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Equal Spacing NOT Required for
Speed from Crush Calculations

(Equally spaced Crush measurements - in the field or in the office - which is the better location?)

In the Field which is easier ...
Measure to "critical points”.... or ...Measure "Equally Spaced" crush points?

Given the above damage and final rest alignment, measurements of damage were made using photogrammetry.
Using Force Balance, some Speed Calculations were made to compare the results of equal vs. non-equal spacing
measurements.

EQUAL SPACING NON-EQUAL SPACING
= *";":‘T —t = . :

Crush Length ~100 inches

From a Force Balance Analysis using the Bullet Vehicle as the "Known" vehicle, at the +1 Std Dev line for the Stiffness values
Equal Spacing closing speed = 39.9 mph
NON-Equal Spacing Closing speed = 39.3 mph

Crush Length ~ 156 inches

From a Force Balance Analysis using the Bullet Vehicle as the "Known" vehicle, at the +1 Std Dev line for the Stiffness values
Equal Spacing closing speed = 41.5 mph
NON-Equal Spacing Closing speed = 36.7 mph

In the field, which length do you choose? Why? Do you want to lose crush profile detail by taking only equal space
measurements in the field, just because your software does not allow for non-equal spacing?
Isn't it easier to simply measure to the "critical points" then use those same points for your crush measurement?
If your software does not allow non-equal spacing, where should you do the equal spacing measurements ...

In the field or in the office?

Download the background paper at - www.4n 6xprt.comN\IREX20 1 6-4N6XPRT-poster.pdf
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OVERVIEW

There is a mode of thought that crush measurements must be taken at equally spaced points along a
field indentation crush length. This thought process stems in large part from what is commonly referred
to as “The Tumbas Protocol” - “Measuring Protocol for Quantifying Vehicle Damage from an Energy
Point of View” Tumbas and Smith (SAE 880072) - which lays out a process for taking crush
measurements. Another contributor to this thought process is that the commonly presented crush
formulas for calculating A-B-G Stiffness values and Speed from Crush REQUIRE that the crush
measurements be equally spaced. If these formulas are used when the crush measurements are not
equally spaced, some of the simplifications in the formulas which are allowed with equally spaced
measurements will create errors when the measurements ARE NOT equally spaced.

So, the first series of questions is, just because some formula’s require equally spaced crush
measurements, is it a good idea, or even required, to take the equally spaced measurements in the field?
Or is the equal spaced measurement process better completed in the office? Why? When you are in the
field, would it not be better to take crush measurements at the “critical”’/bend/inflection points, which
will almost certainly be non-equally spaced? Why? What are the positives, and negatives, of taking
measurements at the critical points (non-equally spaced) vs. equally spaced measurements when you
are in the field?

The second series of questions is the focus of the poster: are equally spaced crush measurements
REQUIRED in order to complete speed from crush calculations? Why? Which yield the more accurate
results, equally or non-equally spaced measurements? Why?

The following data and analysis will attempt to answer these, as well as a number of other questions.
DATA SOURCE FOR ANALYSIS

The data presented in the Poster Session and this background paper are a result of the second Crash
Test conducted at the Institute of Police Technology and Management’s Special Problems in Traffic
Crash Reconstruction, May 20-24, 2013. This test had a 2006 Chevrolet Impala impacting a 1995
Cadillac Eldorado on the driver’s side between the front axle and the ‘B’ pillar. Both vehicles were
moving at the moment of impact.

Both pre-crash and post-crash photographs were taken of the vehicles and analyzed with iWitness
photogrammetry software to provide before and after profiles of the two vehicles. An overlay of the
pre-crash and post-crash profiles was completed in CAD Zone software, after which crush
measurements and alignment measurements were taken.

Field measurements were taken of the crush to both vehicles after the crash test was completed and the
vehicles were moved to the storage area. These measurements are provided in Appendix 1 for
completeness and comparison purposes to the crush measurements obtained from photogrammetry. No
analysis of these measurements was conducted for the poster or this paper.

The excerpted pertinent pages from the Crash Test Summary presentation (Appendix 2) indicate the
speed of the Eldorado at impact was 19-21 mph and the speed of the Impala at impact was 40-45 mph.
The post impact speed of the Eldorado was 22-23 mph with a crash impulse time of 150 milliseconds.
The post impact speed of the Impala was 22-29 mph with a crash impulse time of 150 milliseconds.
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The Impala X-vector delta-v was 22-23 mph and the Y-vector delta-v was 9-10 mph.
CRASHED VEHICLES

A quick look at the vehicles shows the potential for several measurement issues.

2006 Chevrolet Impala

What is your Field “L”? Where do you measure to on the vehicle to get your crush measurements?
Bumper cover? Bumper support bar? Hood? If hood, where on the hood? How do you account for the
missing material between the bumper support bar and the face of the bumper cover? Is the “twist” that
seems to be present on the right front fender important, or just part of the normal fender shape? If you
use an equal measurement process, what are you going to lose in the way of crush profile detail?

1995 Cadillac Eldorado
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What is your Field “L”? Where does it Start? Stop? It looks like there may be hinge separation at the
“A” pillar - do you average the door sill measurements with the maximum crush measurements? Do
you average in the field, or do you measure at the sill line and maximum (~bumper level) crush line
and record both depths? There appears to be a twist (or bowing) starting at the firewall, is this

significant? Do you apply/use a bowing constant? If you use an equal measurement process, what are
you going to lose in the way of crush profile detail?

Finally, back to the REAL question, should you worry about the above questions in the field, or back in
the office?

Through the use of photographs, which were then processed through Photogrammetry, what was
deemed to be the “critical” crush features were documented in the field. The Photogrammetry data was
then imported into CAD Zone, resulting in the following crush profiles

CRUSH PROFILES

2006 Chevrolet Impala - Crush Profile

e T

Projection of where the impact absorption material between
the Bumper Cover and Bumper Support bar would be.

Impact absorption material is ~ 4 inches thick front to rear.
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2006 Chevrolet Impala - Crush Profile overlaid on undamaged Profile
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1995 Cadillac Eldorado - Crush Profile overlaid on undamaged Profile - OPTION 1

R R S e He et s s s E
e 2 3 '{1+«+t~$l-._____“ i

BECTI s W T %
L A R, . e
Ress o ¥ ek *
£ ﬁt“"@hﬁ: P S S
5 Y
: i !
y = + i
g S x
S "
¥
' %
5 A
ST S TP TR
il Overlay of Post-Crash profile on Pre-Crash profile aligned along rear surface and rear

quarter panels of vehicle.

This alignment does not allow for the induced damage at the left front to be taken into
account.
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1995 Cadillac Eldorado - Crush Profile overlaid on undamaged Profile - OPTION 2

a Post-Crash profile aligned with Left Rear bumper corner on Pre-Crash vehicle outline, then =%
L adjusted and rotated to align the induced damage points at the left front corner and behind the
rear axle to provide a Field damage length "L" that takes the full contact plus induced damage

into account without the need of a bowing constant.

0 2 4 6 8 10ft

CRUSH PROFILES - DISCUSSION
Some of the answers are, perhaps, beginning to take shape at this point.

For the Chevrolet Impala (Bullet Vehicle), the most probable points we want to measure to are the
bumper support bar, and then subtract out the depth of the energy absorption material. Our studies at
various crash tests have found this material varies in depth/thickness between two - six inches, with the
most common depth being three - four inches. For the purposes of the measurements for this test, a
four-inch depth will be used. Additionally, the line formed by the projected four-inch measurement in
front of the bumper support bar will be extended to the undamaged vehicle profile in our determination
of the “Field L” Indentation Length for the Bullet Vehicle.

For the Cadillac Eldorado (Target Vehicle), it can be seen that (at least) two possible “Field L”
Indentation Lengths could be chosen. We will explore the results of both of those possible lengths in
this study.

So, the next step is to determine what our Crush measurements are, both for an equally spaced profile

as well as for a non-equally spaced profile, and what kind of a “measured” profile each spacing
provides.
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CRUSH MEASUREMENTS

2006 Chevrolet Impala - Equally Spaced 2006 Chevrolet Impala - Non - Equally Spaced
Average Crush Depth = 7.36 inches Average Crush Depth = 6.65 inches
Crush Area = 386 sq. inches Crush Area = 348 sq. inches
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The corresponding MEASURED profiles represented by the GREEN line, can be seen and compared to
the “actual” profile below.

2006 Chevrolet Impala - Equally Spaced 2006 Chevrolet Impala - Non - Equally Spaced
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1995 Cadillac Eldorado - Option 1 - Equally Spaced
Average Crush depth = 8.84 inches, Crush Area = 884 square inches

1995 Cadillac Eldorado - Option 1 - NON-Equally Spaced

Average Crush depth = 13.12 inches, Crush Area = 1317 square inches
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1995 Cadillac Eldorado - Option 2 - Equally Spaced
Average Crush depth = 9.56 inches, Crush Area = 1491 square inches
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1995 Cadillac Eldorado - Option 2 - NON-Equally Spaced
Average Crush depth = 9.61 inches, Crush Area = 1498 square inches
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As we did with the Chevrolet Impala, the corresponding MEASURED profiles for the Cadillac
Eldorado represented by the GREEN line in each case, can be seen and compared to the “actual”
profile below.

1995 Cadillac Eldorado - Option 1 - Equally Spaced “MEASURED” Profile
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1995 Cadlllac Eldorado - Option 1 - NON-Equally Spaced “MEASURED” Profile
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“MEASURED” PROFILE DISCUSSION

It is no surprise that the Non-Equally spaced profile measurements overlay the depicted crush profiles
for both vehicles and for both options on the crush length for the Target Vehicle, since the points that
are measured are the same points that were picked off from the photographs to create the profile.

One can see some deviation of “Measured” vs. “Actual” profile in the Equally spaced measurements
for the Bullet vehicle between measurement points 1 & 2 and between 3 & 4, measuring from the Left
(Driver) side toward the Right (Passenger) side. The Non-Equal space measured profile has slightly
less crush area (volume) than does the Equal spaced measured profile. This equates to slightly less
calculated force for the Bullet vehicle for a given set of A-B stiffness values.

For the Target Vehicle Option 1 it can be seen that the Equally spaced measurements shave off a bit of
the crush volume between measurements 1 & 2, 2 & 3, and 3 & 4, with the measurements progressing
from the rear toward the front. A reduction in crush volume will lead to a lower calculated speed from
the crush to the Target Vehicle. While minor, this reduction of volume is consistent and cumulative.

