard spot
around the axle on the side of the vehicle.

Excepting test nos. 5 through 7, which required high correction factors that do
not appear to correlate with force angle, the average corrections factor shown
on Table 22 is .93 with a standard deviation of .2l. This suggests that for
many crash configurations, a correction factor of | would provide fairly good
results. This is consistent with the isotrophic behavior assumption suggested
earlier.

Discussion, Conclusions and Recommendations Regarding the Energy

Correction Factor

In the eleven laboratory tests examined, the investigator coded force direction

was not always consistent with the relative velacity angle nor with the
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instrumentation derived force direction. At the same time, the laboratory
derived correction factors did not seem to be related to the investigator force
direction, relative velocity direction or the instrumentation derived force
direction. For eight of the eleven tests, the average correction factor was
.93. The very fact that the laboratory correction factor averaged less than 1.0
for these eight tests suggests that the side stiffness values of the model may
be too high for most crash configurations., In four tests, higher correction
factors were derived, but it was suggested that this may be due to the stiff
front axle area struck or to the vehicle stiffness characteristics in general.

The higher correction factors do not appear to correlate with force angle.

In the bulk of the tests, intervehicular slipping does appear to be limiting the
longitudinal forces applied and energy dissipated. This suggests that a
correction factor of | would be appropriate in many cases. This may
ultimately lead to the model being reformulated to reflect the proper amount
of intervehicular friction. The SRL analysis is the basis for the following
conclusions:

‘ the side stiffness values of the model are too high for mast of the vehicles
of Table 22

the laboratory derived energy correction factors are not necessarily

related to force directions on the vehicle
the energy correction factor is usually around a value of .93.
Based upon these conclusions, the following recommendations are offered:

Implement an intermediate fix to the CRASH II model to alleviate

correction factor inaccuracies. Alternative fixes might be:

1) Remove the present function and use the model without a correction

factor.

or
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2)  Retain the present function, but limit the maximum value of the
correction factor to 2.0. ‘

Initiate side impact tests both to further refine the stiffness values of
axle and compartment areas, and to.verify correction factor findings.
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CONCLUSIONS AND RE COMME NDATIONS

From this study, the following has been concluded:

*  The fl;ont and rear passenger car stiffness values were judged to be quite
reliable based upon the quantity and quality of the data available. F ront
stiffness parameters were derived from averaging the old values with the
new. The rear stiffness values were noticeably different from the old
values, which were based upon very little actual data. The earlier values
were replaced by the new values. Due to the fact that side impact test
data were lacking in quantity and were of somewhat questionable quality,
it was judged that the old side stiffness values should be retained until

more or better data became available.

* For the present level of sophistication of data collection, the linear force
vs. deflection assumption of the CRASH Il model is adequate.

*  The present model assumptions and related formulation are not adequate
for oblique force collisions. It is recommended that a study should be
initiated to obtain data for a better representation. A temporary fix was

proposed to reduce errors in the interim.

* It is recommended that side impact tests to refine the stiffness values and

further verify correction factor finding be initiated.
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APPENDIX A

Relationship Between Crush, Stiffness and
Delta-v in the CRASH and CRUSH maodels



APPENDIX

ANALYTICAL BASIS OF THE CRUSH PROGRAM

The following hasic relationship is assumed to exist between absorbed

cnergy and residual damage (sec damage dimension format in Figure 1-1).
i = Ax + B3 + GL inch 1bs (n

. . . 2 -
Plan view direct-contact damage areca, in“ (a uniform

vhere oo =
vertical damage profile is assumed)
B = First moment of the plan view direct-contact damage
arca about the line defining the original (undeformed)
. .3
surface, in
I. = Length of direct contact damage area, inches
A = Ib/in
.2 Fitted cmpirical
3 =
! Ib/in cocfficients
G = 1b :

Equation (1) corresponds to a linear rclationship between crush

resistance per unit width and residual deformation.
F = A+ BC Ibs/inch (2)

The relationship defined by equation (2) is depicted in Figure 1-2..
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The enérgy absorbed by the vehicle crush may be obtained by double

integration of equation (2).

. ,C ’ : . |
E = // (A + Bc) dec d2 ‘ (3)

o (o}

where C- Residual crush, inches

-
n

Length of direct contact damage area, inches

Integration of (3) yields

¢’ } ~
E = (AC + B >+ G) d2 (43
o :

where G = Constant of integration

If the lincar slope, B, is assumed to exist in the non-damage range
of applicd force, the constant of integration, G, is equal to the work. done in
rcaching force value A. Thus, an elastic deflection equal to A/B and involving -
an encrgy absorption of AZ/ZB per unit width will exist at C = 0. Therefore,

G = A%/28.

Integration of equation (4) yields

l' ‘
2 2 -
. ~ c A |

ZR-5954-V-1
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l

Since « , = J/r ofF

(3]

. ' 2
and = g— de,
. 2
equation [5) may be expressed
2 _
E = Aa+ BB + & 1, (6)
) - 2B

Frontal [mpacts

For the casc of symmetrical, full-frontal impacts, equation‘(S)

heconmes

2 .
. (LY .2 AL .

Equating the absorbed energy. to the dissipated kinetic energy of the

subject vehicle (sece Reference 12 for a discussion of energy relationships),

1 2 . : - .
M (8V)7 = E , (8)

2. .
> (L) 2 2AL ) AL ,

Lquation (9) may bec restated

AV = \ N (C + B ) (10

Therefore, in this special case (i.e., symmetrical, full-frontal)
the impact speed chgnge (4V) is a linear function of the residual crush (C)

and has an intercept at A [ . The relationship is depicted in Figure 1-3.

N B
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AV
Specd
Change
(inches/sec)

Figurc.l-i

Residual Crush, Inches

SPEED CHANGE VS. RESIDUAL CRUSH IN
FULL FRONTAL SYMMETRICAL IMPACTS

-A-7-
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Campbell (Reterence 4) has used the symbols b0 énd b1 for the

intercept and slope of Figure 1-3, and he has presented.some representative

[t is'of intcrest to relate his variables to A, B and G.

I [. . ' :
ho = A ‘E:\TS— inches/sec . (1)
BL . .
b, = — in/sec/in (12)
i MS ' e

. ' 2,.
where M, = Standard test mass, 1b sec™/in.

values. |

Solution of (11} and (12) for A and B yield

. bob M, ‘ o : ,
A = -T-i 1b/inch : ' (13)
b. M
) ) -
B = 'll s lb/in' . (]._‘)
2
2 b “M Lo .

S | L (I z
C = 55 = =20 b o . (15)

Application of equations (13), (14) and (15) to the frontal barricr
test data presented by Campbell (Reference 4) yields the results presented in

Table 1-1.

. Side Impacts

In the case of side impacts, determination of the cenergy absorption
by vechicle crush is somewhat more complicated. First, the "effective mass"”
at the point where a common velocity is reached must be determined from the
impact contiguration and the inertial properties of the two colliding bodies.
wote that the present version of CRASH includes the assumption that the common

velocity s reached at the centroid of the damaged area (Reference 13).

ZR-5954-V-1



-6-V-

1-A-¥S6S-YZ

71-72 Std. Full Size

93-74 Std. Full Size

73-74 Intermediate
71-74 Compact
71-74 Subcompact

Table 1-1

Frontal Barrier Test Data
(Based on Reference 4)

Std: b
wet. Width 0
(Lbs) (In) - MPH
4500 79.2 6.85
4500  79.2 7.5
4000 76.8 7.5
3400 71.4 3.0
2500  62.2 3.0

b A B G
MPH/In  Lb/Inch  Ib/In” Lb.
0.88 274.6 '35.27 1068.6
0.90 307.5 36.89 1281.1
0.90 281.8 33.82 1174.3
1.35 154.6 69.57 171.78
1.35 130.5 58.72 144-94



Next, energy absorption produccd by a tangential component of the collision
force must be subtracted from the totdl, since the fitted cmpirical crush
Lhdldecrrsth\ apply only to the intervehicle force component perpcndlcular
to the involved side or end (Reference 14). ’

| I1f two data scts (El’ ) Bl’ Ll; EZ’ s BZ' Lz) are availabfc.
cquation (6) can be solved for B.

A(Lyay - L) v Eily - Byl
B a — ) (16)
‘2 1 172
Substitution of (16) in (6), with.(6) containing data set (El, @)
Bl, Ll], yields | | R
—
1 1 1
where
K! = [al(l.ZBl - LIBZ] + Bl (Lla2 - L2a1)] [Llcx2 - Lzal]
L
| ) 2 ‘ , .
KZ = [ul(LJBI - LIBZ) + 261 (Lla2 - L a )] [LILZ Fle]
- B (Lyay - Lymp) (LB - L,8,) A (19)
K3 = fEle - Ele) [BI(EIL2 - Ele) - El(ILZB1 - LIBZ)] (20)
ZR—5954fV-l
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Solution Procedurc of CRUSH Program

, Two tests required for nonzero intercept in force-deflection

plot. For single test, zero-zero intercept will be assumed.

l. TEST 41

Enter size categories for both vehicles.

(Vohiclc #1 - subject vehicle

Vehicle #2 - other vehicle in staged collision
1. Minicar 5. Full size

2. Subcompact 6. Large

3. Compact *7. Rigid

4. Intermediate 8.

Barrier

Enter test weights of Vehicle #1 and Vehicle #2.

2.
3. Enter VDI's of Vehicles #1 and #2,
4. Enter collision speeds of Vehicle #1 and Vehicle #2.

Enter in MPH, convert to in/sec

Speed = 17.6 x MPH in/sec
S. Enter A, B, G for Vehicle #2.
6. "~ Enter directions of principal impact forces, if known more
accurately than VDI clock directions.

7. Enter Jdamage dimensions for Vehicle #1.

Ll. nl. Cll' ClZ' Cl3' ..... C16

ZR-5954-V-1



10.

11.

13.

14,

f ]
tEnter damage dimensions for Vehicle #2.

Lyr Dye Cope Cogr Copgeenee C26

Calculate Yl’ Y2

XF, X RSQ from Table 1-2

R) \si
Sce DAMAGE routine of CRASH

Y YoM, ,
A\*l = m (Vl cos ANG1 + V2 cos ANG2)
11 22
Y,M
11/
Lo Mt YoM, e
2 .
Ez = (1 + tan az) f (A,B,G,C,L)
(Sce DAMAGE routine)
E = IE - E,, E! = E. /(1 + tanza )
1 ’ 2’ 1 1 1
wheve E! = ahsorbed energy of subject vehicle corresponding -

]
to the intervehicle force component perpendicular

to the involved side or end.

Calculatce @ 81, as follows.

ZR-5954-V-1



T-A-9S6S-UZ

M
XF
XR
YS
RSQ

1

(L)

|t

COMPACT

MINICAR  SUBCOMPACT
5.70 7.90 9.18
76.0 83.3 89.8
-83.8 -91.6 -106.4
30.4 33.6 36.3
2006. 2951. 3324,

Table 1-2

4

INTERMEDIATE

10.99

98.8
-114.0

38.5
3741,

El ¢ 7
FULL SIZE  LARGE  RIG
12.59 13.74 10
101.8 104.2 84
-121.9 -125.2  -96
39.9 39.9 39
4040. 4229 402

s



16.

Is this the sccond crash test?

It yes, sct E'12 = E'1
®2 T %
Bla = B
b = 4

and go to (19).

If only one crash test is available for the subject vehicle,

sct E'l.2 = 0
@, = 1]
Bl * 0
Lz = by

and go to (19).

If results of two g;ash tests are available, set E'l
) ) , *11

Bll

L)

Save E') ), a0, By L117 clear the rest and proceed.

TEST #2, Return to (1).

~B-5-

= t
1 ¢ E

= (11

= Bl

= L]
ZR-5954-V-1



= loy a8y oLy 80+ B (L e -l 5ay )] [L)1%12%]
Mo L B )2
+ -
= (L1281 178y 0)
= a2 -L 2 -
Loy Oy pfyy =k Bra) + 28, (L 11%127 k2% )] [y Ly o-FY 121‘11I
_ '
B (b pmbya0yy) (LpaByy-b 1 6)))
= 0 o _ 3}
T 1°"11’ (8 (BTl Bt plyy) = BNy (L o8 =Ly 850 ]
.\ 2
K K 4K
2 1 ( 2) i, .
- m—— —_— —_— 1b/in .
2 2 ¢
2K, 2 K, K]
- ] _-r/
AL %y lyaey) ¢ E 11"17 Elaln Ib/in?
L B = ) in
(L1281~ LiiBy2 '
k
38 1P

2ZR-5954-Vv-1



_B_T_.