When we examine the Target Vehicle Option 2 Equally spaced measurements, you can see some rather
large discrepancies between the profile depicted from the Equally spaced measurements and the
“actual” profile between the 1 & 2,2 & 3,4 & 5, and 5 & 6 measurement segments. The effect this has
on the speed calculations will be discussed later. In addition to affecting the calculated speed results,
profile detail is lost if one only looks at the Equally spaced profile.

FORCE BALANCE SPEED CALCULATIONS

The method we have chosen to test the measurement methods of Equally spaced vs. NON-Equally
spaced crush measurements is through the application of a Force balance calculation, and then compare
the results to the instrumented results.

The specific Force Balance calculation tool which will be used is the one contained with 4AN6XPRT
StifCalcs® which is based in part upon the work by Shigemura and Rich contained in the publication
“Balancing Collision Forces in Crush/Energy Analysis” available from the IPTM bookstore. Another
reason for using this specific tool is that it allows the user to look at the Force Balance results based on
the stiffness values from all of the applicable NHTSA Crash Tests for the vehicle you have “the most
confidence in.”

The term/phrase “most confidence in” is based on a number of factors, including but not limited to, the
NUMBER of available NHTSA tests, the quality of the results of those tests, and the quality of the
measurements available from the crash being investigated. In this case, the quality of the measurements
from the crash being investigated is good, but if you had good measurements for one of the vehicles,
but few measurements of questionable quality for the other, the vehicle with good crush measurements
is more likely to be the vehicle you have the most confidence in. In the same way, if one of the vehicles
has only one or two tests, while the other vehicle has 7-10+ tests, the vehicle with more tests is a
candidate for “most confidence in.” Which vehicle to use as the “known” or “most confidence in”
vehicle is just one more judgement call that the traffic accident investigator needs to make.

In this instance, the Impala is being used as the “Known” vehicle for the calculations because it is a
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frontal collision and so has, as a general rule better data quality from the NHTSA Tests, and because
there is less to question about the crush to the vehicle in this crash.

Within the NHTSA Crash Test data, there are several factors which must be decided upon as they
affect the Stiffness values which are calculated for the “Known” vehicle. The variables which affect
the calculations in a frontal test are - No Damage Speed, Crush Depth - Average or Maximum, and
Crush Length - Indentation Length vs. Vehicle Width. In order to limit the variables for this discussion,
we will be using a 5 mph No Damage speed, the reported Average Crush Depth calculated as a
Trapezoidal Average, and the reported Vehicle Width for the Crush Length to be used in the
calculations. The Appendices will, however, include the Force Balance results based on reported
Maximum Crush from the tests for the “known” vehicle as well.

Within the NHTSA Crash Tests database, there are seven available tests for vehicles with a model year
0f 2006-2013 of same/similar body type to the 2006 Chevrolet Impala based on manufacturer, model,
and year range of minimal changes to the body. The individual test stiffness values and statistical
measurement of these tests calculated within the 4N6XPRT StifCalcs program are represented as:

Test Vehicke No
Number Info Damage Average Closing |-——- Vehicle Width—— —|
Speed Crush Speed |—— Stiffness Values—— | Crush
(mph) (inch) (mph) A B G Kv Factor
5578 2006 CHEVROLET MONTE CARLO TWOQ DOOR C... 50 263 30 2504 57.1 549.0 7T 18.6
7488 2012 CHEVROLET IMPALA FOUR DOOR SEDAN 50 239 M9 2823 707 563.5 96.4 204
5468 2006 PONTIAC GRAND PRIX FOUR DOOR SEDAN 50 235 351 283.3 725 553.6 986 209
5547 2006 CHEVROLET IMPALA FOUR DOOR SEDAN 50 238 352 2863 724 5659 985 207
5274 2005 BUICK LACROSSE FOUR DOOR SEDAN 50 234 351 287.8 742 558.3 100.9 211
6052 2007 CHEVROLET IMPALA FOUR DOOR SEDAN 50 124 247 3825 121.6 601.5 1911 197
7496 2012 CHEVROLET IMPALA FOUR DOOR SEDAN 50 65 200 4948 2295 533.3 4077 248
Average (AVG) 323.9 99.7 560.7 153.0 20.9
Minimum (MIN) 250.4 57.1 533.3 7.7 18.6
Maximum (MAX) 494.8 229.5 601.5 407.7 24.8
Standard Deviation (STDev-sample) 85.8 60.7 21.0 118.2 1.9
Number of Tests (n) 7

These values can then be imported into the Force Balance calculation module contained within the
StifCalcs program for further analysis. The basic vehicle data for the “Known” vehicle looks like this -

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact
iaht ( . PDOF
Curb Weight (pounds): Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds):
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?)
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
A B

No Damage Speed (mph): Average | 3239 | | 99.7 |

Energy Crush Depth (inches): 7.36 Wit | 2504 | | 574 |

Damage Length (inches): 525 Maximum | 2948 | | 2295 |

Crush Profile Measurements: Std. Devation | 85 | | 607 |

For the analysis, it was assumed that a user would either use equal crush measurement spacing for both
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vehicles, or non-equal spacing for both, although one could mix-and-match if they were using their
own, non-equally spaced measurements for one vehicle and someone else’s equally spaced

measurements for the other vehicle, or vice-versa.

The Force Balance was first analyzed with a lever arm of 0 inches for both vehicles and an Angle of
the Collision Force off of Normal to the Collision Surface Face of 0 degrees. With these two variables
at a value of “0”, the calculated forces and speeds will be the minimum values for the given crush

profiles. The results for each condition are as follows:

Target “L” = Option 1 ~ 100 inches, Equal Crush Measurement Spacing, No Lever Arm or Angle off
of Normal -
Results A\;leize Damage SpKeEed Delta V 2;:‘:(;3
A B (poundsf) Energy (ft'lbs)  (mph) (mph)  (MPH)
Minimum | 2504 [ 57.1 || 17604.72 ] 18969.79 [ 123 ][ 126 ][ 245
Avg - 25td. Deviations [ 1523 [ -217][ n/a | Nl nall wall wal
Avg - 1 5td. Deviations | 238.1 || 39.0 || 13784.93 || 1665557 || 115 15[ 224
Average [ 3239 || 99.7 | 27764.42 | 2758142 |[ 148 ][ 155 |[  30.0]
Avg + 1 5td. Deviations 409.7 1604 |[ 4174391 | 3937258 || 177 [ 187 ][ 38.2]
Avg + 2 5td. Deviations [ 4955 |[ 2211 |[ 5572340 |[ 5131636 || 202 ][ 214 ][ 415
Maximum | 494.8 || 2295 || 57327.90 || 5244946 || 204 ][ 216 ][ 421
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 386.40
Target “L” = Option 1 ~ 100 inches, Non-Equal Crush Measurement Spacing, No Lever Arm or Angle
off of Normal -
Results A\;lezze Damage SpKeEed Delta V CS‘;;;JQ
A B (poundsf)  Energy (ft*lbs)  (mph) (mph)  (MPH)
Minimum | 250.4 || 57.1 || 16477.51 || 16683.88 || 115 ][ 134 ][ 260
Avg - 2 Std. Deviations [ 1523 || -21.7 || 209.07 || nAall wall 12]] 24l
Avg - 1 Std. Deviations | 238.1 || 39.0 |[ 13008.32 || 1487259 || 109 |[ 122|238
Average [ 3239 |[ 99.7 || 25807.57 | 2396189 |[ 138 164 |[ 318]
Avg + 1 Std. Deviations [ 409.7 |[ 1604 |[ 38606.81 |[ 3391319 [ 164 ][ 197 ][ 384
Avg + 2 Std. Deviations [ 4955 ][ 2211 ][ 5140606 |[ 4401654 |[ 187 |[ 226 ][ 440
Maximum [ 494.8 || 2295 || 52848.50 || 4493585 || 189 |[ 229 |[ 445
Damage Centroid Depth (x) (inches) 4.25 k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) 1.00
Area of Damage (inches?): IW‘
Target “L” = Option 2 ~ 156 inches, Equal Crush Measurement Spacing, No Lever Arm or Angle off
of Normal -

Area of Damage (inches?): 386.40

Results A\Flelige Damage S;:!\(eEed Delta V C;;::llg
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH)
Minimum | 2504 |[ 57.1 | 17604.72 | 18969.79 |[ 123 |[ 130 ][ 254]
Avg - 2 Std. Deviations | 1523 | 2217 || n/A [ Nl wNall wall A
Avg - 15td. Deviations [ 2384 || 39.0 || 13784.93 || 1665557 | 115 ][ 119 |[ 231]
Average | 3239 || 99.7 || 27764.42 | 2758142 [ 148][ 1s0 [ 311]
Avg + 15td. Deviations | 409.7 || 1604 |[ 41743.91 | 3937258 || 177 ][ 193 |[ 378
Avg + 2 Std. Deviations | 495.5 | 2211 | 55723.40 || 5131636 || 202 |[ 222 |[ 431]
Maximum | 494.8 || 2295 || 57327.90 || 5244946 || 204 ][ 225 436 |
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) 1.00
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Target “L” = Option 2 ~ 156 inches Non-Equal Crush Measurement Spacing, No Lever Arm or Angle
off of Normal -

Results A\;zrriie Damage SpKeEecI Delta V CS‘;:Z:IQ
A B (poundsf) Energy (ft'lbs)  (mph) (mph)  (MPH)
Minimum [ 2504 || 57.1 || 16477.51 | 16683.88 || 115 |[ 126 |[ 245]
Avg - 2 Std. Deviations [ 152.3 | 2217 || 209.07 || N/a [ wyal| 1.0 || 20 |
Avg - 15td. Deviations [ 238.1 || 39.0 || 13008.32 || 1487259 | 109 |[ 115 224
Average [ 3239 || 99.7 || 2580757 || 2396189 || 138 ][ 154 |[ 299
Avg + 1 Std. Deviations | 4007 || 1604 || 38606.81 || 3391319 |[ 164 |[ 185 36.0]
Avg + 2 Std. Deviations | 495.5 | 2211 || 51406.06 |[ 4401654 || 187 |[ 212 413
Maximum | 494.8 || 2295 || 5284850 || 4493585 || 189 |[ 215 418
Damage Centroid Depth (x) (inches) 4.25 k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 347.79

In each case, these results are showing the instrumented closing speed is bracketed by the +1 and +2
Standard Deviation of the Stiffness Values for the Impala. It can also be seen that the AVERAGE
stiffness values based on the seven available tests would indicate a closing speed of 29-32 mph. This is
just the “first run” before trying to align the vehicles to obtain a Lever Arm and Collision Angle off of
Perpendicular.