@ = ﬁamugc area, in
. 3

Bl = 1st moment of damage area, 1in

Ll = Length of indentation, inches

0 Points
L1 _

o T T (c, + 2C2 + 2C3 +2C, + 2CS + Co]
L )

_ 2 2 2 2 2 2
Bi = 35 (Cl + 2C2 + ZCS + 2C4 + 2CS + C6
+ €8y + CC5 + G50y + €00 + G

4 Points

L1
= - 2
) 5 (€ * 2, + W+ CY
.B = El (C Z ., 2C 2. 2C 2, C z., c.C +.C c, +C.C)
1 ~ 18 1 =2 3 4 172 273 374

g_Points
Ll

o = 5 (6 +Cy) )
I 2 2

By = 5 (€ +C GG

“R-5954-V-1
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Cx -

C RUSH SUBPROGRAM i

s
Y ol U — e — e e e . : S O SV SUOUPE -
C= e
Ce PURPJISE: REaA® CASE FROM STAGED COLLISION DATA BANK
L% - USIMNG SUBSET FRQM DAMAGE ROUTINZ. FROM CRASH2, -OZT ZRMINE .2 ..
C= _THME ENERSY,. ALPHay BETADAMAGE WIDTH,SIZE AND IMPACT @
C . CIONFIGURATION %
. e C. - e e+ & s amun - —_—— VUL SV U U + J,
Cs PROCEud&E- EVTEQ VEﬂICLE SIZES. WEIGHTS s VEHICLE DAVAGE IND!CCSv %
Cs COLLISICN SPEZEDSs DIRECTIONS OF PRIMCIPAL IMPACT FORCESy%
8% — e e = DAMAGE MZASUREMENTS. AND CONSTANTS . Ay B¢ ., AND G_FOR % ..
C= VEHICLE # 2+ (VEAHICLE #2 IS ALWAYS A KNOWN QUANTITY) 2
& ~ USING SECTIONS OF CRASH2 DAMAGE SUBROUTINMEs. CALCULATE W
C s - THZ DISSIPATED. ENSRGY.OF. VEAICLE .. 2. AND THE CONSTANTS _=.__ ..
C= IOENTIFYING THE EFFECTIVE MASS AT THE CENTROIDS GAM{ 1) = .
C:= AND GAM(2). THE SPEED CHANGE FQOR VEHICLE & 1 IS FOUMND %=
o e _...ANDC THZ SUM.QF..THZ OISSIPATED ENERGIESe .FINALLY. s THE _. __. 2 __
C= DI1SSIPATED ENERGY FOR VEHAICLE # 1 IS CALCULATED AND THE =
C:= DAMAGS AREZA AND FIRST MOMENT IS FOUND. THUSy FOR THEZ %
L« e —FIRST CRASH TEST, _.THE.DISSIPATED _ENERGY.s_  DAMAGE_AREA, % __ .
Cx FIRST MOMENT OF THAT AREA. AND THE WIDTH OF THE AREA %

C= IS CALCULATZ0 AND RETAINED. (ENERGY L9 ALPHAL,BZTAL,L 11 ) %
o S e e e e et i e s e e n o b _
C= - x
c= *

Cu o et v e e e = — ——

Cx VARIABLES: TITLE(30)-—=~—- USER SUPPLIED TITLE . =
Cx SMARK == == ===~ —- QUESTION MARK /*? v/ %

C=- weeeee BSPACE==——=-—---- BACKSPACE /'5...%/ - ¥
C BLANK == =——— = === SPACE CHARACTER /' v/ 2
Ca JVI IV —-— == VEHICLZ TYPES =
o€ e TYP (2 ) ==~ === == _VEHICLE TYPES i 2 e
C= [CODE----—=---- RETURN CODE * i
C:: H2)mmmmm VEHICLE WEIGHTS %
Y Fop s — L VY 2 RS B e -WEIGHT ENTRY FLAGS . - e R
o FMASS 1« FMASS2~-- VEHICLE MASSES - ‘ Ee
C# FIZlyFl22--=-=--~- VEHICLT INERTIAS ‘ o
Qi e — e JYDil2y )= WEHICLE DAMAGE INDEX oo s oo e 0 o
C= LYD!(?)~-===——== VEHICLE DAMAGE INDEX %
Cu VI V2 =mmmmmmm == IMPACT VELOCITIES ) *
c—-Cu —- ANGI2) e e ~-DIRECTION OF PRINCIPAL IMPACT FORCE - —% —moo-
C= JASET(2V-===——— AMG ENTRY FLAG ] .
C: (843 )m-m—---=~ CRUSH STIFFNESS CONSTANT 2
—C - e - BtBe3)-———mm = CRUSH STIFFNESS CONSTANT — e e e R L
Cx ClB8s3)mwm—mmm CRUSH STIFFNESS CONSTANT =
C LLE2) WL (2)-=-=-~ DAMAGE WIDTH * :
L = JLGET (21 - ==~ WIDTH ENTRY FLAG Ce e — & -
C: CCL2:61sCl2:46)- DEPTH PRUOFILE &
C= JCSET(2)-=-~===~ PROFILE ENTRY FLAG %
— O 02021 +.C(21-—-~-- MIAMTNT ARM .. B i e
Cu JOSETH2)mmmm= -~ MOMENT ARM ENTRY FLAG s
C- XF{B) s AFF-=ne=-- Co-TO-FagNT DISTAMCE 2
C XA {B) s ARR===—=~ ChHh-TO-RZAR DISTANCE . %
Ci YSU8)aY§S-=m--~ Ch-TC-SIDF DISTAKCE
C- RSGIB)-—~—-== -~ RADJIUS NF GYRATICHM W
G ENERGYI2)------ ODISSIPATZD ENZRGY - = .
Ce JAM(2)=-m—mm - EFFECTIVE MASS ADJUST““NT *
Ce =
e L8 e U Y By, WSROI SIS ) U
C:: B




- ——— - —

COMMON /CRASH/ TITLE(S0 e {21 eLA(24414LL2)4CCL206)4+0D12)+ANGL21

& RH)(2) e XEP (2] 4 YBPU2)4STEERI2,4) 4L (2) L (246),0(2)
B CSTF(244) AKVIZ2) 4ELLS) 4E2(5) yENERGYL 2) v . —-
& XCR1eYCRLyPSIRL ¢ XCR24YCLR2 4PSIRZ

¢ ‘XCLOQYCIOQPSIIOQXCZOOYCZOQPSIZOQ

!

e eedr 0 @ 4o

USLMPH qVSLMPHUSZ2MPHyVS2HMPH,
61 eT1e52+T2153+3T345644T649554T54562Tb0

MU U2 e CMU+ OMINL QM IN2
AlvAZvBerZvTRlvTQZvFIZlQFIZZvFMASSlQFMASSZv

e . U XClleYCLLePSILLeXCl24YCLl2+PSIL2 e et ot o ——— e -
. ) XC212YC219eXC224YC220
. CELVR1+DELVR2,DELVX Lo DELVX2+DELVYLsDELVY 2y

—— _— e e ULOYPH VIOMPHU20MPH«V2OMPH e . i et

e _XC3PLE G YCSPLF.eXCSP2FE4YCSP2FE4PSISDL.ePSISD2y oo

XFl o XF2 s XR1 9 XR24YS.1 ¢¥YS2eXFByXRBsYSBo

JSSETIEi'JSKID(ZIvJTYD(2)oJVDI(2.7io
IFLAGI2)9JINDU2) ¢ JWSETI2) o JLSETI2) ¢ JCSETI2)

JOSET{2).4JASETI2) ¢ JRSETI2).4JCURVL2) +TRI(2).s.
JERR(2) + NRUNSI2) ’
JRSET 4INDyIDAMJSPINGJTRAJWMENULISTOP

@b

DIMENS ION -OEFL|2’OGA-“HZ)9A(2)|B(2.|QG‘Z’. ———
DIMZNSIAN  LINME(89)
DINENS [OY H(Z]!KK(Z"XTABLE(lOOZ,'LVDI(7)'VALUE‘12)

D[MENSIDN'XF(a)vXR(B)QYS‘3’0M&SSL3’1RSQ(S’QDAI(3),031(3’401Rl[5)4..

1 NGT(B)!NSASE(B)’TUTLENIB,9TOTWID(S)'DCSTFlZ'S)iDAKV(a)
DIMENSION AAAA({3,3), BB38(8,3)s GGGGLB.3)
REAL LwelolLeMJeU2 1 KKyMASS... -
REAL Llsl2eXleK24K3 .
REaL LENGTH
—_— INTZGER T ITL 2 AZAPL+BZAPL¢BZAPHyAZAPH -
C .
. € LOAD UP THE TASLES
C '" e oo e . —_ -
c
- .C LJAD UP THE TasLiS
e o e e e s ee e e e e . -
DaTa k&AA/ﬂspﬁ|94.891154.6!233-70307.5!307.59000'0c0’
1 77.ZnlQOo“v173¢31143.0o176.5,176.5v0-000-0' '
-.-_—--...-—-.-.———..2.- - -...-.65. '?\‘3! Dso 93' 780‘8' 3505['?3- 28' 93028!0-0'0.0/.. - e -
DATA 5363/56-0y7l.ll-69o57.49o9.36.89,36.89'0-0,000' -
1 3‘)‘ 7,60-7'57.1'500‘0"1'7.1"0701!0.000001
- - 2 e 1302013020150 5441 74114186506 18666 10609060/ i e e
Oara 653{1/57-0'630 31.[71.7‘1.5"7.3.1251.1'IZBL.Io0.0g0.0'
l 31.30147.8'253.21202.7|330.8|3300500-0v0000
—— e tem e L2 o e . L84 GTTeL04 e 97419544542 13-78.0233-2[923302['0-0!000/ e e s ———— o
DaTa [TasLi/*d v, 1} u; *2 t, 13 v, 4 1, 5 LI
o A ¢, 07 ', '§ ', 9 ',
. O0e10243¢645e697+34¢9/ L e e R - B T
OATa dLANe/? /s IMAAK/*? /. BSPACZ/' 3 ‘/ '
Data JCHARFR/'F '/ JCHARB/ 'S /o JCHARD/ D )
- - 5 JortaRP/ ' P /e JCHAR2/'Z . %/ JCHARY/ 'Y /. U
Jinaag/'c /e JCHARR/ 'R /e JCHARL/'L '/
& JOAIN/ Y v/
SAala JILWKY/ v/
C .
- C [Dlilanids v3-41ZLE PARAMETIR TABLES
C e m

CATA X7/7547+ 33e3s 8948y 285.8+ 101e2¢ 1042+ B4ed+ 5040/

0aATA XK?/=33e G 1leby =105eb4s =114e0e “121eSy =125e2 -96.0¢ -50./
JATA ¥YS/ 3266 3dede 16e3¢ 3359 39.9¢ 377 39.0+ 50.0/ P

Cate 458.5/547, Tede 412, 13,39, 12.59. 13,74, 10.35¢ 1000020,/

. - . 5y
S IR I AR S T

L Are .. ATul., anenl. ©277., 4029..10000C7.7 TC73°



Dala
Darla

——rm e — JATA

Carta
-———04aTa
CaTa

Darla

——— e ] - e

2

CA Ta

DA TA

;)»\1/‘05." "bo)' 5103! 5“.70 5801' 60.1' 5"0' 5000/
031/‘180" '30010 5505' 5902' 63.00 6‘3.19 66.0! 5000/
Drkl/f)lol' S59ebe 58¢99 H1le8s 6367 63e5¢ 6060y 50.0/- o . ..
AGT/2202¢ ¢ 3053ey 354T74s 424Tey 4865¢y 5309.+ 4000, +1000000./
wBASE/73e 0y V5ety 105e8¢ 11309y 1211y 125e2+ 120.4 S50.0/
TOTLEN/1959¢9y 1749y 198,29 21289 22374 227+49 209424 -504/
TOTAIOD/60¢8s 6Tely T2e6¢ TTe0y 7989 7984 T8¢ 500/
3CSTFA/-53T4es =5039e¢ =7500e¢y =5931ley =8714ey -80554,
“lC&34es - —F641ler Fl196409-91103309_213051o0»f12049.04n_m_mu"w
-1000000.+ -1000000e, -1000009%. ¢+ -1000000./
JAKV/ 59 ¢ 59e9 TOes S5ler S6er Sbee Sbee 556./

—— 4 b e ime  wemme s e me s -—— - — - —— = e e e ——— e s s S — oo

-—=-C

(g NaNa

c
C

SST THZ COLLISICN CJIUMTZR TO 22RO

100 -NCRASH -2 -0 <mmmm - —m s e e

INITIALIZE SO™E DATA

- e wmm wcvem—— . = - ——— -— -

oP=N

(UN[T=ivHAME='SY:CRUSHI.DAT')

WRITE(1+300) .
300 -FORMAT{*%-DATA .ONEi*e/ " -I-NPUT -E--ALPHA -BETA.-L-i-*-9/.e *—CARDS; *-)-- -
4CJ A(1l)

B(1)

S—— Y i W

AL 2)
B(2)

Ga(y) .
S —— ]2 ) B R ¢ I O B

0.9

I
1
!
]
|
|
i

S
N H
NN dNeNeldNe

CcCoOuLwocC

J = 1.2
l1.G

Led

= Ued

e LLIJ Y 22060 - s e : . —

e im—— oo -
ClJsK) = 0O

oty
oty

ccuy

= QeJ
) = 0.9

b l\: ..K = l Y- e et wm e e ————— b+ . —— — o =0 o oo - e oo -

«Q
+X) = 0.0 -

e 610 CONTINUE e i e cim = et e e - ———-
23 CON

1
.

vh o

e NN NN Wa Wl Wale

5G1

t1is LPIT SuBSZCTINY 1103

InNyz

.
fem e e . ve— ———————- ts e —- - —— e — S i—————t S0t e 0L p———— i

FORMAT 15T ; . . ce e e e e

we lr

It54332)

§92 FIIAAT ()T ITLE?")
RE&I o didi N7
513 20

IF

5¢) Jzlew)
(L! i=0Jd) "z e JALNXKI 50 19 550

523 CaNT e A o - .
GO TO 257) SRR R -l Lo

e

JLJAD TITLE INTO TITLE ARRAY o oo Gmlpm o mon ot inos oo s s o

A

ENEN

I A



S TITLZOSY = LInNzed)
550 CONTINUE
e e NCRASH -3 NCRASH ¢ b o o i s o e e

SXTRALT  THE VEH[CLE TYPES
WRITEL5,4502)
e B0 FCRMAT (IS ILE CATEGORY VEHICLE NDe. 128 i il e
REAJUIS 3L ILINE '

(aNalaXa)

C
e 610.CALL -READ2(LINE«RZSULT+1s4+JCODEY ... —_— ———- -

JTYP(L) = IFIX(REISULT)
. . ARITE(5+602)
— 502 .E2RMAT(20SIZE CATEGORY. .VEHICLE ND.._22')._

RZAD (54501 LINE
CALL READ2(LINEREZSULT41+4,JC0ODE)
JIYPU(2) = IFIX{RESULT) ... —_

c
C EXTRACT THE WEIGHTS

C. SO U

WRITE(S54+521)
621 FIORMAT (*IANEIGHT COF VEAICLE NO. 1?2'1
READUI345DLILING L e e e .- .
62C CALL READ2ILINESRZ SULT!I!:’HJCODEJ ’
IF ‘JCOD" oCuo 0} GO TO 624
e B22 WL L) = RISULT . —_

FitASSL = Alll/386e0 .
FIzl = (l\MSS(JTYPILH RS JTYPLL) I FMASSL) /MASSUIUTYPULY)

JaSETUL) - =1 - i e e . .
Go 13 530
624 W11 = AGTLJYTYPL1))
e e 2L -2 MASSLITYR2 (L 1) =RSQUITYO (L) s : —

FHASSL = MASSIJTYP(L))
. JASET(1) = 0O
o530 ARITE(SeH3L)  cm moee s e e S
631 FIRAAT('OWELSHT OF VEHICLE ND. 22%)
RZ4J(5,531L14E

e e CALL READ2ILINE WRESULT1¢3,.4C0ODEY o e e ¢ e e e e e e 1 e e et
IF {JCJDZ «E3. 0 GO TO 634 -
632 W(2) = RESULT
o e e e FMASS2 2 AL21/73830b06 L e e e e e e e e n

FIZ2 = ((MASSIJTIYP(2))% RS)(JTY°‘2|7) FAASS2) /MASSLITYPIZ2))
JeSST(2) = 1
e 63 TD 533 et . et e
534 WL2) = olur(J'Y“?),
FI122 = MAS5S50J1YPt 2V =RSOCITYRI2))
FHASOZS = Masotgjlypic)d . e e e e e e e
JnSt T2 = U .

C EXTRasTl Thz VCI'S . .. - o -

e ) aniTZlDen%])

861 FJ AT {*2vIniIlLz DAMAGE INOICzZ NR. 12')
x"“)()o))lll.'cf
Te new s=leT
JvLltieal = LINELS) .. y e e - . C e

644 C2NTINUS
wWRITZIG,562) : : ' ' Coe
- L2 FORVATICIVEICLE DAMAGT INDICE NOe 2?2%) e e e ————— e
’ cEAT (5«32 TLE -C-5-



JVDLItZyad=LINELY)
buo CONTINUE
el e e - - o e et e —————— i e i + =

C EXTRALT TH~ SPEEDS
'

 me cm s e w-lIT'-(S.OwQ) . . . P e e e e e e e s
64?7 FJQ\AT('OI“P“LT SPEZ 0 VEHICLE ND- 1?2, ZMPHI| )
REAJD 345210 [N
- - 630 -CALL RE&QZ(L!NEvVlvlOBOJCOOEJw—um—u~u~~—~«~n-~~ S S O
WRITE(S,651] ’
651 FORMAT(*O[“PACT SPEED VEHICLE MNO.27?» ZMPHLT")
o READIS 501 )L IRE s oo oo ememen oo e+ it s < o i+ i o s e
655 CALL READI2(LINEIV2 el «8¢JCODE)
VI = vi1zlT.%
e =22 N 28 LT e — - - — _——— e e e = .. -
c T
o SXTRACT THZ DIRZCTIJONS OF PRINCIPAL FORCE
C

— o P - e imame o ovm—n s m———— v ™ —— s maw § e e e b o = e e .o ——

WRITZ(5+659)

659 FOR4AT (*JDIRZCTION OF PRINCIPAL FORCE FOR VEHICLZ NO. 12°%)
e READ (3451 ILINE - ———
650 CALL RREAD2ILIMERE SULT'quvJCODE)

IF (JCODZ .ZG. O0) GJ TN 565

e b4 -ANGL L) = RESULT - — e = e e z - e e —
JASETUL)Y = 1
GJ 10 619 .
665 -JASETILLY =-0-- -

603 FCQ4ATI"OI%CCTION 9F PRINCIPAL FDRCE FOR VEHICLE NO. 2?')

671N WRITZ(S4559)

READIS3¢5DLILINE - —mmr e — e e — - —
CALL RZAD2(LIMNEZ,REISULT1+8+JC0ODE) '

IF (JCODE .E:- 0) GO TO 676

e =76 -ANGI2) = RESULT .. - -
JASET(ZD = 1 -
G3 TC 7G2
e BT6 JASETU2) 2 O mee s ccmom oo e e e . e e
700 COMNTIUS
C -
€. . EXTRACT_THS DA™MASE WAlOTH FOR VI ) e e e
C
WRITZEL5:707)
_7u% F3RMAT{SUAMAGE WIDIH FOR VEHICLE NOe 120 ) oo i i o
: PSAI1S 9952101 HE
710 CALL PEAOZ(LI?.E.REESULToloJ'JCODE) -
o TULRE  HJCoDI WtEe 01 GO TOLTEA e i mmms memnenn S
712 JuLSeTily = 9
GI T 129
Tl JLSETELY = .. R i e
LL(l ) = RLSULT
720 €GNl {NUE
Y . . L - e - — . .
C EXTKALT T-Z 2amMans DEPTA PRIFILE FOR VI
C
. AR ITZU54T15) e )
Tis FJowal (#)%G4LE? NF DAMASE DEPTH PRAFILES FOR VEHICLE NODe 12%
1 /e “JST 35 29 e TR 5.')
RZaulae:14C30: . ) N . .
AR ITZ(S5e215) ' T pa
715 FoR4AT (*25AMAGE DEPTH PRAOFILE FOR VEHICLE NO. 1?2Y) : ;
- .- RZIA3154=0(CCL LT LO=14JC ONZ) o dermm e o i —— -
2% JCSS TNy = Jn OBk —-C-6- '



C MICPOINT OFFESET FOR V1
c

e e = - WRIT E

SXTRAZY THE Da'AGE

21547261

725 FOQ"A?('OOANAGE “IP?OI“T DFFSET FOR VEHICLE NO. l")

READ (5,501 IL INE’
o130 -CALL-READ2 (LINEGRESULT 4103 ¢JCODED e
If  (JCIDE .NE. O) GO TO 734
732 JOSETEL) = O
GC -TJ 800 ——--
7364 JOSETIL) = 1
DD(1) = RESULT

-
-

cr—— - meem—e @

Cm e —— - —— - —————— V> @

809 -CONTIRUE —

c .
c EXTRACT THE DAMAGE w~IDTH FIR V2
hr

. —— s — —

—— —

WRITE(S,803)
808 FURMAT('ODAMAGE WIDTH FOR VEHICLEZ
—~READAS4501)LINC .

NO. 2?%)

810 CALL READZ(LINE'Q SULTol'S JCODE)
IF (JCO oz 0) GO TO 814
312_JLSEIJZJm5_D<““m_

GO 10 820
8la JLSZT(2) l
—_—LlL(2) .= RecSULT._

823 CONTINUE
c
e Lo EXTRAZT._THAE _DAMAGE _PROEILE_EDR.VZ

C
WRITZ1543815%
B815. . FORMAAT{SONUMCER OF .D AMAGE ..
19/+* MUST BZ 24 4y OR 6.1)
READ (5 4)JCGDE
HWRITE(S.819)

0EPTH.PROFI LES._FOR.VEHICLE NO..22% . _

DzPTH PROFILEZ FOQ V—HICL~ NO.
LO=1+JC0DE)

313 FJAAT (*IDAMASE
. REASIS ¢ ) ICCUL24LC) s
_——324% JCSeT12) = JCIDE.

2?2')

C
C EXTRACT THE DAMAGE MIOPOINT OFFSET FOR V2

_L e

Nﬁlr-(S'QZUI
821
LREAJ(5 4331 ILINE

FORAT (*2DAMASE MIDPOINT OFFSET FOR VEHICLE NO. 2?')

330

v oeme - ——— ——

caLL R-AOZ(L"’.R-SuLT'IvB JCoo:)
[ (JCUOE oME. 0) GO T3 834
Joscree) C e e :

-—-832

GO T2 239
JISETL2)
b2y

813«

= 1
RESULT

Tmatres IT

2 Xala

ER D RN 8 P

Solv FIR Gatlle Garte2), AND ENERSY (2D

Yy O

193¢0
13ta
1915

l=l.2

(J-’-S;T!-Z) eE ce 1)
13¢9) JPL 14190
CIvol(lel) oSQe ITAILECIPLOLYY
GJJ“[(!-~ z ITA3LZ(JPLeL)

-
ez we

- IS
i .- do

ir 52 TC 172¢
2
IF
IF

\7c3 C

-

'l~~n\'l - LO R I B

-

e B aanice = wmaremet e eme o fema o

ITASLE(JIPL2)
ITARLZ(JPLL2)



CANGUTY = FLIATINNY
Gd TO 123
—1929 NN = [FIXUANS(]I)
1323 CanriINnys
J o= Jryp(l) '
e o IF ol d eEde 3) GJd 10
XFF = XF(J),
XIR =.XR(J)
ce— e e Y88 = ¥YS(J) ————

C
C
-—C
c

[aNaNal

REPLACE DII) 4L I T oCtI o) oCUI 42)CUTe3)eAND CHI o4&)

— USER..ENTRIZS.

1730 IF (JDSET(I)) 1935,
1331..001) =221
1935 IF (JLSZT(IN)
1336 L) tLend
1950 . IF . (JCScTLI))
1941 Ct!, 1) CCll, 1
Ctl,2) CCils21
Clle3)=-CCILI+3)
Ctlya) CCtl ey
ClIe CC(I,5)
—=CUl145) CClIeb)

19500

- 1950,

SET UP J (1=FRONT,. 2=SI0

2530 e e e

1935,1931
17340+.1936

1950+.1941

WITH ANY DIRECT

E+ 3=REAR)

e [ F ——{ JYD ([ 4 3)

C

e C=-GET-—a4396 -FOR VZHICLE

c

—————e B 2)

c

SR S

C
C

S =1753 IF

(JV31(1'3)
(JvDI1i,43)

Q.