When we look at some of the Post Crash photographs of the vehicles at rest prior to being separated,
we can see there is likely to be both a significant Lever Arm and an Angle component which will serve
to increase the calculated speeds.
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The post collision alignment finalized on for this study has a Lever Arm on the Target Vehicle of
~28.5 inches and a Collision Angle off of the Perpendicular of ~30 degrees.

POR Alignment

Given this additional data, the Force Balance results are recalculated with the Lever Arm and Angle
data input for the Target vehicle.
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Target “L” = Option 1 ~ 100 inches, Equal Crush Measurement Spacing, Lever Arm = 28.5 inches,

Angle off of Normal = 30 degrees -

Results A:Z:iie Damage Spli\i\d Delta V CSE::CIQ
A B (poundsf) Energy (ft'lbs)  (mph) (mph)  (MPH)
Minimum | 2504 || 571 | 1760472 || 18969.79 |[ 123 |[ 124 ][ 27.0]]
Avg - 2 Std. Deviations [ 1523 |[ -21.7 || N/A | 7N | Y7 | 7N | 7Y
Avg - 1 5td. Deviations | 2381 || 39.0 || 13784.93 || 1665557 | 115 |[ 114 ][ 247
Average | 3239 || 907 || 2776442 || 2758142 || 148 |[ 152 ][ 331
Avg + 1 Std. Deviations | 409.7 || 1604 || 4174391 || 3937258 || 177 ][ 184 ][ 399 |
Avg + 2 Std. Deviations | 495.5 | 2211 || 55723.40 || 5131636 |[ 202 |[ 211 ][ 453 ]
Maximum | 4948 || 2295 || 57327.90 || 5244946 || 204 ][ 213 ][ 463 ]
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): [ 38640 ]

Target “L” = Option 1 ~ 100 inches, Non-Equal Crush Measurement Spacing, Lever Arm = 28.5
inches, Angle off of Normal = 30 degrees -
Results A;z'!ige Damage Spii-d Delta VV Csfil:dg
A B (poundsf) Energy (ft'lbs)  (mph) (mph)  (MPH)
Minimum | 2504 |[ 571 |[ 2s5607.60 || 1668388 |[ 115 |[ 122 265 |
Avg - 2 Std. Deviations |___1523 || -217 || N/A || NAll nall nall wal
Avg - 1 Std. Deviations | 2384 || 39.0 || 19244.29 || 1487259 || 109 || 111 || 241 |
Average | 3239 |[ 99.7 || 41749.26 || 2396189 || 138 150 325
Avg + 15td. Deviations | 400.7 || 1604 || 6425423 || 3391319 |[ 164 |[ 181 |[ 393 |
Avg + 2 Std. Deviations | 4955 | 2211 || 86759.20 || 4401654 |[ 187 ][ 207 |[ 450
Maximum | 494.8 || 2205 || 89544.77 || 4493585 || 189 ][ 210 456
Damage Centroid Depth (x) (inches) k*
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): [ 34779

Target “L” = Option 2 ~ 156 inches, Equal Crush Measurement Spacing, Lever Arm = 28.5 inches,
Angle off of Normal = 30 degrees -
Results A;:ZZE Damage Spiid Delta V (;ls;:c?
A B (poundsf)  Energy (ft'lbs)  (mph)  (mph)  (MPH)
Minimum | 2504 |[ 57.1 | 17604.72 || 18969.79 |[ 123 129 ][ 280
Avg - 2 Std. Deviations [ 1523 || -21.7 || n/a || nall wnall wna]l wal
Avg - 1 Std. Deviations | 2381 || 39.0 || 13784.93 || 1665557 || 115 || 117 ][ 255 |
Average | 3239 || 99.7 || 2776442 || 2758142 || 148 |[ 158 ][ 343 ]
Avg + 1 Std. Deviations | 409.7 || 1604 || 41743.91 || 3937258 || 177 ][ 1sa ][ 415
Avg + 2 Std. Deviations | 4955 |[ 2211 || 5572340 || 51316.36 |[ 202 |[ 219 ][ 476
Maximum | 494.2 || 229.5 || 57327.90 || 5244946 || 204 || 222 482
Damage Centroid Depth (x) (inches) 463 k?

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 38640

Eff. Mass Ratio (gamma)
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Target “L” = Option 2 ~ 156 inches, Non-Equal Crush Measurement Spacing, Lever Arm = 28.5
inches, Angle off of Normal = 30 degrees -

Average KE Clasing
Results Force Damage Speed DeltaV  Speed
A B (poundsf)  Energy (ft*lbs)  (mph) (mph)  (MPH)
Minimum | 2504 || 57.1 || 25607.60 || 1668388 || 115 |[ 115 |[ 249
Avg - 2 Std. Deviations |___152.3 || -21.7 || N/A || nall nall nNall Al
Avg - 15td. Deviations | 2381 || 39.0 | 19244.29 || 1487259 || 109 ][ 105 ][ 227 ]
Average | 3239 || 997 || 4174926 || 2396189 || 138 140 304 ]
Avg + 1Std. Deviations | 400.7 || 1604 || 425423 || 3301319 || 164 |[ 169 ]|[ 367
Avg + 2Std. Deviations [ 4955 | 2211 ||  86759.20 || 4401654 |[ 187 |[ 194 ][ 420
Maximum | 494.8 || 2295 || 89544.77 || 4493585 || 189 |[ 196 | 426 ]
Damage Centroid Depth (x) (inches) k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) 1.00
Area of Damage (inches?): [ 3a779]

When we review the Equally spaced measurement tables, it is seen that the Instrumented Closing
Speed of ~ 40 mph is now between the calculated closing speed based on the AVERAGE and +1
Standard Deviation Stiffness Values for the Bullet (Chevrolet Impala) vehicle.

When the Non-Equally spaced measurement tables are reviewed, the Instrumented Closing Speed of ~
40 mph is still between the calculated closing speed based on the +1 and +2 Standard Deviation
Stiffness Values for the Bullet (Chevrolet Impala) vehicle.

This is primarily an effect due to the Non-Equally spaced measurements more closely approximating
the actual crush profile for both vehicles.

The Force Balance “tool” uses the Force calculated for the “Known” (more confidence) vehicle and
then applies that force (equal but opposite force) to the “Unknown” (less confidence) vehicle to
calculate the matching stiffness value pair for the “Unknown” vehicle in that collision. The calculation
of A-B stiffness pair values is in large part dependant upon force, average crush depth, and crush
length. Likewise, the Force calculated from an A-B pair can to a large extent be evaluated by the Crush
Area the stiffness values are applied to.

Since the Equally spaced measurements for the “Known” (Bullet) vehicle result in a somewhat larger
area than do the Non-Equally spaced measurements, the Equally spaced measurements will calculate a
somewhat greater force for the same A-B stiffness value pair.

For the damage to the Target Vehicle in Option 1, the Average depth for the Equally spaced
measurements is 8.84 inches vs. 13.12 inches for the Non-Equally spaced measurements. Given the
same force, the shorter average depth will result in higher (stiffer) stiffness values. In the case of this
crash, not only is the average crush depth for the Target vehicle significantly greater, but the Force
calculated from Non-Equal spacing profile for the Bullet vehicle is somewhat less than for the bullet
vehicle Equal spacing profile.

Within the 4N6XPRT StifCalcs Force Balance module, the calculations, the stiffness pair calculated
for the “Unknown” vehicle are then used to calculate a damage energy and speed for the “Unknown’
vehicle damage. And in the end, a CLOSING speed between the two vehicles is calculated.

b
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In the case of this crash, given that the force for the Bullet vehicle is lower in the Non-Equally spaced
profile, together with the significantly larger average crush depth for the Target vehicle in its Non-
Equally spaced profile, it is not surprising that the resulting calculated closing speed is lower for a
given starting value of A-B values for the Bullet vehicle, even with the larger crush area calculated for
the Non-Equal spacing profile.

In the case of Field “L” Option 2 for the Target vehicle, the same explanation holds true for the Bullet
vehicle as was given for Option 1. In Option 2, the Equal spacing vs. Non-Equal spacing crush areas
are essentially identical. However, the Non-Equal spacing profile has a slightly larger average crush
depth, which will again result in lower A-B stiffness values. Lower stiffness values, combined with a
lower starting Force from the Bullet vehicle, mean that again the Non-Equal spacing profiles will
render, IN THIS CRASH, a lower closing speed. However, this will NOT always be the case.

SUMMARY
Lets review the previously asked questions and see if we now have the answers.
For the Chevrolet Impala -

Q-  Whatis your Field “L”?

A - The Field “L” chosen for our calculations is an extrapolation of where the Bumper
Absorption material would likely intersect the pre-crash vehicle outline. Alternatively, a
Field “L” which is the length of the bumper support bar could be chosen, but that
would then leave some of the damage to the Impala unaccounted for in the calculations.
However, measuring to the right (passenger side) bumper support bar end could be
problematical without removing the bumper cover, which brings up the potential for a
number of other considerations outside of the realm of this study.

Q-  Where do you measure to on the vehicle to get your crush measurements? Bumper cover?

Bumper support bar? Hood? If hood, where on hood?

A - For the crash in this study, the measurements were taken to the bumper support bar.
The bumper cover was not anywhere close to “in place” after the vehicles were
separated from each other so that measurements could be taken, so that is not a good
candidate for crush measurements. The hood damage “creases” were measured, but
not used since it was felt the bumper support bar measurements gave a better
representation of the damage, and was less prone to “why” questions. However, the
damage on the hood likely could be used if need be to get a conservative estimate of
speed from crush. The biggest issue would be determining where the damage crease
line locations would be on the pre-crash vehicle in order to get your crush depths.
These distances would lend conservative speed estimates in a CRASH 3 analysis
because they are not at a level of immediate direct contact, and so do not include the
full crush energy expended on the Impala.

Q-  How do you account for the missing material between the bumper support bar and the face of
the bumper cover?
A - Over the last two years we have been examining the dimensions of energy absorption
material found between the bumper cover and the bumper support bar. At its maximum
depth near the centerline of the vehicle, the material is 3-6 inches in depth, with the
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typical measurement being 3-4 inches. The typical design then has the material taper
down in depth so that it is in the neighborhood of 1-3 inches at the outside ends, with
the typical measurement being 2-3 inches. For this crash the missing material was
accounted for by extending the line of the bumper bar forward a uniform 4 inches and
then outwards to intersect with the undamaged pre-crash profile.