<

1550 IF
IF 2.

o« JC
JC

V20
IF {JVDOI(L+3) 20

”"
te

A(JTYP(2)44)
BEB3LITYP(214J)
BSOIITYPL2)4d)

1955 at2) = aAa
= -
Gt2y = G

3y
07

olvioe
couaL 10

FORSTaLL any
MEASUREMENTS
- «001
« 001!
«0
«0
«0

~LEAsStSL

feasseetiy)

CEas5SEStTael))
-1F (La50000 420
IF (13500143
ttapstCliean)
(asS(CiTesS))
{2350 tles))

IF
IF

«0
«0

1

JCHARF)
JCHAR®Q)

ZR0O DIAGMOST ICS BY

«001)

J

HARL)
HARB)

——) -

W -

v unn

2

1
col

—-.otn
Lt
Ciet,

) .LT. o.’
) oL Te 0.
1) «LTe 0.
Ol1) .LT. 0.1
511 «LT. 0.)
oLTe 0,
LTe 0.
.L T' 0"

()
ot}

~-Ct142)
ClI+3)
Cllea)
SC(1e%)
ClI+5)

ENZRGY DISSIPATED
JR 6 DJEPTH PROFILES

R

FLRNS CF TH:S

POINTS aRE
SHZPGY CALCULATION

sCselte)

[NDICATES THE

OF JEPTH

AK ING ANY

-« 0001

ZERD DAMAGE .

« 0001
1) « 0001
-=—e0001
«00N1
«0GJ1
« 00901
« 0071

PERM[TTED

ARE NECESSARY.

PROFILE ENTRIES.
D-VALUZ FOR C3INTROIN.

T2y,

[a¥e N alaNaRalal

K=J4lyetl)
JJJ
IF
IF 1JJy
If (GJo
t.. |

-
oeT we
29

|

- -

TZwpa, T 2Mp5,

63 13
GO

G) JJd=4

LA

r -~

1979
R

Fzups ALL ADJUST THE

1950 . ..

15



1950 TEW?1 ALT)=tCtlal)eClTo2Y0 /24

TEMP2 = 5(1)$(C(l'l!*Cllvli*C(Ivl)*C(l-2’°C(I-21$C(Io2)l/b.
e T EMP Y 2 CUlI2)=-ClLel ) o il i e e a— e —
TSMPe = ClLel)eClIe2)
TEMPS = (LUI1/'5e ) ITEMPI/TEMPG)
——eee—TEMP.6 =-(C LI l)’:‘Cf:ol"\:([oll*C(IUZ)"C(I W2)uCila20)/ e e
1 . (3ex(CUI 1)eCtIe2)1))

EMERGY (L) = L1 TEMPL TEMP2 + GH(IN)
e e eBU STD.2000 - - e e e e e
1370 Tz 4Pl Alllﬁ(C(!11)02-*Cll'2)02-$C(113)*C(Iv4’)/2o

TEMP2 = BRI ELC(Te L 1sC I Ta129202C C10205C 1420 ¢2e5CLT4302C143)

e 1o eC T v 15C U Lea ) sC U T 1180 Lo 20 vC LT 22501430 ¢C 410 30CLT o &)/ 60 e
TEMP 3 = ~TeCl e L1=bexClTp2)+6exCl Te3)eTexClIg&)
“TEMPe = ClIel)e2e3CtT¢2)1#245C1T¢31+C1104)
TEAP 52— (LII) /131t TEMPI/TEMPGL)  ———— _ —_ — .
TEMPG = (CUIol)uCllolde2exClI2)2C T 020 ¢2e%CIT03)xCTe3)

C(I'“)*C(114)*C(I'l)$C(I121’C(IvZ)$C(Iv3|‘C(Io3l*C(106!)/
< (3.*(ClIol)*Zo*C(IvZ"Z-*C(Io3l*C(1'4)))__- :
ENERGY (I) = {LUIN/3e)(TEMPL ¢« TEMPZ 3euGUI))
_ GC TO 20090
———1930--TEM?-] =—ALl 1E(CL T g1 ) ¢2eCUT 42002 e%C L] 931 +2euClle0) 22 Cl.L oS
LeCiTl+u3) /20
TZrpP2 = B(I)#(C(lvl)*c(fvl)*Z-*C(I|2T$ClItZl*Z-*C(Iv3’*C(Iv3)
EENp— I DY of B S8 KT o B LU I 2L 1145120 (145)«CH [46)2CUTe6)¢C I ol ¥ClT 02, i
2+C (12 )Clle2)eCtIe3)%uCLTea)eClLre 12C(LeS)1eC{I+S5)1C(I45)) /5
TEM? 3 = '130*C(I'l)‘lB‘*C(I7Z)'6o$C(103)'6-$Cl1u4)*180*C([05)0
—1l U [ WY o I S -3 IR .- -

—.

TzVPy = C(Ivll‘Z.*C(IvZ)‘Zo*C(Io3)‘2-*C(I.6)*2,*C(I'51*C(I96'

TEMPS = (LII)V/30) = TEMP3/TEMPS)

TEmpe =—AC U1 o 11C(Ield)*2e:Cl 1920 2CH] 02) 42 %CL [#3)nCt.T93) ¢2.axClIva ) .—
1 #Cl Jot) ¢2 0CH ItS’*C(IvsI*CIIvbl*C(Ivbi*C(Icl)*C(192)0
2 CtIe23%CLtIe3)eCHTe31:CLIe4 1+C(Toa)=C (I e51eC (I 45)=CLIvb))/
S R -~-(3o*(ClIvl)‘Zo*Cl['2'*2-$CLI'3J*Z¢*Ciloﬁi*l.$C(le)xm_______“_
3 Ctlebl) )

ENERGY (11 = (L(1)/5. )5 (TEMPL + TEMP2 ¢ 5.xG(1))
[ o PRSP PP PR e .

€ Nu 1S TnE INTZGER ESUIVALENT OF THE CLOCKX DIRECTION

C  ANGI2) 15 THE FLOATING-POIMT VERSION OF THE CLOCK DIRZCTION
€ _IF USER.ZWTERZD THE .DIRECTION OF PRIMCIPAL FORCEs.USE_THAL.

C T
2000 O(IY = DUl « TZMHPS

C . .. S U P S

C - CnECK [F IT*S & FRCUT IR REAR COLLISION

C

e 2019 1F A0 oEle 1) . eCRe _.1J .oEC. 3))....60 ¥Y0. 2100 . __.
2323 IF { (N «Z%e 701 «JR ., (8 «EQe 2701) GO TO 2025
G4 1J 2130

32 PCAPEIICULAY SIDE COLLISIONS + H = Do [FORCE POINTS THRU CoGel

[a¥a XA

L2023 Htly = Ot
T€E4p2 =
Go 2 2wl

C .
C Eje %)tW=029pSi )[CULAR SIDE COLLISIONSe H IS CALCULATED AS FOLLODAS:
C

330 Tiwwl = v35 - [gvPb . .

2335 If Cuv2itlied) e=7e JCHARL) 63 1O 20690

2060 T29P2 =z - (39%.-aNot111/57.3

- <o 13 2550 o e e et e e = e -
093 TEwa? = (L5011 =277.0/5T7.3 : ' -C-9-

SAae TS s e Y TEMY Ty e TEMI2Y)



HOD) = SIRTUD(II=n2 o TEUPL=u2)=TEMP]

GU g 2400
2100 IF -- LINN .o€Ce 360) <0Re. (NN <EQe 180)) 60 T3.2100 meo o o e e
GO 19 2120
C ' :
eme—C - FCGR STRAIGHI=-{N FRONT OR REAR IMPACTSs H = ENTFRED MOMENT ARM .. .._. ...
C
2116 HUId = Ot
—eemeeee = TEMF2 = 0.0 mm e e e e e .o e e e e e
G3 TJ 2400
C .
e { ——FOR OFFSET FROMT/REAR.IMPACTS¢-H .IS..CALCULATED.AS FOLLOWS « - e oo
C
2129 IF (J «SC. 1) GO TO 2140
JEMP ] .2_=XRR ..~ _.TEMPG ... - e e
TEMP2 = (AMNG(I1-1804)/57.3 -
GO TO 2150
- 21640_TEMP1 =_XFF .-. TEMP6.. - . . .
1F (NN «GTe 27C) GO TO 2150 . -
TEMP2 = =ANG(I)/5T.3
GO .T0..2150 oo _—
2150 TZMF2 = (350.-ANG(I))/57.3
2160 HUI) = D(I)=CGOSUTEMP2) « TEMPL=SINITEMP2)
—  240).0F A ASS(TEMP2)—eGEe -1e3) .—GO .TD.2402 : —
c —
c CALCULATE CORRECTION FACTOR AND GAMMA
C. e
2601 KK(I) = Lo + TAW(TEMP2)=TANITEMP2) . 3
GO 10 2410
- “R6D2-KKIU][) =.13e7 - i mmimee— s 2 e+ e+ e

2410 ENERGY LT} = ERERGY(IIxKK(])
2605 Ga“tl) = RSJ‘JT?PIIJ)/(RSJ!JTYO(I)! « HED)=H(T))
2300 CONTINUE - - ———- e

C
C CALCULATE DELTA-V FOR VEHRICLE @ 1
C

3009 1&mpl o= lG&HIZ) MASSZ)/( \P(ll«FMASSl + GAM(2) =FMASS2)
T24p2 = VI=CNSCANS(1)2:.C01745) ¢ V2=COSCANG(21:.01745)

e e DELYL = TEMPLUTEMP2uGAMIL ) e oo e e o e e —_ e
c .
C  CALCULATZ THE TOTAL SNERGY DISSAPATIONM
S o e e e e+ @ e e e+ e e e mm———— e oo i
3200 TE=0] = 1e0 » (SA4(1)FMASSL)/(GAM2)=FMASS2) : ~
SUMING = (EMASS1HTIMPLuDELV L=DELVLI/(2.4GAM (1))
—-— e e e = e o mmemm e mme e iee = e 4 e ma e mm i e m e  eet et mn e e e
d CnLLuL*[: THE ENEAGY DISSAPATED 8Y VEHICLE # 2
C .
- 3305 ENZRSYIL) = SUMENG - ENERGY(2) - C .- e -
EnGYL = rNE«GY(l)
ENIAGY (L) = (SHEAGY L) I/KK L)

C .
C CALCYL AN THE DAMAoe AREA AYD FIASYT MOMENT (OF THTE AREA
C

ausd JJJ = JCueToel) -
!f-' ‘JC)""[’ -EC- 3‘ JJJ"*
IF (JJS 2. 2) GU TD 51300
17 10JJ eTae &) GI TO 2920 L e .
IF (Ud) eT3e D) 63 T3 5300 - e - B .

C .

- C. Tad PJIINTS cm e mm et e e e+ - e m——— e m e i ¢ e
¢ -c-10-

N T R S A 2 L IR I

LRSS AN SR AT N BEL SN RS B



.

-

BETAL = (L(ll/n~i$(Cll?ll$C!lvl)*C(l.lJ*Cll-2)~C(l'2)$C(l.2):
GJ3 T3 6400

R S - S, -

C FOUR powrs
C [
—— 6200 ALPHAL = (L1 /0ed 5t ClLo 1) e2euClLlye2)¢2e:ClLle3)eClla)). e e
BETA)L = (LE1)/18e)astC( L, 1" Ctl.ll*2.~C(1'21 C(I-ZIOZ.-Cll-3}$
l . ClLed)eCl L) =ClLlya)eClLol)uClLlel)¢+C010e2)%C(Le3)e
Y. USRS ol SIS 1T off 15 Y23 1 e e e
GO TJ 6400
o
e L ST XPOINTS. e s o e —_— e e e —
C

6300~ ALPH AL

(LEL)/10e)5(CULal ) e2 e C0102)¢2e%C(193)¢2euCILet)e

9001 FORMAT(' *9/////y* t4* ==== INPUT DATA AND CRUSH ROUTINZ RESULTS

1 2e%#CE1e5)+CUlLeb) )i e
BeTal = (L(1)/30. )’(Cllvli»C(ltl)*Zo«C(1'2)~C(l'2)*2. :ClLle3)x

1 Cl193)02eC UL g&) 0L o4)e2eCUlLa5)=CILa5)*C(Lab)=C(1eb6)¢
2 Ctislds C(le’*C‘1!2’»Cl103,*c‘103’ sCl{letd »ClLotdC)loS) e
3 Clls45)uClLeb0)

6400 CONTINUC

C e e —————— ——-

c PRINT THE IWPUT DATA AND THE CRUSH INTZRMEDIATZ RESULTS

C ‘

9000 WRITELS»9001) ATITLE(J)eJ=14401) . —

Bzz='y//e' 'e4041)
C. e e —— o o e - -
N&IT-(Sv?OlO) JTYP(l)vJTYP(Z) .
9CL) FORMATI(® *¢tveHICLE TYPES : *,21I5) ‘
C— S - -

Coeen

WRITZ(5,9020) Wil)eWl2)

G327 FORMAT(® *4*VEHICLE WEIGHTS: *,2F10.2)

S o e

c——C

e - C

- L .

c

C

C

v.'.