Is the “twist” that seems to be present on the right front fender important, or just part of the

normal fender shape?

A - Study of the pre-crash profile indicates the apparent “twist” is more or less the normal
curvature of the fender leading from the firewall to the front of the vehicle.

If you use an equal measurement process, what are you going to lose in the way of crush profile
detail?
A - Inthe case of THIS crash with THIS vehicle, it seems that little detail is lost

For the Cadillac Eldorado -

Q_

Q_

What is your Field “L”?

A - Two Field “L” measurements were examined. The field “L” which was the result of
aligning the pre-crash and post-crash profiles gave the most consistent speed estimates
between the two measurement processes.

Where does it Start?

A - Inthe case of Option 1, the Field “L” starts at the forward position of the Rear Wheel
Well at the bumper level height. In the case of Option 2, the Field “L” starts at the rear
of the Rear Wheel Well at the same bumper level height.

Stop?
A - Inthe case of Option 1, the Field Length “L” terminates at about the position of the
front of the front tire. In the case of Option 2, at the left front bumper corner.

It looks like there may be hinge separation at the “A” pillar - do you average the door sill
measurements with the maximum crush measurements? Do you average in the field, or do you
measure at the sill line and maximum (~bumper level) crush line and record both depths?

A - For the purposes of this study, Sill and Maximum Crush Depth Averaging was not used.
In part that was due to our experience with applying the Force Balance tool to this type
of damage, and our findings that the best results when compared to the instrumented
speeds is obtained when the maximum crush depth profile is used for the “Unknown”
vehicle. If a standard CRASH 3 analysis is to be used, the averaging method MAY be
more appropriate. However, it is our experience that if only the average crush values
are recorded in the field, too much profile detail is lost. So IF an averaging method is
considered, both the Sill AND the Maximum crush depths should be recorded.

There appears to be a twist (or bowing) starting at the firewall, is this significant? Do you

apply/use a bowing constant?

A - An examination of the pre-crash and post-crash profiles indicate that the bowing is a
definite result of the collision. For this study, a bowing constant was not used as it was
felt it was more straightforward to apply a straight line across the driver side damage
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Q_

face and measure from that line. The analysis of the speeds calculated from the crush
that was measured while accounting for the twist (Option 2) vs ignoring the twist
outside of the pre-crash profile (Option 1) resulted in less than a 10% difference in
closing speeds between the two methods at the Impala Stiffness value +1 Std Deviation
line, as well as less than 10% off of the instrumented bullet vehicle speed.

If you use an equal measurement process, what are you going to lose in the way of crush profile

detail?

A -

A close examination of the profile results of the two measurements methods reveals that
there is some detail lost by the Equally Spaced measurement process in as compared to
the Non-Equally spaced process in Field “L” Option 1, there is significantly more
profile detail lost in the Equally Spaced process when applied to Field “L” Option 2.
This loss of detail in the Field “L” Option 2 profile would make alignment of the post
collision vehicles more difficult if only the six equally spaced depth measurements were
recorded in the field.

Finally, the REAL question(s) are -

Q_

Should you worry about the above questions in the field, or back in the office?

A -

1t is felt that there are enough questions that come up while out in the field without any
additional questions being added that do not have to be. If the vehicles and their
damage are documented as any other piece of evidence - i.e. - if it looks like it may be
important, document it - and then processed back in the office, it lessens the load on the
person(s) in the field, lessens the likelihood that something will be overlooked, and
increases the likelihood that you will have answers to questions that you weren’t even
thinking about out in the field.

Is Equal Spacing of crush measurements required for Speed from Crush Calculations?

A -

1t has been illustrated through the application of the Force Balance tool to both crush
measurement methods that NO, Equal spacing of crush measurements IS NOT required
for (good) Speed from Crush Calculation results. Whether equal spacing is used for the
calculations is based more on your calculation process - Manual, spreadsheet, or “off
the shelf” software and what the process/tools require.
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Expert AutoStats®

W4 Lo

2006 CHEVROLET IMPALA MSP POLICE PACKAGE 4 DOOR SEDAN
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IPTM Special Problems 2013

| Crash Test Data

UTHE il Crash Reconstruction L e
ofNi«V[}al%%TY Research Consortium ..

IPTM's Special Problems
2013 http://tucrrc.utulsa.edu 1
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THE ﬁﬁﬁ

YMERS™ Introduction and Overview

Jeremy Dally, Ph.D., P.E.

Associate Professor of Mechanical Engineering

Director of the Crash Reconstruction Research
Consortium

Jose Corcega
Graduate Student of Mechanical Engineering
Data acquisition with eDAQ system
Andrew Kongs
Engineering Research Technician

All things electrical (Power Distribution, Brake
Signals, and Wireless distribution system).

IPTM's Special Problems 2013 http://tucrrc.utulsa.edu
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THE @
UNIVERSITY

of TULSA

James Johnson

Ph.D. Student in Computer Science
VBox Data and Heavy Truck Digital Forensics
Amila Perera
Graduate Student in Engineering Physics
Steering measurements and HVE
Richard Ruth,
IPTM Lead EDR Trainer

Crash data from factory and ride along EDRs
IPTM's Special Problems 2013

http://tucrrc.utulsa.edu
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THE

UNIVERSITY
o TULSA

Alison Maskus, Electrical Engineering
Graduate Student
Skippy (and Paco)

Olly, the dog (hamed after a computer
program)

IPTM's Special Problems 2013 http://tucrrc.utulsa.edu
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THE @
UNIVERSITY

of TULSA

White Impala into White Cadillac

CRASH TEST 2

IPTM's Special Problems 2013

http://tucrrc.utulsa.edu
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THE @

UMERS™ Vehicle Descriptions

2006 Chevrolet Impala 1995 Cadillac Eldorado
= Bullet Vehicle = Target Vehcile
= 2G1WS551269435709 = 1G6EL12Y05U601252

IPTM's Special Problems 2013 http://tucrrc.utulsa.edu 65
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UTHE VEHICLE WEIGHT SUMMARY
NIVERSITY

°f TULSA CRASH 2
Measurement 2006 Chevrolet Impala Cadillac El Dorado

Right Front [Ib] 1250 1203

Left Front [lb] 1132 1268

Right Rear [Ib] 683 745

Left Rear [Ib] 699 675

Total [Ib] 3764 3891

Track width [in] 61 61

Wheel base [in] 111 108
Center of mass (X,Y) [inch] (70.7,20.5) (77.3,37.3)

IPTM's Special Problems 2013 http://tucrrc.utulsa.edu 66
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Uﬁfism CRASH 2 SUMMARY

of TULSA

Measurement 2006 Chevrolet Impala Cadillac El Dorado

Impact Speed [mph] 40.9 19.49

Impact Angle [deg (N)] 359.6 268.6

Delta V in X [mph] -22.26 -

Delta VinY [mph] -9.67 -

Crash Pulse Time [ms] 150 150

Peak Angular Velocity [deg/sec] -147 -

Post impact Speed [mph] 28.5 23.23

IPTM's Special Problems 2013 http://tucrrc.utulsa.edu 67
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VBox Speeds from White Impala v Cadillac - IPTM 2013

Appendix 2-9

50
Impala Impact Speed = 44.72 mph +x§oe>?3\i/?n?1xlrl: (;ET:I”E]C
45 1 cadillac Impact Speed = 20.53 mph P E
Impala Post Impact Speed = 22.07 mph

40 "1 cadillac Post Impact Speed = 22.07 mph

35 Post Impact Drag Factor = 0.40
<= 30 .
Q.
E \
gy i
Q
a
v 20

15 u

10

5 y =-8.8393x + 111.84
R?=0.9912
0 I I I | | ] ]
0 2 4 6 8 10 12 14
Time (sec)
IPTM's Special Problems 2013 http://tucrrc.utulsa.edu 68
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THE

9“1{«“5&?{” Computing Drag Factor
Glven a time history of speed in mph

Determine the slope of the graph using the
Trendline feature in Excel

The units of the slope are mph/s

Convert mph to ft/s by multiplying by 1.466
Divide by 32.2 to get g’s

Example:

—8.8393 *

6
= 0.402
357 0.4026

IPTM's Special Problems 2013 http://tucrrc.utulsa.edu
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APPENDIX 3

NHTSA Tests for
AVERAGE CRUSH
Stiffness Value Determination
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4NG6XPRT StifCalcs®

Available Test Results

Front Impact Test Summary

Report Filter Settings

Year Range: 2006 - 2013
Make: CHEVROLET

Model: IMPALA
Test Vehicle No

Number Info Damage Average Closing |---------- Vehicle Width-—-—mm-- |
Speed Crush Speed [|-------- Stiffness Values-—-——--

(mph)  (inch) (mph) A B G Kv

5578 2006 CHEVROLET MONTE CARLO TWO DOORC... 5.0 26.3 35.0 250.4 57.1 549.0 77.7

7488 2012 CHEVROLET IMPALA FOUR DOOR SEDAN 5.0 23.9 34.9 282.3 70.7 563.5 96.4

5468 2006 PONTIAC GRAND PRIX FOUR DOOR SEDAN 5.0 235 35.1 283.3 72.5 553.6 98.6

5547 2006 CHEVROLET IMPALA FOUR DOOR SEDAN 5.0 23.8 35.2 286.3 72.4 565.9 98.5

5274 2005 BUICK LACROSSE FOUR DOOR SEDAN 5.0 23.4 35.1 287.8 74.2 558.3 100.9

6052 2007 CHEVROLET IMPALA FOUR DOOR SEDAN 5.0 12.4 24.7 382.5 121.6 601.5 191.1

7496 2012 CHEVROLET IMPALA FOUR DOOR SEDAN 5.0 6.5 20.0 494.8 229.5 533.3 407.7

Average (AVG) 323.9 99.7 560.7 153.0

Minimum (MIN) 250.4 57.1 533.3 77.7

Maximum (MAX) 494.8 229.5 601.5 407.7

Standard Deviation (STDev-sample) 85.8 60.7 21.0 118.2

Number of Tests (n) 7

Crush

Factor
18.6
20.4
20.9
20.7
21.1
19.7
24.8

20.9
18.6
24.8

1.9

Registrered Owner: 4AN6XPRT SYSTEMS

4N6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Appendix 3-2
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APPENDIX 3

Crush Length = OPTION 1

Impala Stiffness Values from NHTSA Tests =
AVERAGE CRUSH

Crush Measurement Spacing = EQUAL

Lever Arm and Angle = NO

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
A B
No Damage Speed (mph): Average | 3239 | | 99.7 |
Energy Crush Depth (inches): Minimum | 2504 | | 571 |
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | 858 | | 607 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_000] | | | | | |
10.50 35.18 223 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 10185 | | 5.00 | | 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | | 12233 | | 584 | | 714.47 | | 2609 | [ 319174 |
C4 (inches)
| 10.50 | | 91.35 | | 442 | | 403.69 | | 36.37 | | 3322.20 |
e (nches) 22| | | | | | |
10.50 35.70 2.27 80.92 45.50 1624.35
Co(inches) [_om0] | | | | | |
@ tinchess L1 | | | | | |
Gnches L1 | | | | | |
estinches L1 | | | | | |
C10 (inches) [ |

Average Crush (inches):

Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 250.4 || 57.1 || 17604.72 || 18969.79 || 123 || 126 || 245 |
Avg - 2 Std. Deviations [ 1523 || -21.7 ] N/A | NAJL NAf NA[ NA]
Avg - 1 Std. Deviations | 2381 || 390 || 1378493 || 1665557 |[ 115 | 115 224 |
Average | 323.9 || 99.7 || 27764.42 || 2758142 || 148 [ 155 300 |
Avg + 1 Std. Deviations | 409.7 || 160.4 || 41743.91 || 3937258 || 177 || 187 362
Avg + 2 Std. Deviations | 4955 || 2211 || 55723.40 || 5131636 || 202 || 214 415 |
Maximum | 494.8 || 229.5 || 57327.90 || 5244946 || 204 || 216 421 |
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)

Area of Damage (inches?): [ 386.40 |

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-030201SC02301
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
20.00 50.00 1.67 83.33 13.33 666.67
C2 (inches)
| 2000 | |  207.00 | | 564 | | 1166.63 | | 31.72 | | 6566.67 |
C3 (inches)
| 2000 | [ 32000 | | 800 | [ 256030 | | 50.06 | | 16020.00 |
C4 (inches)
| 2000 | | 235.00 | | 617 | | 144963 | | 68.71 | | 16146.67 |
€0 (inches) L—22| | | | | | |
20.00 72.00 2.40 172.80 86.67 6240.00
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ftlbs)  (mph) (mph) bsubl
Minimum | 64.6 || 325 || 17604.72 || 2001511 |[ 123 |[ 119 177 |
Avg - 2 Std. Deviations | N/A | N/A || N/A || NA[L NAJ NAJL NA|
Avg - 1 Std. Deviations | 56.4 || 2438 || 13784.93 || 15919.06 || 109 | 109 155 |
Average | 82.8 || 53.5 || 27764.42 || 30829.98 || 152 || 146 | 227
Avg + 1 Std. Deviations | 103.0 || 82.8 || 4174391 || 4560303 || 185 176 283 ]
Avg + 2 Std. Deviations | 120.0 || 1125 || 55723.40 || 6030475 || 213 |[ 202 33.0|
Maximum | 121.9 || 115.9 || 57327.90 || 6198891 || 216 |[ 204 | 335 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 884.00 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4NGXPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
A B
No Damage Speed (mph): Average [ 3239 | | 997 |
Energy Crush Depth (inches): 7.36 Minimum [ 2504 | | 571 |
Damage Length (inches): [__525 | Maximum [ 4948 | | 2295 |
Crush Profile Measurements: [____ 6] Std. Devation [ 858 | | 60.7 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinches [_oo0] 1 | 1 | 1 |
10.50 35.18 223 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 101.85 ] | 500 | [ 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | [ 12233 | 584 | | 71447 ] | 2609 | [ 319174 |
C4 (inches)
| 1050 | | 0135 | | 442 ] | 403.69 | | 3637 | [ 332220
D — 1 | 1 | 1 |
10.50 35.70 227 80.92 45.50 1624.35
co(nches [_omo] 1 | 1 | 1 |
e 1 | 1 | 1 |
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches): 736
Average KE Closing
Results Force Damage Speed  DeltaV ~ Speed
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH)
Minimum [ 2504 | 57.1 || 17604.72 | 18969.79 || 123 ][ 126 |[ 245
Avg - 2 Std. Deviations [ 1523 ][ -217]] N/A [ NAllL Nall Nall na]
Avg - 1 Std. Deviations [ 2381 || 39.0 |[ 13784.93 || 1665557 |[ 115 | 115][ 224
Average | 3239 | 99.7 |[ 27764.42 || 2758142 |[ 148 ][ 155][ 300
Avg + 15td. Deviations [ 409.7 | 1604 || 4174391 || 3937258 || 177 ][ 187 36.2]
Avg + 2 Std. Deviations [ 495.5 || 2211 | 55723.40 | 5131636 || 202 | 214][ 415]
Maximum | 4948 || 2295 | 57327.90 | 5244946 |[ 204 || 216 |[ 421
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 386.40

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_om0] 1 | 1 | 1 |
20.00 50.00 1.67 83.33 13.33 666.67
C2 (inches)
| 20.00 | [ 207.00 ] | 564 | [ 116663 | | 3172 | [ 6566.67 |
C3 (inches) -_15.70
| 2000 | [ 320.00] | 800 | [ 256030 | 50.06 | [ 16020.00 |
C4 (inches)
| 2000 | [ 235.00] | 617 | [ 144963 ] | 6871 | [ 16146.67 |
Colinches) L1201 1 | 1 | 1 |
20.00 72.00 2.40 172.80 86.67 6240.00
co(nches [_om0] 1 | 1 | 1 |
e 1 | 1 | 1 |
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 64.6 || 32.5 || 17604.72 | 2001511 || 123 ][ 119]|[ 177
Avg - 2 Std. Deviations [ N/A | N/A | N/A || (7N | 7N | 7N 7N
Avg - 1 Std. Deviations [ 56.4 |[ 248 [ 13784.93 || 15919.06 |[ 109 ][ 109 ][ 155]
Average | 82.8 || 53.5 || 27764.42 || 3082998 |[ 152 ][ 146 ][ 227]
Avg + 15td. Deviations [ 103.0 || 828 || 4174391 || 45603.03 |[ 185 |[ 176 ][ 283]
Avg + 2 Std. Deviations [ 120.0 || 1125 || 55723.40 | 6030475 || 213 ][ 202][ 33.0]
Maximum | 121.9 || 115.9 || 57327.90 | 6198891 |[ 216 |[ 204 ][ 335]

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 884.00

3
Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 1

Impala Stiffness Values from NHTSA Tests =
AVERAGE CRUSH

Crush Measurement Spacing = NON-EQUAL

Lever Arm and Angle = NO

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds):
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?)
Angle Coll Force to Normal (degrees): "Known" Stiffness Values . .

No Damage Speed (mph): Average | 3239 | | 99.7 |

Energy Crush Depth (inches): Minimum | 2504 | | 57.1 |

Damage Length (inches): @ Maximum | 4948 | | 2295 |

Crush Profile Measurements: El Std. Devation | 858 | | 607 |

Unequal Zone Area Zone Area

Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)

€1 (inches (inches) (inches?) (inches) (inches®) (inches) (inches®)
O (inches) [ 980] | 17.70 | | 84.96 | | 3.20 | | 271.87 | | 11.80 | |  1002.53 |
3 (inchey [ 1230] | 460 | | 50.37 | | 550 | | 27717 | | 6.99 | | 352.31 |
| 1070 | | 11449 | | 539 | | 617.09 | | 2648 | | 3032.08 |

C4 (inches)
5 (inches) [ aaa] | 12.20 | | 82.35 | | 351 | | 289.16 | | 4199 | [ 3458.05 |
6 (inches [ 000 ] | 7.10 | | 15.62 | | 147 | | 2291 | | 30.77 | | 480.58 |
e e e e T
G lnches L1 | | | | | |
e | | | | | |
C10 (inches) ]

Average Crush (inches):

Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 250.4 || 57.1 || 16477.51 || 16683.88 || 115 134 | 26.0 |
Avg - 2 Std. Deviations | 152.3 || -21.7 || 209.07 || N/A || N/A | 1.2 || 24 |
Avg - 1 Std. Deviations | 238.1 || 39.0 || 13008.32 || 1487259 || 109 || 122 238
Average | 323.9 || 99.7 || 25807.57 || 2396189 || 138 | 164 318 |
Avg + 1 Std. Deviations | 409.7 || 160.4 || 38606.81 || 3391319 || 164 || 197 384
Avg + 2 Std. Deviations | 4955 || 2211 || 51406.06 || 4401654 || 187 |[ 226 | 440 |
Maximum | 494.8 || 229.5 || 52848.50 || 4493585 || 189 |[ 229 ([ 445 |
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)