-C

ﬁl[f-(5.9030) (JVD'(I,N’-J 1v7)olJVOI(2vW)9M 1-71

9030 FORMAT(" ¢ ,'VEHMICLE DAMAGE INDICES: 'eTAls4Xs74al1)

HPlTE(Jo90401 VlvVZ

G060 FIRMAT(* *o'COLLISION SPZEDS: '+2F 10.2)

— — . —————— Lr smemaeemi o n e e

’I

L=

we T E(Sv?OSO) A(?lvB(Zlo

~
’
9050 FIR™ kT(' e tAL2)4212)0,G12) 'y 3F10.2)

w?lr:(s.?oso) ANGL L) v ANG(2)

90607 FUrMAT (' ¢, '] %LCT ICN OF PRI“C[PAL FORCE: 'y 2F10.2)

9076

W ITE0507330) LU2) s (CL 2911 aN=1056)0D(2)

WRITE(5,7079) Llll»(CCtl.J!'V 1461 400 1)
FORMAT L LRI | DA4A5E DATA: QFB 2.4X'6F10.2.4X.F8.2)

9360 F”\AT!' Ce'VZ DAMAGE DATAI 4 F8,246XeHF 10.2v4XeF3.2)

WRAITEUS.30730 HAMC L) o LAML 2)

INDIY OFoRPATHEY o120 YW2F10.2)

W2ITE0540123) ENERGY(2)

Sl1o) Foavalts ' Z8ERGYI2): 'erF 104 2)

w ! ~l5-°llul JEL V!

LY FORVATL™ *o*DJelLYl: *4FR.2)

WRLTEES4 20 SUENT —C -11-
L] .

T, Y e vy P L - 2



c .
WRITE(S.9130) E£NGYL
i eeF 130 FORMAAT (Y P4 ' ZNEROY (L) 'y F10.2) A e e e
C
WRITE(S,9140) ‘'ALPAHAL,BETAL
c - Gled FORMAT(* ¢, 'alPHAL+3ETAL: "4 2F1262) —- .- . e
8000 CONT INUE :
WRITE(S5,.,3209)
e 3005 FGRMAT(*IDI YUU WANT THIS DAT A -ENT ERED.INTO YCUR ODATA SET'e/ 4 oo .
1'0T) CALZULATE A AND B8 VALUES. [F YES TYPE 1+ IF NO TYPE O°*).
RZADIS o2V GUEST
e [FUGUEST «20.01350-TO 80146 - mee - e s ommre = ¢ e e e 2 = R 1t i £ b s e
«I\'c(1'3010Ic":qu.ALPHAl '3ErAle(l,
8010 FORMAT(' *,4F16.2)
30014 WRITEISeBOLS) o o e e e e s i e — e
8015 FORAAT(*QRUN AGAIN? IF YES TYPC 1y IF NO TYPE OQe'}
RZAD(342)DECIDE
SR—— - Be I - ol o 13 <% T o B B o T 1 TR < 1 o T T — )
GO T2 409 ' , ’ T
8500 COWTINUE
WRITE(S5+8550) . —- -
8552 FORMAT(*IYQU MUST NOW INPUT THE PARAMETZR LIST FOR A AND B
LVALUES « ' ¢/ ¢ 'OTHIS AILL PUT A RANGE AROUND A GUESS VALUE OF
e 2A AND De'e/s'UMAKE SURE TO SELECT A RANGE -THAT WILL.-ENCOMPASS. .
3 THS ACTUAL®e/+'OVALUZ YOU ARZ SZZKING. NOW ENTZR LOW RANG =
4 VALUS OF A, HIGH' /. +*OKANGE VALUE OF A, LOw RANGE VALUE OF B
S5 .HISH RANGE VALJZ'y/+'00F 8.-SEPARATZ_WITH..COMMAS._AND .ENT.ZR..IN
6 [NTEGER FORM,'y/+*DEXAMPLE: FOR A GUESS VALUE OF A=250 AND B=49,
T'e/e'0CHTZR: 2004,300+40,450°%) !
i mmmne —READ{S 9 VAL APL W AZAPHBZAPL W BLAPH - _
WRITE(l +3000)YAZAPLIAZAPH BZAPLB2A4PH
8507 FURMAT (' PRLUC NLIM ' +/ ¢t PARMS A=',J4,* TO *+I4s" BY 10
ool 32V o Ia e T 414y *_BY.. S5 "/t MODEL E=AALPHA+B:BETALAA
2uL/ 12381 3%/ 9" DERJA=ALPHA«ASL/B;'e /s ' DER. 8=RBETA-AA=L/ {2
3838) 36/t QUTPUT DUT=TWO PARMS=AHAT BHAT 'y/»* PROC PRINT )
- o e -—--CLJ.)'( \J cl T"ll et e emee . mesmmere vi et o = m———— = ————t mamats & - on mew am———— i————— . —_——
WRITEL5,43700) '
8799 £3=4AT(*732 SURS TON: LIST CRUSHL «DAT. BZFORE YOU SUBMIT [Te'/
e e ] 9*OLF YU AaNT TQ EDIT .IT.TYPE: EDIT CRUSHL.DAT, IN.ORDER .TO'e/. e -
243405 JATA, CHECK DIR TO MAKE SURE SASeJCL IS PRESENTe's/s'0
ITYP=: J23 SAS CRUSHILDAT 4 PICK UP AMSWZIRS IN RL 2113.°)
— .= .STP .- e e e e e e e e e = et e e it e e
END
SU'(JUYII- RZanN2(L INE % SULT'JSTiuT'J ND,ICQODZ)

ST U . S e e e et ) e e
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APPENDIX D

This appendix contains an individual listing of all
- staged collisions for which delta-v and residual
damage information was examined



MINI - FRONTAL

YEAR ' VEHICLE TEST ' SUPPLIER

1975 Honda Civic CVCC-to DOT-HS-7-01758 DSI
NHTSA Test Device 31.12 mph, frontal

1975 Ford Torino-to- . DOT-HS-5-01099 Calspan
1975 Honda CVCC 29.2 mph, front-to-front

1975 Honda Civic CVCC-to- DOT-HS-01758 DSI
NHTSA Test Device 40.83 mph, frontal

1979 Datsun 210 2dr.-to- DOT~-HS-6-01478 DSI
Fixed Barrier 35.2 mph, frontal

1979 Honda Civic 2dr.-to-  DOT-HS-8-01938 Calspan
Fixed Barrier 34.75 mph, frontal

1979 Chevrolet Chevette-to- DOT-HS-8-01938 Calspan
Fixed Barrier 34.8 mph, frontal

1979 VW Rahbit-to- DOT-HS-8-01938 Calspan
Fixed Barrier 34.8 mph, frontal

1978 Chevrolet Chevette-to- DOT-HS-6-01477 : AETL
Fixed Barrier 29.375 mph, frontal ‘

1978 VW Rabbit-to- DOT-HS-6-01478 DSI
Fized Barrier 29.58 mph, frontal

_D-Z_



SUBCOMPACT - FRONTAL

# Y@AR VEHICLE TEST SUPPLIER

10 1979 Chevrolet Monza-to- DOT-HS~-8-01938 Calspan
Fixed Barrier 35.06 mph, frontal

11 1979 Toyota Celica Liftbk DOT-HS-8-01938 Calspan
to-Fixed Barrier 34.8 mph, frontal

12 1979 Mercuryv Bobcat-to-~ DOT-HS-6-01478 DSI

. Fixed Barrier 35.05 mph, frontal

13 1978 AMC Gremlin-to- DOT-HS-6-01477 AETL

Fixed Barrier 29.72 mph, frontal
. 14 1978 Mazda RX-4-to- DOT-HS-6-01478 DSI

Fixed Barrier 30.04 mph, frontal

15 1978 Dodge Challenger-to- DOT-HS-6-~01477 DSI
Fixed Barrier 29.285 mph, frontal

16 1978 Dodae Omni 4dr-to- DOT-HS-6-01477 AETL
Fixed Barrier 29.77 mph, frontal

17 1979 Plvmouth Horizon-to- DOT-HS-6-01478 . DSI
Fixed Barrier 34.86 mph, frontal

18 1979 Ford Fiesta-to- NHTSA 790547 M.S.E.C.*
Fixed Barrier 34.94 mph, frontal

19 1979 Tovota Corolla-to- NHTSA 790549 M.S.E.C.
Fixed Barrier 34.95 mph, frontal

20 1979 ° Saab 900GL-to- NHTSA 790548 M.S.E.C.
Fixed Barrier 29.28 mph, frontal

21 1977 Pontiac Sunbird-to- DOT-HS-6-01478 DSI

Fixed Barrier

29.52 mph, frontal

*Mobility Systems EQuipment Company



COMPACT - FRONTAL

# YgAR VEHICLE TEST SUPPLIER

22 1980 AMC Concord-to- DOT-HS-8-01938 Calspan
Fixed Barrier 34.7 mph, frontal

23 1978 AMC Concord-to- DOT-HS-6~01477 AETL
Fixed Barrier 29.67 mph, frontal

24 1978 Peugeot 604SL-to- DOT-HS-6-01477 AETL
Fixed Barrier 29.4 mph, frontal

25 1979 Chevrolet Malibu-to- DOT-HS~-8-01938 Calspan
Fixed Barrier 35.4 mph, frontal

26 1978 Mercurv Monarch-to- DOT~HS-6-01477 AETL
Fixed Barrier 29.03 mph, frontal

27 1978 Mercury Zephyr-to- DOT-HS-6-01477 AETL
Fixed Barrier 29.67 mph, frontal

28 1979 Ford Fairmont-to- DOT-HS~-8-01938 Calspan
Fixed Barrier 35.4 mph, frontal

29 1979 Ford Granada-to- DOT-HS-8-01938 Calspan
Fixed Barrier 34.6 mph, frontal :

30 1979 Ford Granada-to- DOT-HS-8-01938 Calspan
Fixed Barrier 34.57 mph, frontal

31 1979 Pontiac Firebird-to- DOT-HS-6-01478 DSI
Fixed Barrier 35.24 mph, frontal

32 1978 Toyota Cressida-to- DOT-HS-6-01478 DSI
Fixed Barrier 29.61 mph, frontal

33 1978 Datsun 810-to DOT-HS-6-01477 AETL
Fixed Barrier 30.045 mph, frontal

34 1979 Volvo 244DL-to- NHTSA 790550 M.S.E.C.
Fixed Barrier 34.98 mph, frontal :

35 1975 Volvo 244DL-to-~ DOT-HS-7-01758 DSI
Fixed Barrier 45.11 mph, frontal

36 1974 Volvo 244-to- DOT-HS-7-01542 DSI
Volvo 244 30.1 mph, front-to-front

37 1975 Volvo 244DL-to- DOT-HS-7-01758 DSI1
NHTSA Moving Device 30.69 mph, front-to-front

38 1975 Volvo 244-to- DOT-HS-7-01542 DSI
Volvo 244 30.2 mph, front-to-front

39 1975 Volvo 244-to- DOT-HS-7~01542 DSI
Volvn 244 30.3 mph, front-to-front

40 1978 Buick Century Custom- DOT-HS-6-01477 AETL

to-Fixed Barrier

29.84 mph, frontal

-D-4-



INTERMEDIATE - FRONTAL

# YEAR VEHICLE TEST SUPPLIER

41 1978 Chrysler LeBaron-to- DOT-HS-6-01477 AETL
Fixed Barrier 29.67 mph, frontal

42 1979 Buick Riviera-to- DOT-HS-6-01478 DSI
Fixed Barrier 35.33 mph, frontal

43 1979 Mercurv Marquis-to-~ DOT-HS-6-01478 DSI
Fixed Barrier 35.42 mph, frontal

44 1978 Dodge Magnum XE-to- DOT-HS-6-01477 AETL
Fixed Barrier 29.87 mph, frontal

45 1978 Dodge Monaco-to- DOT-HS~6-01478 DSI
Fixed Barrier 29.34 mph, frontal

46 1979 Chrysler LeBaron-to- DOT-HS-8-01938 CATC
Fixed Barrier 35.04 mph, frontal