Area of Damage (inches?): [ 347.79 |

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-030201SC02301
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 19.80 | | 10890 | | 367 | | 399.30 | | 13.20 | | 143748 |
(nches) [ 12001, | | | | | |
1.30 13.85 533 73.75 1.94 26.90
C3 (inches)
| 1090 | | 18857 | | 912 | | 172015 | | 2799 | | 527714 |
C4 (inches)
| 17.20 | |  413.66 | | 1203 | | 497444 | | 60.17 | | 24890.01 |
C5 (inches)
| 960 | [ 21072 | | 11200 | [ 231813 | | 4307 | | 9074.69 |
C6 (inches)
| 1060 | | 17649 | | 844 | [ 149031 | | 57.93 | | 10224.76 |
C7 (inches)
| 31.00 | | 204.60 | | 440 | | 900.24 | | 196.33 | [ 40169.80 |
s inches) [_aoo], | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl
Minimum | 51.8 || 211 | 1647751 || 2707224 || 143 |[ 126 | 143 |
Avg - 2 Std. Deviations | 31 || 0.1 || 209.07 || 955.87 || 2.7 || 1.2 || 0.9 |
Avg - 1 Std. Deviations | 4556 || 16.3 || 13008.32 || 21644.05 || 128 |[ 115 1256 |
Average | 66.0 || 34.2 || 25807.57 || 4157813 || 177 |[ 154 | 18.2 |
Avg + 1 Std. Deviations | 818 || 524 || 38606.81 || 6135114 |[ 215 | 186 |[ 226 |
Avg + 2 Std. Deviations | 95.1 || 70.8 || 51406.06 || 81040.09 || 247 | 213 26.2 |
Maximum | 96.4 || 729 || 52848.50 || 83255.22 || 250 [ 216 266 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 1316.79 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds}: PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds):
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?)
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
No Damage Speed (mph): Average [ A323.9 i i 99.7 |
Energy Crush Depth (inches): Minimum [ 2504 | | 571
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | a5 | | 607 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
CLiinches) - (inches) (inches?) (inches) (inches®) (inches) (inches®)
2 (inches | 17.70 | | 84.96 | [ 320 | | 271.87 | | 11.80 | [ 1002.53 |
3 (nches) [ Tz30] | 4.60 | | 5037 | | 550 | [ 27717 | | 6.99 | | 35231 |
| 1070 | [ 11449 | 539 | | 617.09 | | 2648 | [ 3032.08 |
C4 (inches)
5 (nchesy [ aa0] | 12.20 | | 8235 | | 351 ] | 289.16 | | 41.99 | [ 345805 |
6 (inches | 710 | | 15.62 | [ 147 | | 2201 | | 30.77 | | 48058 |
crnae ) —— —— —— —— ——
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Results A:zrri?ae Damage SpKeid Delta V Csls::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum [ 2504 | 57.1 || 16477.51 || 16683.88 || 115 134 260
Avg - 2 Std. Deviations [ 1523 ]| 217 || 209.07 || NAJL Nall 12 24
Avg - 1 Std. Deviations [ 2381 || 39.0 || 13008.32 || 1487259 || 109 |[ 122]|[ 238
Average | 3239 | 99.7 |[ 25807.57 || 23961.89 |[ 138 ][ 164 ][ 318]
Avg + 15td. Deviations [ 409.7 | 1604 || 38606.81 || 3391319 |[ 164 ][ 197 ][ 384]
Avg + 2 Std. Deviations [ 4955 || 2211 |[ 5140606 |[ 4401654 |[ 187 |[ 226 | 440]
Maximum | 494.8 | 2295 | 52848.50 | 4493585 |[ 189 |[ 229 |[ 445
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 341.79

Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301

4NG6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_om0] 1 | 1 | 1 |
19.80 108.90 3.67 399.30 13.20 143748
2(nches [ 11001 1 | 1 | 1 !
1.30 13.85 533 73.75 1.94 26.90
C3 (inches)
| 1090 | [ 18857 | 912 | [ 172015 | 2799 | [ 527714 ]
C4 (inches)
| 17.20 | [ 41366 | | 1203 | [ 497444 | 60.17 | [ 24890.01 |
C5 (inches)
| 960 | [ 21072 ] | 11.00 | [ 231813 | | 43.07 | [ 907469 |
C6 (inches)
| 1060 | [ 17649 ] | 844 | [ 149031 ] | 57.93 | [ 1022476 |
C7 (inches)
| 31.00 | [ 204.60 | | 440 | | 900.24 | | 19633 | [ 40169.80 |
s (nches [_oo0] 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 51.8 || 211 | 16477.51 | 2707224 || 143 ][ 126 ]| 143
Avg - 2 Std. Deviations [ 3.1 ] 04 |] 209.07 || 955.87 || 27 ][ 1.2 | 0.9 |
Avg - 1 Std. Deviations [ 45.6 || 16.3 || 1300832 ] 2164405 || 128 ][ 115][ 126
Average | 66.0 |[ 34.2 || 25807.57 || 4157813 [ 177 |[ 154 |[ 182
Avg + 15td. Deviations [ 818 || 524 || 38606.81 || 6135114 || 215][ 186 | 226 ]
Avg + 2 Std. Deviations [ 95.1 |[ 70.8 || 51406.06 || 8104009 || 247 ][ 213][ 262
Maximum | 96.4 |[ 72.9 |[ 52848.50 | 8325522 || 250 | 216 266

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 1316.79

3
Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 2

Impala Stiffness Values from NHTSA Tests =
AVERAGE CRUSH

Crush Measurement Spacing = EQUAL

Lever Arm and Angle = NO

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

A B
No Damage Speed (mph): Average | 3239 | | 99.7 |
Energy Crush Depth (inches): Minimum | 2504 | | 571 |
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | 858 | | 607 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
10.50 35.18 2.23 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 10185 | | 5.00 | | 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | | 12233 | | 584 | | 714.47 | | 2609 | [ 319174 |
C4 (inches)
| 10.50 | | 91.35 | | 442 | | 403.69 | | 36.37 | | 3322.20 |
€0 (inches) L—22| | | | | | |
10.50 35.70 2.27 80.92 45.50 1624.35
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 250.4 || 57.1 || 17604.72 || 18969.79 || 123 || 130 254 |
Avg - 2 Std. Deviations [ 1523 || -21.7 ] N/A | NAJL NAf NA[ NA]
Avg - 1 Std. Deviations | 238.1 || 39.0 || 13784.93 || 1665557 || 115 119 231 |
Average | 323.9 || 99.7 || 27764.42 || 2758142 || 148 |[ 160 311 |
Avg + 1 Std. Deviations | 409.7 || 160.4 || 41743.91 || 3937258 || 177 || 193] 376
Avg + 2 Std. Deviations | 4955 || 2211 || 55723.40 || 5131636 || 202 || 222 431
Maximum |__ 4948 || 2295 ||  57327.90 || 5244946 || 204 || 225 | 436 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 386.40 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Appendix 3-12
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
31.20 65.52 1.40 91.73 20.80 1362.82
C2 (inches)
| 31.20 | [ 347.88 | | 630 | | 219060 | | 50.04 | | 17408.35 |
C3 (inches)
| 31.20 | | 57720 | | 925 | | 533993 | | 7811 | | 45086.50 |
C4 (inches)
| 31.20 | | 397.80 | | 6.87 | [ 273265 | | 106.69 | | 42441.98 |
C5 (inches)
| 31.20 | | 102.96 | | 2.20 | | 226.51 | | 135.20 | [ 13920.19 |
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ftlbs)  (mph) (mph) bsubl
Minimum | 39.9 || 194 || 17604.72 || 2263180 || 130 [ 123 171 |
Avg - 2 Std. Deviations | N/A | N/A || N/A || NA[L NAJ NAJL NA|
Avg - 1 Std. Deviations | 349 || 148 || 13784.93 || 17953.25 || 116 || 112 150
Average | 51.2 || 319 || 27764.42 || 3500549 || 162 || 151 219 |
Avg + 1 Std. Deviations | 63.6 || 493 || 41743.91 || 5193636 || 198 || 182 273
Avg + 2 Std. Deviations | 74.2 || 67.0 || 55723.40 || 68804.44 || 227 | 209 | 318|
Maximum | 75.3 || 69.0 || 57327.90 || 7073764 || 231 | 212 323 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 149136 |

@ [337476 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2 4NG6XPRT StifCalcs® Force Balance - Page 2 of 2
2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact 1995 CADILLAC ELDORADO - Side Impact
: . PDOF i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches): Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _ Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): [__3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92 Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees): "Known" Stiffness Values Angle Coll Force to Normal (degrees):
A B
No Damage Speed (mph wenge [ 388 [ 557] No Damage Speed (mph
Energy Crush Depth (inches): 7.36 Minimum [ 2504 | | 571 Energy Crush Depth (inches):
Damage Length (inches): @ Maximum [ 29438 | | 2295 | Damage Length (inches):
Crush Profile Measurements: El Std. Devation | 85 | | 607 | Crush Profile Measurements: El
Equal Zone Area Zone Area Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y) Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®) (inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinches [_oo0] 1 | 1 | 1 | Cinchey [_om0] 1 | 1 | 1 |
10.50 3518 223 78.56 7.00 246.23 31.20 65.52 140 91.73 20.80 1362.82
C2 (inches) C2 (inches)
| 1050 | [ 101.85 ] | 500 | [ 509.72 | | 1629 | [ 1659.26 | | 3120 | [ 347.88 ] | 630 | [ 219060 | | 50.04 | [ 1740835 |
C3 (inches) C3 (inches)
| 1050 | [ 12233 | 584 | | 71447 ] | 2609 | [ 319174 | | 3120 | [ 577.20] | 925 | [ 533993 ] | 7811 | [ 45086.50 |
C4 (inches) C4 (inches)
| 1050 | | 0135 | | 442 ] | 403.69 | | 3637 | [ 332220 | 3120 | [ 397.80 | | 6.87 | [ 273265 ] | 106.69 | [ 4244198 |
D — 1 | 1 | 1 | Cnches) [0 ], 1 | 1 | 1 |
10.50 35.70 227 80.92 45.50 1624.35 31.20 102.96 220 226.51 135.20 13920.19
co(nches [_omo] 1 | 1 | 1 | co(nches [_om0] 1 | 1 | 1 |
e 1 | 1 | 1 | e 1 | 1 | 1 |
R — 1 | 1 | 1 | R — 1 | 1 | 1 |
i — 1 | 1 | 1 ! i — 1 | 1 | 1 !
C10 (inches) C10 (inches)
Average Crush (inches): 736 Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed DeltaV ~ Speed Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH) A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 2504 | 57.1 || 17604.72 | 18969.79 || 123 ][ 130][ 254 Minimum [ 39.9 || 19.4 |[ 17604.72 | 2263180 || 130 ][ 123]|[ 171
Avg - 2 Std. Deviations [ 1523 ][ 217 ] N/A| N/AJL Nal Nal[ NAf Avg - 2 Std. Deviations [ N/A [ N/A | N/A| (7N | 7N | 7N 7N
Avg - 1 Std. Deviations [ 2381 [ 300 ][ 1378403 [[ 1665557 |[ 15[ 110[ 231 Avg - 1 Std. Deviations [ 349 || 148 ][ 1378403 [[ 1795325 |[ me ][ m2[ 1s0]
Average | 3239 | 99.7 |[ 27764.42 || 2758142 |[ 148 ][ 160][ 311 Average | 51.2 || 319 | 27764.42 || 3500549 |[ 162 ][ 151 ][ 219
Avg + 15td. Deviations [ 409.7 || 1604 || 4174391 || 3937258 || 177 |[ 193 |[ 376 | Avg + 15td. Deviations [ 636 || 493 | 4174391 || 5193636 |[ 198 |[ 182 |[ 273
Avg + 2Std. Deviations [ 4955 ][ 2211 ][  s5723.40 [ s131636 |[ 202 ][ 222][ 431] Avg + 2 Std. Deviations [ 742 || 670 ]| 5572340 [[ 6880444 |[ 227 ][ 200][ 318]
Maximum | 4948 || 2295 | 57327.90 | 5244946 |[ 204 |[ 225 436 ] Maximum | 753 | 69.0 |[ 57327.90 | 7073764 |[ 231 ][ 212 ][ 323
Damage Centroid Depth (x) (inches) k2 Damage Centroid Depth (x) (inches) 7.10 k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 386.40 Area of Damage (inches?): 149136
4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to: 4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301 Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 2