47 1979 Plymouth Volare-to- DOT-HS-8-01938 CATC
Fixed Barrier 34.98 mph, frontal

48 1979 Chrysler LeBaron-to- DOT-HS-8-01938 CATC
Fixed Barrier 35.04 mph, frontal :

49 1979 Dodge Magnum Tudor-to— NHTSA 308-23~464 Calspan
Fixed Barrier 35.3 mph, frontal

50 1979 Chevrolet Impala-to-  DOT-HS-6-01478 DSI
Fixed Barrier 35.17 mph, frontal

51 1977 Ford LTD-to- DOT-HS-6-01478 DSI
Fixed Barrier 29.36 mph, frontal

52 1977 Chrysler Cordoha-to- DOT-HS-6-01478 DSI
Fixed Barrier 29.22 mph, frontal

53 1978 Chevrolet Nova-to- DOT-HS-6-01478 AETL

Fixed Barrier

29.65 mph, frontal




FULL - FRONTAL

# YEAR VEHICLE TEST SUPPLIER
54 1978 Ford LTDII Brougham-  DOT-HS-6-01477 AETL
to-Fixed Barrier 29.72 mph, frontal
55 1979 Oldsmobile Regency- DOT-HS-6-01478 DSI
to-Fixed Barrier 34.99 mph, frontal
56 1979 Ford LTD-to- DOT-HS-8-01938 CATC

Fixed Barrier

35.35 mph, frontal




MINI - REAR

# Y%AR VEHICLE TEST SUPPLIER

57 1979 Triumph Spitfire-to- DOT-HS-6-01477 NHTSA 790537
Moving Barrier 29.63 mph, rear impact AETL

58 1979 Plymouth Arrow-to- DOT-HS-6-01477 NHTSA 790543
Moving Barrier 29.76 mph, rear impact AETL

59 1977 Chevrolet Chevette-to- DOT-HS-6-01478 DSI
Fixed Barrier 29.32 mph, rear impact

60 1979 MG Midget-to- DOT-HS-6-01477 NHTSA 790536
Moving Barrier 29.66 mph, rear impact AETL




SUBCOMPACT - REAR

# YEAR VEHICLE TEST SUPPLIER

61 1976 Ford Pinto Wagon-to-  NHTSA-8-0323 DSI
1971 Chevrolet Impala 35.18 mph, rear-to-front

62 1972 Ford Pinto Wagon-to- NHTSA-8-0323 DSI
1971 Chevrolet Impala 35.57 mph, rear-to-front

63 1976 Ford Pinto Wagon-to- NHTSA-8-0323 DSI
1971 Chevrolet Impala 30.31 mph, rear-to-front

64 1976 Ford Pinto Wagon-to-  NHTSA-8-0323 DSI
1971 Chevrolet Impala 35.30 mph, rear—to-front

65 1974 Ford Pinto-to- NHTSA -8-0323 DSI
1971 Chevrolet Impala 29.89 mph, rear-to-front

66 1974 Ford Pinto-to- NHTSA-8-0323 DSI
1971 Chevrolet Impala 35.32 mph, rear—-to-front

67 1971 Ford Pinto-to- NHTSA~8-0323 DSI
1971 Chevrolet Impala 29.91 mph, rear—-to-front

68 1972 Ford Pinto-to- NHTSA-8-0323 DSI
1971 Chevrolet Impala 35.27 mph, rear—-to-front

69 1972 Ford Pinto-to- NHTSA-8-0323 DSI
Fixed Barrier 21.47 mph, rear impact

70 1972 Chevrolet Vega-to-— NHTSA-8-0323 DSI
Fixed Barrier 21.38 mph, rear impact

71 1978 Chevrolet Monza-to- DOT-HS-6-01478 DSI
Moving Barrier 29.2]1 mph, rear impact

72 1978 Pontiac Sunbird DOT-HS-6-01478 DSI
Moving Barrier 29.32 mph, rear impact

73 1971 Chevrolet Vega-to- NHTSA-8-0323 DSI
1971 Chevrolet Impala 34.78 mph, rear—to-front

74 1971 Chevrolet Vega-to- NHTSA-8-0323 DSI
1971 Chevrolet Impala 40.74 mph, rear—-to-front

75 1978 Plymouth Sapporo-to- DOT-HS-6~-01478 DSI
Moving Barrier 29.80 mph, rear impact

76 1978 Saah 99GL-to- DOT-HS-6-01478 DSI
Moving Barrier 29,29 mph, rear impact -

77 1978 Mazda Cosmo-to- DOT-HS-6-01478 DSI
Moving Barrier 29.00 mph, rear impact

78 1978 Buick Opel-to- DOT-HS-6-01478 DSI
Moving Barrier 30.27 mph, rear impact

79 1978 Datsun 510-to- DOT~HS-6-01478 DSI

Movina Barrier

29.52 mph, rear impact

-D_B_



COMPACT - REAR

Fixed Barrier

34.55 mph, rear impact

# YEAR VEHICLE TEST SUPPLIER

80 1979 Mercury Monarch-to- DOT-HS-8-01938 Calspan
Fixed Barrier 35.09 mph, rear impact )

81 1979 Mercury Zephyr-to- DOT-HS-8-01938 Calspan
Fixed Barrier 35.2 mph, rear impact

82 1979 Mercury Zephyr-to- DOT-HS-8-01938 Calspan
Fixed Barrier 35.3 mph, rear impact

83 1978 Ford Fairmont-to- DOT-HS-6-01478 DSI
Moving Barrier 29.49 mph, rear impact

84 1980 AMC Concord-to- DOT~HS-8-01938 Calspan
Fixed Barrier 34.97 mph, rear impact

85 1979 Volvo 4dr Sedan—to- DOT-HS-8-01938 Calspan




INTERMEDIATE - REAR

8 YEAR VEHICLE TEST SUPPLIER

86 1978 Dodge Diplomat-to- DOT-HS-6-01478 DSI
Movina Barrier 29.73 mph, rear impact

87 1977 Oldsmobile Cutlass DOT-HS-6-01478 DSI
Supr.-to-Fixed Barrier 28.98 mph, rear impact

88 1978 Buick Regal-to- DOT-HS-6-01478 DSI
Moving Barrier 29.90 mph, rear impact

89 1977 Pontiac Ventura-to- DOT-HS-6-01478 DSI
Fixed Barrier 29,30 mph, rear impact

90 1979 Cadillac Seville-to- DOT-HS-6-01477 AETL
Moving Barrier ' 29.57 mph, rear impact

91 1979 Ford Thunderbird-to- DOT-HS-6-01477 AETL
Moving Barrier 35.19 mph, rear impact

92 1979 Ford LTD Landau-to- DOT-HS-6-01477 AETL
Moving Barrier 35.03 mph, rear impact

93 1979 Buick Riviera S-to- DOT-HS-6-01477 AETL
Moving Barrier 34.81 mph, rear impact :

94 1978 Pontiac Phoenix-to- DOT-HS-6-01478 DSI
Moving Barrier 28.81 mph, rear impact




N

FULL - REAR

YEAR

VEHICLE

TEST

SUPPLIER

95

1979

Checker Taxi-Cab-to-
Moving Barrier

DOT-HS-6~-01477
29.67 mph, rear impact

AETL
(NHTSA 790545)




VANS - FRONTAL

¥ ;YEAR VEHICLE TEST SUPPLIER

97 1978 Ford P500 Van—-to- DOT~HS-6-01477 ‘AETL
Fixed Barrier 29.385 mph, frontal

98 1978 GMC Vandura Gl1500-to- DOT-HS-6-01477 AETL
Fixed Barrier 29.525 mph, frontal

99 1979 Ford Econoline E150- DOT-HS-8-01942 DSI
to-Fixed Barrier 15.25 mph, frontal

100 1979 Ford Econoline E150- DOT-HS-8-01942 DSI
to-Fixed Barrier " 30.02 mph, frontal

101 1979 Dodge B200 Van-to- DOT-HS-8~01942 DSI
Fixed Barrier 15.28 mph, frontal

102 1979 Dodge B200 Van-to- DOT-HS-8-01942 DSI
Fixed Barrier 30.22 mph, frontal

103 1979 Dodge B200 Van-to- DOT-HS-8-01942 DSI
Fixed Barrier 25.17 mph, frontal

104 1979 Dodge B200 Van-to- DOT-HS-8-01942 DsI
1979 Chevrolet Impala 30.8 mph, front-to-front '

105 1978 Ford Econoline E150-  DOT-HS-8-01942 DSI
1979 Chevrolet Impala 31.8 mph, front-to-front

106 1978 GMC G35 Magnavaro—to- DOT-HS-6-01477 AETL
Fixed Barrier 29.225 mph, frontal

107 1978 Chevrolet G20-to- DOT-HS-6-01477 AETL

Fixed Barrier

29.41 mph, frontal

-D-12-
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VANS - REAR

# YEAR . VEHICLE TEST SUPPLIER
108 1978 Chevrolet G-10 Van- DOP-HS-6-01478 DSI
to-Moving Barrier 29.18 mph, rear impact
109 1978 Dodge B100-to DOT-HS-6-01478 DSI
Moving Barrier 29.2 mph, rear impact
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PICKUP - FRONTAL

# YEAR VEHICLE TEST SUPPLIER

110 1978 Ford Courier P.U.-to- DOT-HS-6-01477 AETL
Fixed Barrier 29.73 mph, frontal )

111 1978 Chevrolet E1l Camino- DOT-HS-6-01477 AETL
to-Fixed Barrier 29.755 mph, frontal

112 1978 Ford Custom Styleside DOT-HS-6-01477 AETL
F150-to-Fixed Barrier 29.16 mph, frontal

113 1978 Chevrolet Luv, P.U. DOT-HS-6-01477 AETL
to-Fixed Barrier 29.735 mph, frontal

114 1978 Ford Custom Styleside DOT-HS-6-01477 AETL

F250-to-Fixed Barrier

29.85 mph, frontal

-D-14-



PICKUP - REAR

# YEAR VEHICLE TEST SUPPLIER

115 1978 Datsun P.U.-to- DOT-HS-6-01478 DSI
Moving Barrier 29.4 mph, rear impact

116 1978 Ford F-100 1/2 Ton- DOT-HS-6-01478 DSI
to-Moving Barrier 29.66 mph, rear impact

117 1978 Dodge D-100 P.U.-to- DOT-HS-6-01478 DSI
Moving Barrier 29.43 mph, rear impact

118 1978 Ford Ranchero 1/2 Ton DOT-HS-6001478 DSI
to-Moving Barrier 29.11 mph, rear impact

119 1978 Toyota SRS Long Bed DOT-HS-6-01477 AETL
P.U. SRS Hilux-to- 29.67 mph, rear impact
‘oving Barrier

120 1978 GMC 1500 P.U.-to- DOT-HS-6-01478 DSI
Movina Barrier 29.18 mph, rear impact
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4X4 - FRONTAL

§ YEAR . VEHICLE TEST SUPPLIER
121 1978 Datsun F-10-to- DOT-HS-6-01478 DSI.
Fixed Barrier 29.8 mph, frontal
122 1978 Subaru Brat DOT-HS-6-01.478 DSI
Fixed Barrier 29.56 mph, frontal

-D-16-




The following tcsts were not run as part of the CRUSH fprogram in order to

obtaln A, B, and G values for the reasons stated:

50

Dyvnamic Science Incorporated

Contract DOT HS-5-01104

"Impact Test of Compact Vehicle With Modified Side Structure, 35 mph,
60° Impact, Torino to Volare, Test No. 7."

1975 Ford Torino
1976 Plymouth Volare

Reason: Modification of R.F. Door

Dynamic Science Incorporated

Contract DOT HS-5-01104 .

"Impact Test of Compact Vehicle with Mddified Side Structure, 35 mph,
60° Impact. Torino to Volare, Test No. 6"

1975 Ford Torino
1976 Plymouth Volare

Reason: Modification of R.F. Door

Dynamic Science Incorporated

Contract DOT HS-5-01104

"Impact Test of Compact Vehicle with Modified Side Structure, 35 mph,
600 Impact. Torino t6 Volare Side (Right), Test No. 5."

1975 Ford Torino
19(6 Plymouth Volare

Reason: Modxfxcatxon of R.F. Door

Dynamic Science Incorporated

Contract DOT HS5-5-01104

"Impact Test of Compact ‘Vehicle with Modlfled Side Structure, 25 mph,
600 Iimpact. Torino to Volare, Test No. 3."