Impala Stiffness Values from NHTSA Tests =
AVERAGE CRUSH

Crush Measurement Spacing = NON-EQUAL

Lever Arm and Angle = NO

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

No Damage Speed (mph): Average | A323.9 | | > 99.7 |
Energy Crush Depth (inches): Minimum | 2504 | | 571 |
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | 858 | | 607 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
€1 (inches (inches) (inches?) (inches) (inches®) (inches) (inches®)
O (inches) [ 980] | 17.70 | | 84.96 | | 3.20 | | 271.87 | | 11.80 | |  1002.53 |
3 (inchey [ 1230] | 460 | | 50.37 | | 550 | | 27717 | | 6.99 | | 352.31 |
| 1070 | | 11449 | | 539 | | 617.09 | | 2648 | | 3032.08 |
C4 (inches)
5 (inches) [ aaa] | 12.20 | | 82.35 | | 351 | | 289.16 | | 4199 | [ 3458.05 |
6 (inches [ 000 ] | 7.10 | | 15.62 | | 147 | | 2291 | | 30.77 | | 480.58 |
e ) ) ) ) ) e
e —T | | | | | |
R — | | | | | |
C10 (inches) [ |
Average Crush (inches):
Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 250.4 || 57.1 || 16477.51 || 16683.88 || 115 || 126 | 245 |
Avg - 2 Std. Deviations | 152.3 || -21.7 || 209.07 || N/A || N/A | 1.0 || 2.0 |
Avg - 1 Std. Deviations | 238.1 || 39.0 || 13008.32 || 1487259 || 109 || 115 224
Average | 323.9 || 99.7 || 25807.57 || 23961.89 || 138 |[ 154 | 29.9 |
Avg + 1 Std. Deviations | 409.7 || 160.4 || 38606.81 || 3391319 || 164 || 185 360
Avg + 2 Std. Deviations | 4955 || 2211 || 51406.06 || 4401654 || 187 |[ 212 413 ]
Maximum | 494.8 || 229.5 || 52848.50 || 4493585 || 189 |[ 215 ([ 418 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 347.79 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 29.30 | | 68.86 | | 157 | | 107.87 | | 1953 | | 134497 |
C2 (inches)
| 1830 | [ 130.85 | | 371 | | 486.08 | | 2850 | | 372844 |
C3 (inches)
| 1.30 | | 1196 | | 4.60 | | 55.05 | | 3.24 | | 38.76 |
C4 (inches) | 10 10 ¥ 10 10 |
10.60 147.34 7.26 1069.96 37.75 5561.82
C5 (inches)
| 860 | [ 17243 | | 1003 | [ 173019 | | 3878 | [ 6685.98 |
C6 (inches)
| 1810 | | 37739 | | 1043 | | 393443 | | 99.51 | [ 37555.03 |
C7 (inches)
| 1080 | | 196.02 | | 913 | |  1789.69 | | 69.96 | | 13712.98 |
C8 (inches)
| 3360 | [ 337.68 | | 555 | | 1875.61 | | 24885 | | 84032.26 |
C9 (inches)
| 25.30 | | 55.66 | | 147 | | 8163 | | 210.83 | | 11734.98 |
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl
Minimum | 38.5 || 180 || 16477.51 || 2202579 || 129 |[ 119 165 |
Avg - 2 Std. Deviations | 2.1 || 0.1 || 209.07 || 853.41 || 2.5 || 10 || 0.9 |
Avg - 1 Std. Deviations | 33.7 || 13.9 || 13008.32 || 17596.68 || 115 109 145 |
Average | 49.1 || 29.3 || 25807.57 || 33880.05 || 160 | 145 210 |
Avg + 1 Std. Deviations | 60.9 || 45.2 || 38606.81 || 50063.60 || 194 | 175]| 261 ]
Avg + 2 Std. Deviations | 70.9 || 61.2 || 51406.06 || 6619499 |[ 223 | 200 304 |
Maximum | 720 || 63.1 || 52848.50 || 68010.62 || 226 |[ 203 308 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 149818 ]

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2 4NG6XPRT StifCalcs® Force Balance - Page 2 of 2
2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact 1995 CADILLAC ELDORADO - Side Impact
i . PDOF i . PDOF
Curb Weight (pounds): OF L ever Arm Distance (inches): Curb Weight (pounds): OF  Lever Am Distance (inches):
Occupant + Cargo Weight (pounds): , _ Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): [__3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92 Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees): "Known" Stiffness Values Angle Coll Force to Normal (degrees):
A B
No Damage Speed (mph): Average [ 3239 | | 99.7 | No Damage Speed (mph):
Energy Crush Depth (inches): Minimum [ 2504 | | 571 Energy Crush Depth (inches):
Damage Length (inches): @ Maximum [ 29438 | | 2295 | Damage Length (inches):
Crush Profile Measurements; [ 6] Std. Devation | CEER 607 | Crush Profile Measurements:
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y) Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®) (inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_om0] 1 | 1 | 1 | Cinchey [_om0] 1 | 1 | 1 |
17.70 84.96 320 271.87 11.80 1002.53 29.30 68.86 157 107.87 19.53 1344.97
2 (nches [_980] 1 | 1 | 1 ! 2 (nches [_am0] 1 | 1 | 1 !
4.60 50.37 5.50 277.17 6.99 35231 1830 130.85 371 486.08 28.50 372844
@ (nche [ 32301 1 | 1 | 1 | S nchey [_280] 1 | 1 | 1 |
10.70 114.49 539 617.09 26.48 3032.08 1.30 11.96 4.60 55.05 3.24 38.76
C4 (inches) C4 (inches)
| 12.20 | | 8235 | | 351 | | 289.16 | | 41.99 | [ 345805 | | 1060 | [ 14734 | 726 | [ 1069.96 | | 37.75 | [ 556182 |
Csnches) [_40 ], 1 | 1 | 1 | S nches) [ 1300 ] 1 | 1 | 1 |
7.10 15.62 147 2291 30.77 480.58 8.60 172.43 10.03 1730.19 38.78 6685.98
co(nches [_omo] 1 | 1 | 1 | co(nchey [10] 1 | 1 | 1 |
18.10 377.39 10.43 3934.43 99.51 37555.03
e 1 | 1 | 1 | @7 (nches) [ 20801 1 | 1 | 1 |
10.80 196.02 9.13 1789.69 69.96 1371298
R — 1 | 1 | 1 | s (nchey [ 25701 1 | 1 | 1 |
33.60 337.68 5.55 1875.61 248.85 84032.26
C9(inches) ] €9 (inches)
| ] [ | [ ] [ | [ ] [ | | 2530 | | 55.66 | | 147 | | 81.63 | | 210.83 | [ 1173498 |
C10 (inches) C10 (inches) 0.00
Average Crush (inches): Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed DeltaV ~ Speed Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH) A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 2504 | 57.1 || 16477.51 || 16683.88 || 115 126 245 Minimum [ 385 || 18.0 |[ 16477.51 | 2202579 || 129 ][ 119][ 165
Avg - 2 Std. Deviations [ 1523 ]| 217 || 209.07 || NAJL Nall 0] 20] Avg - 2 Std. Deviations [ 21 [ 01 || 209.07 || 85341 ][ 25][ 10 09
Avg - 1 Std. Deviations [ 2381 || 39.0 || 13008.32 || 1487259 || 109 ][ 115]|[ 224 Avg - 1 Std. Deviations [ 337 || 139 || 13008.32 || 1759668 || 115 ][ 109 |[ 145
Average | 3239 | 99.7 |[ 25807.57 || 23961.89 |[ 138 ][ 154 ][ 299 Average | 49.1 | 203 | 25807.57 || 3388005 |[ 160 ][ 145][ 210]
Avg + 15td. Deviations [ 409.7 || 1604 || 38606.81 || 3391319 || 164 |[ 185 ]|[ 36.0] Avg + 15td. Deviations [ 609 |[ 45.2 |[ 38606.81 || 5006360 |[ 194 ][ 175][ 261
Avg + 25td. Deviations [ 4955 ][ 2211 ][  s51406.06 |[ 4401654 [ 187][ 212][ a413] Avg + 2 Std. Deviations [ 709 [ 612 || 5140606 || 6619499 |[ 223 ][ 200][ 304]
Maximum | 494.8 | 2295 | 52848.50 || 4493585 |[ 189 |[ 215][ 4138 Maximum | 72.0 || 63.1 || 52848.50 || 6801062 || 226 |[  203]|[ 308 ]
Damage Centroid Depth (x) (inches) k2 Damage Centroid Depth (x) (inches) 743 k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 347.79 Area of Damage (inches?): 1498.18
4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to: 4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301 Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 1

Impala Stiffness Values from NHTSA Tests =
AVERAGE CRUSH

Crush Measurement Spacing = EQUAL

Lever Arm and Angle = YES

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
A B
No Damage Speed (mph): Average | 3239 | | 99.7 |
Energy Crush Depth (inches): Minimum | 2504 | | 571 |
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | 858 | | 607 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_000] | | | | | |
10.50 35.18 223 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 10185 | | 5.00 | | 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | | 12233 | | 584 | | 714.47 | | 2609 | [ 319174 |
C4 (inches)
| 10.50 | | 91.35 | | 442 | | 403.69 | | 36.37 | | 3322.20 |
e (nches) 22| | | | | | |
10.50 35.70 2.27 80.92 45.50 1624.35
Co(inches) [_om0] | | | | | |
@ tinchess L1 | | | | | |
Gnches L1 | | | | | |
estinches L1 | | | | | |
C10 (inches) [ |

Average Crush (inches):

Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 250.4 || 57.1 || 17604.72 || 18969.79 || 123 || 124 | 27.0|
Avg - 2 Std. Deviations [ 1523 || -21.7 ] N/A | NAJL NAf NA[ NA]
Avg - 1 Std. Deviations | 2381 || 390 || 1378493 || 1665557 |[ 115 | 114 247 |
Average | 323.9 || 99.7 || 27764.42 || 2758142 || 148 |[ 152 [ 331 |
Avg + 1 Std. Deviations | 409.7 || 160.4 || 41743.91 || 3937258 || 177 || 184 | 399
Avg + 2 Std. Deviations | 4955 || 2211 || 55723.40 || 5131636 || 202 || 211 458 ]|
Maximum | 494.8 || 229.5 || 57327.90 || 5244946 || 204 || 213 || 463 |
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)