1975 Ford Torino
1976 Plymouth Volare

Reason: Modification of R.F. Door

Dynamic Science Incorporated

Contract DOT [iS-5-01104

"Impact Test of Compact Vehicle with Modilied Side Structure, 35 mph,
60 [mpact. Impala to Volare, Test No. 10."

1978 Chevrolet Impala
1976 Plvmouth Volare

~ Reason: Modification of R.F. Door
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6. Dynamic Science Incorporated
Contract DOT 11S-5-01104
"Impact Test of Compact Vehicle with Modified Side Structure, 25 mph,
600 Impact. Impala to Volare, Test No. 10."

-1978 Chevrolet Impala
1976 Plymouth Volare

Reason: Modification of R.F. Door

7. Dynamic Science Incorporated
Contract: DOT HS-6-01307
Vehicle Integration of Advanced restraint Systems. Volume IL Phase A.
Test No. 10, Torino to Volvo, 30° Right Oblique."

1975 Ford Torino
1976 Volvo 244

Reason: A & B Pillar Modifications in Volvo

8. Dynamic Science Incorporated
Contract: DOT HS-6-01307
Vehicle Integration and Evaluation of Advanced Restraint Systems.
Volume Ik Phase B. Test No. 14, Torino to Volvo, 300 Right Oblique."

1975 Ford Torino
1976 Volvo 244

Reason: A & B Pillar Modifications in Volvo
9. Dynamic Science Incorporated
Contract: DOT HS-6-01307
Vehicle Integration and Evaluation of Advanced Restraint Systems.
Volume Ik Phase B. Test No. 12, Torino to Volvo, 300 Right Oblique."

1975 Ford Torino -
1976 Volvo 244

Reason: Modifications of dash, A & B Pillar in Volvo
10. Dynamic Seience Incorporated
Contract: DOT HS-5-01104
"Impact Test of Compact Vehicle with Modified Side Structure, 35 mph,
90° Impact, Torino to Volare,

1975 Ford Torino
1976 Plymouth Volare

Reason: ‘“lodification of L.F. Door
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Zl.

22.

23.

24.

25.

Approved Engineering Test Laboratories
Contracty DOT HS-6-01477

"Occupant Response and Vehicle Acceleration in a 30 mph Left Oblique
Impact Test."

1978 Buick Skyhawk "5" -- 2 door coupe -- Rigid Barrier
Reason: Tmpossible to obtain damage length from available data '

Dynamic Science Incorporated

Contract: DOT HS-5-01104

"Baseline Test of Compact Vehicle Side Structure, 25 mph, 600
Impact, Torino to Volare Test Nao. 2."

1975 Ford Torino
1976 Plymouth Volare

Reasor: Impossible to obtain damage dimensions for striking vehicle
from available data

Calspan Corporation
Contract: DOT HS-5-01099
"Car-to-Car Side Impact Crush and Crush Testmg Test Report Test No 1"

1978 Ford Torino
1975 Plymouth Fury

Reasan: Intrusion

Calspan Corporation

Contract: DOT HS-5-01099

"Car-to-Car Side Impact Crush and Crash Testing Test Report Test No.
5“

1975 Plymouth Fury
1975 Plymouth Fury

Reason: Damage dimension

AETL

Contract: DOT HS-6-01477
"Car-to-Car"

1978 Buick Skyhawk "S"

Reason: Not sufficient impact direction data
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26.

27.

28.

29.

AETL
Contract: DOT HS-6-01477

1978 Fiat 131-5 MIRAFIONI

Reason: Impossible to determine exact crush of oblique test
Calspan Corporation

Contract: DOT HS-5-D1099

"Car-to-Car Front-to-Side"

1975 Ford Torino
1975 Plymouth Fury

Reason: Striking vehicle damage profile

Calspan Corporation
"Baseline Crash Test No. 4"

1978 Chevrolet Impala
1976 Volkswagen Rabbit

Reason: No striking vehicle measurements

Calspan Corporation
"Baseline Crash Test No. 6"

‘ 1978 Chevrolet Impala

1976 Volkswagen Rabbit

Reason: No striking vehicle measurements
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Level I Validation of Frontal Stiffness Parameters

Minicar Vehicles

SUM OF DIFFERENCES USING OLD COEFFICIENTS
SUM OF DIFFERENCES USING NEW COEFFICIENTS
7 RUNS WERE MADE IN CALCULATING THESE VALUES

75 Torino

35.5600
35.8000

Test  NHTSA Contract Actual 0ld SRL .
i No. & Test " Delta-Vl1 Delta-Vv2 Delta-vl1 Delta-V2 Delta-vl Delta-v2
8 DOT-HS-6-01477 29.3800 0.0000 28.3000 0.0000 29.7000 0.0000

: 78 Chevette
DOT -HS-8-01938 34.8000 0.0000 32.6000 0.0000 33.1000 0.0000
77 Rabbit
6 DOT-HS-8-01938 34.8000 0.0000 31.1000 0.0000 - 31.7000 0.0000
79 Chevette
DOT -HS-8-01938 34,7500 0.0000 30.0000 0.0000 31.4000 0.0000
75 Honda Civic
4 DOT -HS-6-01478 35.2000 0.0000 37.5000 0.0000 37.2000 0.0000
79 Datsun
DOT-HS-01758 . 40.8300 0.0000 34,5000 0.0000 35.1000 0.0000
75 Honda
2 DOT -HS-5-01099 19.4800 9.7200 29.6000 14.8000 32.6000 16.2000



Level I Validation of Frontal Stiffness Parameters
Subcompact Vehicles

Test NHTSA Contract Actual 0ld SRL

# No. & Test Delta-V1 Delta-v2 Delta-Vvl Delta-Vv2 Delta-vl1 Delta-V2
30.2000 0.0000 38.0000 0.0000 33.0000 0.0000
34.2000 0.0000 44,0000 0.0000 36.9000 0.0000

13 DOT-HS-6-01477 29.6000 0.0000 20.1000 0.0000 21.0000 0.0000

78 Gremlin

29.3000 0.0000 21.1000 0.0000 21.2000 0.0000
29.5600 0.0000 23.9000 0.0000 23.7000 0.0000
29.4000 0.0000 29.0000 0.0000 28.0000 0.0000
29.5800 | 0.0000 29.9000 0.0000 28.2000 0.0000
29.6500 0.0000 28.3000 0.0000 26.0000 0.0000
36.1000 0.0000 31.5000 0.0000 28,6000 0.0000
29.6300 0.0000 39.9000 0.0000 35.3000 " 0.0000

SW OF DIFFERENCES USING OLD COEFFICIENTS = 57.9000

S OF DIFFERENCES USING NEW COEFFICIENTS = 47.6600

10 RUNS WERE MADE IN CALCULATING THESE VALUES



Level I Validation of Frontal Stiffness Parameters
Compact Vehicles

Test

NHTSA Contract.. Actual 0ld SRL

# No. & Test Delta-vl Delta-V2 Delta-vVl Delta-Vv2 DeltafVl Delta-v2

22 DOT-HS-8-01938 34,7000 0.0000 29.2000 0.0000 30.5000 0.0000
80 Concord

23 DOT-HS-6-01477 29.6700 0.0000 24,6000 0.0000 27.5000 0.0000
78 Concord ‘ _ : '

24 DOT-HS=-6-01477 29.4000 0.0000 23.9000 0.0000 26.7000 0.0000
78 604SL ) o

25 DOT-HS-8-01938 35.4000 0.0000 32.4000 0.0000 32.1000 0.0000
79 Malibu

26 DOT-HS-6-01477 29.0300 0.0000 27.6000 0.0000 29.4000 - 0.0000
78 Monarch .

27 DOT-HS-6-01477 29.6700 0.0000 26.9000 0.0000 29.7000 0.0000
78 Zephyr o

28 DOT-HS-8-01938 35.4000 0.0000 33,7000 0.0000 34.1000 0.0000
79 Fairmont

29 " DOT-HS-8-01938 34.6000 0.0000 36.4000 0.0000 35.0000 0.0000
79 Granada

20 DOT -HS-8-01938 34.5700 0.0000 33.2000 0.0000 32.5000 " 0.0000
79 Granada

3l DOT-HS-6-01478 35.2400 0.0000 35..5000 0.0000 35.8000 . 0.0000

SUM OF DIFFERENCES USING OLD COEFFICIENTS
SW OF DIFFERENCES USING NEW COEFFICIENTS

79 Firebird

30.4000
17.1000

10 RUNS WERE MADE IN CALCULATING THESE VALUES



—S_a_

- Level I validation of Frontal Stiffness Parameters

Intermediate Vehicles

Test  NHTSA Contract Actual 01d SRL
# No. & Test Delta-Vl1 Delta-V2 Delta-Vvl Delta-Vv2 Delta-Vvl Delta-v2
29.8400 0.0000 28.2000 0.0000 30.6000 0.0000
A 34.8400 0.0000 37.5000 0.0000 37.8000 0.0000
35.8700 0.0000 34,2000 0.0000 . 34.9000 0.0000
43 DOT-HS-6-01478 35.42d0 0.0000 36.0000 0.0000 35.7000 0.0000
79 Marquis .2
44 DOT-HS-6-01477 29;8700 0.0000 24,9000 0.0000 27.5000 0.0000 -
78 Magnum XE :
45 DOT-HS-6-01478 29.3400 0.0000 28.2000 0.0000 29.7000 0.0000
78 Monaco '
48 - DOT-HS-8-01938 35.0400 0.0000 28.6000 0.0000 30.6000 0.0000
79 LeBaron
47 ' DUT-HS-8-01938 34.9900 0.0000 29.1000 0.0000 31.3000 0.00d0
79 Volare .
29.8400 0.0000 29.9000 0.0000 31.4000 " 0.0000
29.4500 0.0000 25,5000 0.0000 28.5000 0.0000
SUM OF DIFFERENCES USING OLD COEFFICIENTS = 29.0000
SUM OF DIFFERENCES USING NEW COEFFICIENTS = 17.9400

10 RUNS WERE MADE IN CALCULATING THESE VALUES
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Level I validation of Frontal Stiffness Parameters
Fullsize Vehicles

Test NHTSA Contract Actual 0ld : SRL -
# No. & Test Delta-Vl Delta-Vv2 Delta-Vl Delta-V2 Delta-~-vl Delta-V2
31.0000 0.0000 27.5000 0.0000 29.2000 0.0000
31.1000 0.0000 29.3000 0.0000 31.2000 0.0000
30.5000 0.0000 30.5000 0.0000 32.4000 0.0000
40.7000 0.0000 38.4000 0.0000 40.6000 0.0000
29.6500 0.0000 27.9000 0.0000 29.6000 0.0000
56 DOT-HS-8-01938 35.3500 0.0000 31. 4000 0.0000 33.4000 0.0000
) 79 Ford : ‘ : I
55 DOT-HS-6-01478 34.9900 0.0000 32.1000 0.0000 34.1000 0.0000
79 Regency : ' :
54 . DOT-HS-6-01477 29.7200 0.0000 33.7000 0.0000 35.7000 0.0000
78 LTDII Broughan ' ' : :
40.3000 0.0000 33.7000 0.0000 35.6000 - 0.0000
39,7300 " '0.0000 35.7000 - 0.0000 37.9000 * 0.0000
= 30.8000

SWM OF DIFFERENCES USING OLD COEFFICIENTS

SUM OF DIFFERENCES USING NEW COEFFICIENTS = 19.3000

10 RUNS WERE MADE IN CALCULATING THESE VALUES
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Level I Validation of Rear Stiffness Parameters

Mini Vehicles

Test  NHTSA Contract Actual 01d ~ SRL
# No. & Test - Delta-Vvl Delta-~Vv2 Delta-v1 Delta-Vv2 Delta-Vv1 Delta-v2
18.7900 10.8400 6.0000 3.5000 14.1000 8.1000
59 DOT-HS-6-01478 29.3200 0.0000 10.3000 0.0000 22,4000 0.0000
: 77 Chevette
17.9100 11.8500 6.0000 4.0000 13.8000 9.1000
19.0100 10.6400 7.7000 4.3000 16.9000 9.5000

SWM OF DIFFERENCES USING OLD COEFFICIENTS = 76.5600

SW OF DIFFERENCES USING NEW COEFFICIENTS = 24.4600

4 RUNS WERE MADE IN CALCULATING THESE VALUES
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Level I Validation of Rear Stiffness Parameters
Subcompact Vehicles

Test  NHTSA Contract Actual 0ld SRL '
# No. & Test "~ Delta-vl Delta-v2 Delta-vl Delta-v2 Delta-vl Delta-V2
NHTSA-8-0323 18.3400 11.5400 13,9000 8.7000 20.2000 12.7000
74 Pinto :
NHTSA-8-0323 21.9500 13.3700 19.1000 11.6000 27.1000 16.5000
74 Pinto
NHTSA-8-0323 22.2500 12.5300 18.7000 10.5000 26.2000 14.8000 -
71 Vega _
NHTSA-8-0323 19.3800 10.5300 14.6000 7.9000 23.5000 12.8000
71 Pinto
NHTSA-8-0323 26.1200 14.6100 21.1000 11.8000 29.4000 16.4000
71 Vega ' .
77 MVMA . 15.9200 14.4800 8.2000 7.4000 16.8000 15.2000
77 MVMA 15.6000 13.6100 6.4000 5.6000 13,5000 11.8000
77 MWA 15.7700 13.5500 6.7000 5.7000 14.2600 12.2000
- 77 MWMA 16.8000 13.0000 8.50b0 6;6000 17.6000 13.6000
77 MWA 16.2900 '12.7100 7.8000 6.1000 16.4000 12.8000
SWM OF DIFFERENCES USING OLD COEFFICIENTS = 111.4500 -
SUM OF DIFFERENCES USING NEW COEFFICIENTS = 39.0100

10 RUNS WERE MADE IN CALCULATING THESE VALUES
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Level I validation of Rear Stiffness Parameters
Compact Vehicles

Test NHTSA Contract Actual 0ld SRL :
# No. & Test "~ Delta-vl Delta-v2 Delta-vl Delta-v2 Delta-vl Delta-v2
80 DOT-HS-8-01938 35.0900 0.0000 14.8000 0.0000 32.8000 0.0000
79 Monarch
82 DOT-HS-8-01938 35.3000 0.0000 17.1000 0.0000 36.5000 0.0000
. 79 Zephyr
85 DOT-HS-8-01938 34.5500 0.0000 15.7000 0.0000 34.0000 0.0000
79 Volvo
84 DOT-HS-8-01938 34.9700 0.0000 12.1000 0.0000 29.0000 0.0000
80 Concord
8l DOT -HS-8-01938 35.2000 0.0000 17.5000 0.0000 37.0000 4b.0000
79 Zephyr
16.5100 12.9800 8.7000 6.8000 22.0000 17.3000
SW OF DIFFERENCES USING OLD COEFFICIENTS = 111.9000
= 21.6200

SUM OF DIFFERENCES USING NEW COEFFICIENTS
6 RUNS wERE MADE IN CALCULATING THESE VALUES
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Level I Validation of Rear Stiffness Parameters
Intermediate Vehicles

Test NHTSA Contract Actual 0ld SRL ‘

# No. & Test " Delta=-vl Delta-V2 Delta-Vvl Delta-Vv2 Delta-vl Delta-V2
29.3000 0.0000 11.3000 0.0000 22.4000 0.0000

90 DOT-HS-6-01477 13.4300 16.1400 6.5000 7.8000 12.7000 15.3000

. 79 Seville ‘

91 DOT-HS-6-01477 15.8500 19.3400 8.5000 10.4000 - 14.8000 18.1000

79 Thunderbird

92 - -DOT-HS-6-01477 16.9700 18.0400 - 11.1000 11.8000 18.2000 19.3000
' 79 LTD Landau

93 DOT-HS-6-01477 16.5000 18.3100 9.4000 10.5000 15.7000 17.4000
79 Riviera S

14.2600 16.3400 10.0000 11.5000 16.3000 18.7000

14.9100 14.5300 8.1000 7.9000 15.2000 14.8000
94 . DOT-HS-6-01478 14.0700 14.7400 8.7000 9.1000 - 15.3000 16.0000
78 Phoenix
88 DOT-HS-6-01478 15.2900 14.6100 11.0000 10.5000 18.0000 17.2000
78 Regal
34.9000 0.0000 16.1000 0.0000 26.5000 ’ O;OGUO

SW OF DIFFERENCES USING OLD COEFFICIENTS = 137.3300

SWM OF DIFFERENCES USING NEW COEFFICIENTS 36.1100

10 RUNS WERE MADE IN CALCULATING THESE VALUES

" 'l o 1
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Level I Validation of Rear Stiffness Parameters
Fullsize Vehicles

Test NHTSA Contract Actual . 0ld SRL .
# No. & Test " Delta-Vi Delta-V2 Delta-Vl Delta-V2 Delta-Vl Delta-V2
95 DOT-HS-6-01477 13.6700 16.0000 6.4000 7.5000 11.9000 13.9000
79 Checker Taxi .
8.5900 12.4100 4.7000 6.8000 8.7000 12.5000
12.0700 18.7300 6.0000 9.4000 11.2000 17.4000
12.2500 18.6500 5.5000 8.4000 10.2000 15.5000
SUM OF DIFFERENCES USING OLD COEFFICIENTS = 57.6700
SUM OF DIFFERENCES USING NEW COEFFICIENTS = 11.4700

4 RUNS WERE MADE IN CALCULATING THESE VALUES



-z1-a-

Level I Validation of Side Stiffness Parameters
Subcompact. Vehicles

Test NHTSA Contract Actual 0ld SRL :

# No. & Test - Delta-vl Delta-v2 Delta-Vl Delta-V2 Delta-vl Delta-Vv2
RICSAC 11.3300 8.6700 13.0000 9.9000 12.1000 9.2000
RICSAC 18.4000 12.2000 17.2000 11.4000 14.0000 9.3000
MVMA 12.0500 8.3400 8.8000 8.1000 - 9.9000 6.9000
MWA 12.1600 8.4400 7.6000 5.2000 9.1000 6.3000

SUM OF DIFFERENCES USING OLD COEFFICIENTS = 16.1900
SWM OF DIFFERENCES USING NEW COEFFICIENTS = 17.3900
4 RUNS WERE MADE IN CALCULATING THESE VALUES
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Level I Validation of Side Stiffness Parameters
Compact Vehicles

Test NHTSA Contract Actual 01d SRL :

# No. & Test Delta-Vvl Delta-v2 Delta-Vl1 Delta-v2 Delta-V1 Delta=V2
RICSAC 11.2300 8.7600 11.6000 9.1000 10.7000 8.3000
RICSAC 10.2800 9.7200 13.1000 12.4000 12.3000 11.6000
RICSAC 17.0700 13.2000 17.2000 13.3000 20.0000 15.5000

SUM OF DIFFERENCES USING OLD COEFFICIENTS = 6.4200

SIM OF DIFFERENCES USING NEW COEFFICIENTS = 10.1000

3 RUNS WERE MADE IN CALCULATING THESE VALUES
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Level I Validation of Side Stiffness Parameters
Intermediate Vehicles

Test NHTSA Contract Actual 01d SRL

# No. & Test Delta-vl Delta-V2 Delta-Vv1 Delta-v2 Delta-vl Delta-V2
RICSAC 14.7100 15.8800 13.3000 14.1000 13.8000 14.8000
RICSAC 7.1000 7.9000 7.0000 7.7000 12.3000 13.6000
RICSAC 22.4800 24.1100 19.7000 21.1000 23,6000 25.3000
RICSAC 14,7300 14.7700 8.9000 8.9000 14.1000 14.1000
RICSAC 14.7900 15.7100 8.7000 9.3000 17.6000 18,7000
RICSAC 22.0600 23.6400 18.3000 19.6000 21.9000 23.5000

SW OF DIFFERENCES USING OLD COEFFICIENTS = 41.2800

SWM OF DIFFERENCES USING NEW COEFFICIENTS = 22.6000

6 RUNS WERE MADE IN CALCULATING THESE VALUES
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Level I validation of Side Stiffness Parameters

Fullsize Vehicle

S

Test NHTSA Contract . Actual 01d SRL
# No. & Test Delta-vl Delta-V2  Delta-Vl Delta-Vv2 Delta-Vl Delta-v2
MVMA-1975 8.8700 12.1300 7.3000 9.9000 7.7000 10.6000
MVMA-1976 8.7800 12.4200 8.0000 11.0000 8. 4000 11.8000
RICSAC 9.2700 10.7300 9.7000 11.3000 10.1000 11.7000
RICSAC 8.9600 11.0400 9.5000 11.7000 9.8000 12.0000
SUM OF DIFFERENCES USING OLD COEFFICIENTS = 8.2000
= 7.3000

SWM OF DIFFERENCES USING NEW COEFFICIENTS

4 RUNS WERE MADE IN CALCULATING THESE VALUES
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Level I validation of Frontal Stiffness Parameters

79 Dodge 8200

vans

Test NHTSA Contract Actual SRL

# No. & Test Delta-Vvl Delta-v2 Delta-Vvl Delta-v2

98 DOT-HS-6-01477 29.5250 0.0000 28.7000 0.0000
78 Vandura

99 DOT-HS-8-01942 15.2500 0.0000 15.0000 0.0000
79 Econoline

100 DOT-HS-8-01942 30.0200 0.0000 29.3000 0.0000
79 Econoline

101 DOT-HS-8-01942 15.2800 0.0000 14,9000 0.0000
79 Dodge B200

102 DOT-HS-8-01942 30.2200 0.0000 30.600C C.0000
79 Dodge B200

103 DOT -HS-8-01942 25.1700 0.0000 27.4000 0.0000
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Level II validation of Frontal Stiffness Parameters

Vans
Test NHTSA Contract Actual SRL :
# No. & Test Delta-vl Delta-v2 Delta-Vvl Delta-v2
107 DOT-HS-6-01477 29.4100 0.0000 26.4000 0.0000
78 G20
97 DOT-HS-6-01477 29.3800 0.0000 19.8000 0.0000
78 PSQ0
106 DOT-HS-6-01477 29.2200 0.0000 36.0000 0.0000
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Level I Validation of Frontal Stiffness Parameters

Pickups

Test NHTSA Contract Actual SRL

# No. & Test Delta-Vvl Delta-v2 Delta-Vvl Delta-Vv2

110 DOT-HS-6-01477 29.7300 0.0000 27.5000 0.0000
78 Courier :

111 DOT-HS-6-01477 29.7550 0.0000 32.4000 0.0000
78 E1 Camino

112 DOT-HS-6-01477 29.1600 0.0000 26.1000 0.0000
78 Custom

113 DOT-HS-6-01477 29.7350 0.0000 27.1000 0.0000
78 Luv

114 DOT-HS-6-01477 29.8500 0.0000 28.5000 0.0000

78 Custom
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Level I validation of Rear Stiffness Parameters

Pickups
Test NHTSA Contract Actual SRL :
# No. & Test - Delta-vl Delta-v2 Delta-vl Delta-v2
115 DOT-HS-6-01478 16.6500 12.7500 15.0000 11.5000
78 Datsun .
116 DOT-HS-6-01478 14.1100 15.5500 12.1000 13.3000
’ 78 Ford F-100
117 DOT-HS-6-01478 14.5100 14.9200 15.4000 15.8000
78 Dodge D-100
118 DOT-HS-6-01478 13.5500 15.5600 12.6000 14,5000
78 Ford Ranchero
120 DOT-HS-6-01478 14.2600 14.9200 11.4000 12.0000

78 GMC 1500



APPENDIX G

Procedure for Obtaining Instrumentation

Force Direction

Note: Units for all force direction plots
are degrees and seconds

_G_l_



The Contractor reported velocity-time histories for various vehicle locations
were used to determine the average force direction. The procedure was as

follows:

' the X and Y velocity time histories for the firewall and rear deck
locations were digitized directly from the Contract report. (If a c.qg.
accelerometer was installed then it was used for the analysis instead.)
at each point in time the average force angle was computed

A= tan'l(Y/X) where Y = velocity change in Y direction

X = velocity change in X direction

: the separate averéges of the firewall and rear deck were determined
at a cut-off time of .150 seconds

the firewall and rear deck .150 second values were then averaged to

compensate for vehicle rotational effects on the accelerometers.

Test Number | of Contract DOT-HS-7-01511 will be used as an example.
Figures G-l and G-2 show the contractor velocity-time histories for the
firewall location; G-3 and G-4 are the rear deck location. A computerized
routine was utilized to accomplish the above procedural steps. The outcome
of the computer is a plot of the force angle as a function of time. Figures G-5
and G-6 show the plot for the two accelerometer locations. Since the plots
were derived from velocities rather than accelerations, the result is not a
force direction time histroy. It is rather the average of the time history up to
each point of consideration. It then shows how the average over time varies
with time. Both locations indicate an average force direction of about 40

degrees at .150 seconds, which also indicates little rotational velocity.

Figures G-7 through G-18 show the plots of average force directions for the
other tests which were analyzed by this method. The units are degrees and

seconds.
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