Area of Damage (inches?): [ 386.40 |

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-030201SC02301
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
20.00 50.00 1.67 83.33 13.33 666.67
C2 (inches)
| 2000 | |  207.00 | | 564 | | 1166.63 | | 31.72 | | 6566.67 |
C3 (inches)
| 2000 | [ 32000 | | 800 | [ 256030 | | 50.06 | | 16020.00 |
C4 (inches)
| 2000 | | 235.00 | | 617 | | 144963 | | 68.71 | | 16146.67 |
€0 (inches) L—22| | | | | | |
20.00 72.00 2.40 172.80 86.67 6240.00
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ftlbs)  (mph) (mph) bsubl
Minimum | 59.6 | 277 || 17604.72 || 2331814 || 132 ([ 117 || 164 |
Avg - 2 Std. Deviations | N/A || 0.0 || N/A | 51068 [| 20| N/AJ[  N/A|
Avg - 1 Std. Deviations | 52.0 || 211 || 13784.93 || 18572.82 || 118 || 107 143 ]
Average | 76.5 || 45.7 || 27764.42 || 3584094 || 164 || 144 ]| 210 |
Avg + 1 Std. Deviations | 954 || 71.0 || 41743.91 || 5293828 || 199 || 173 262 ]
Avg + 2 Std. Deviations | 111.2 || 96.6 || 55723.40 || 69947.21 || 229 |[ 199 | 30 |
Maximum | 1129 || 99.5 || 57327.90 || 7189540 |[ 232 |[ 201 [ 310 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 884.00 |

@ [337476 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4NGXPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
A B
No Damage Speed (mph): Average | 3239 | | 99.7 |
Energy Crush Depth (inches): 7.36 Minimum [ 2504 | | 571 |
Damage Length (inches): [__525 | Maximum [ 4948 | | 2295 |
Crush Profile Measurements: [____ 6] Std. Devation [ 858 | | 60.7 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinches [_oo0] 1 | 1 | 1 |
10.50 35.18 223 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 101.85 ] | 500 | [ 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | [ 12233 | 584 | | 71447 ] | 2609 | [ 319174 |
C4 (inches)
| 1050 | | 0135 | | 442 ] | 403.69 | | 3637 | [ 332220
D — 1 | 1 | 1 |
10.50 35.70 227 80.92 45.50 1624.35
co(nches [_omo] 1 | 1 | 1 |
e 1 | 1 | 1 |
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches): 736
Average KE Closing
Results Force Damage Speed  DeltaV ~ Speed
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH)
Minimum [ 2504 || 57.1 || 17604.72 | 18969.79 || 123 ][ 124 ][ 270]
Avg - 2 Std. Deviations [ 1523 ][ -217]] N/A [ NAlL Nall nall na]
Avg - 1 Std. Deviations [ 238.1 | 39.0 |[ 13784.93 || 1665557 | 115 ][ 114 ][ 247
Average | 323.9 || 99.7 |[ 27764.42 || 2758142 |[ 148 ][ 152 ][ 331]
Avg + 15td. Deviations [ 409.7 | 1604 || 4174391 || 3937258 || 177 ][ 184 399
Avg + 2 Std. Deviations [ 495.5 || 2211 | 55723.40 || 5131636 || 202 | 211][ 458]
Maximum | 4948 || 2295 | 57327.90 | 52449.46 |[ 204 || 213 ][ 463 ]
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 386.40

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_om0] 1 | 1 | 1 |
20.00 50.00 1.67 83.33 13.33 666.67
C2 (inches)
| 20.00 | [ 207.00 ] | 564 | [ 116663 | | 3172 | [ 6566.67 |
C3 (inches) -_15.70
| 2000 | [ 320.00] | 800 | [ 256030 | 50.06 | [ 16020.00 |
C4 (inches)
| 2000 | [ 235.00] | 617 | [ 144963 ] | 6871 | [ 16146.67 |
Colinches) L1201 1 | 1 | 1 |
20.00 72.00 2.40 172.80 86.67 6240.00
co(nches [_om0] 1 | 1 | 1 |
e 1 | 1 | 1 |
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 59.6 || 27.7 || 17604.72 | 2331814 || 132|[ 117]|[ 164 ]
Avg - 2 Std. Deviations [ N/A | 00 || N/A [ 51068 ][ 20 wNal[ waj
Avg - 1 Std. Deviations [ 52.0 || 211 || 13784.93 || 1857282 || 118 107][ 143
Average | 76.5 |[ 457 | 27764.42 || 3584094 |[ 164 ][ 144 ][ 210]
Avg + 15td. Deviations [ 954 || 710 || 4174391 || 5293828 || 199 |[ 173 ][ 262
Avg + 2 Std. Deviations [ 1112 | 966 || 5572340 [ 6994721 |[ 229 ][ 199 306]
Maximum | 112.9 || 99.5 |[ 57327.90 | 7189540 |[ 232 ][ 201 ][ 31.0]

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 884.00

3
Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 1

Impala Stiffness Values from NHTSA Tests =
AVERAGE CRUSH

Crush Measurement Spacing = NON-EQUAL

Lever Arm and Angle = YES

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

No Damage Speed (mph): Average | A323.9 | | > 99.7 |
Energy Crush Depth (inches): Minimum | 2504 | | 571 |
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | 858 | | 607 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
€1 (inches (inches) (inches?) (inches) (inches®) (inches) (inches®)
O (inches) [ 980] | 17.70 | | 84.96 | | 3.20 | | 271.87 | | 11.80 | |  1002.53 |
3 (inchey [ 1230] | 460 | | 50.37 | | 550 | | 27717 | | 6.99 | | 352.31 |
| 1070 | | 11449 | | 539 | | 617.09 | | 2648 | | 3032.08 |
C4 (inches)
5 (inches) [ aaa] | 12.20 | | 82.35 | | 351 | | 289.16 | | 4199 | [ 3458.05 |
6 (inches [ 000 ] | 7.10 | | 15.62 | | 147 | | 2291 | | 30.77 | | 480.58 |
e ) ) ) ) ) e
e —T | | | | | |
R — | | | | | |
C10 (inches) [ |
Average Crush (inches):
Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 250.4 || 57.1 || 25607.60 || 16683.88 || 115 || 122 265 |
Avg - 2 Std. Deviations [ 1523 || -21.7 ] N/A | NAJL NAf NA[ NA]
Avg - 1 Std. Deviations | 2381 || 390 || 1924429 || 1487259 |[ 109 | 111 241 |
Average | 323.9 || 99.7 || 41749.26 || 23961.89 || 138 |[ 150 325 |
Avg + 1 Std. Deviations | 409.7 || 160.4 || 64254.23 || 3391319 || 164 || 181 393 ]
Avg + 2 Std. Deviations | 4955 || 2211 || 86759.20 || 4401654 || 187 |[ 207 || 45.0 |
Maximum | 494.8 || 229.5 || 89544.77 || 4493585 || 189 |[ 210 [ 456 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 347.79 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 19.80 | | 10890 | | 367 | | 399.30 | | 13.20 | | 143748 |
(nches) [ 12001, | | | | | |
1.30 13.85 533 73.75 1.94 26.90
C3 (inches)
| 1090 | | 18857 | | 912 | | 172015 | | 2799 | | 527714 |
C4 (inches)
| 17.20 | |  413.66 | | 1203 | | 497444 | | 60.17 | | 24890.01 |
C5 (inches)
| 960 | [ 21072 | | 11200 | [ 231813 | | 4307 | | 9074.69 |
C6 (inches)
| 1060 | | 17649 | | 844 | [ 149031 | | 57.93 | | 10224.76 |
C7 (inches)
| 31.00 | | 204.60 | | 440 | | 900.24 | | 196.33 | [ 40169.80 |
s inches) [_aoo], | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl
Minimum | 40.9 || 13.1 || 25607.60 || 24007.84 || 134 |[ 115 113 |
Avg - 2 Std. Deviations | N/A | N/A || N/A || NA[L NAJ NAJL NA|
Avg - 1 Std. Deviations | 35.2 || 9.7 || 19244.29 || 1867859 || 118 || 105 || 9.7 |
Average | 52.8 || 21.8 || 41749.26 || 3725803 || 167 || 141 146 |
Avg + 1 Std. Deviations | 66.0 || 341 || 64254.23 || 5538345 || 204 | 171 182]
Avg + 2 Std. Deviations | 77.0 || 46.5 || 86759.20 || 7328521 || 235 | 196 | 212 |
Maximum | 783 || 48.0 || 89544.77 || 75490.18 || 238 |[ 198 | 216 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 1316.79 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

4NG6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_omo] 1 | 1 | 1 |
19.80 108.90 3.67 399.30 13.20 143748
2(nches [ 21001 1 | 1 | 1 !
1.30 13.85 533 73.75 1.94 26.90
C3 (inches)
| 1090 | [ 18857 | 912 | [ 172015 | 2799 | [ 527714 ]
C4 (inches)
| 17.20 | [ 413.66 | | 12.03 | [ 497444 | | 60.17 | [ 24890.01 |
Csinches) [ B0, 1 | 1 | 1 |
9.60 210.72 11.00 231813 43.07 9074.69
C6 (inches)
| 1060 | [ 17649 | | 844 | [ 149031 ] | 57.93 | [ 1022476 |
C7 (inches)
| 31.00 | [ 204.60 | | 440 | [ 900.24 | | 19633 | [ 40169.80 |
s (nches [_oo0] 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 40.9 |[ 13.1 || 25607.60 || 24007.84 || 134 ][ 15[ 113
Avg - 2 Std. Deviations [ N/A | N/A | N/A || (7N | 7N | 7N 7N
Avg - 1 Std. Deviations [ 35.2 || 97 ][ 1924429 |[ 1867859 |[ 118 ][ 105][ 97]
Average | 52.8 || 218 || 41749.26 || 3725803 |[ 167 ][ 141 ][ 146
Avg + 15td. Deviations [ 66.0 || 341 || 64254.23 || 5538345 |[ 204 |[ 171 ][ 182]
Avg + 2 Std. Deviations [ 77.0 || 46.5 || 86759.20 || 7328521 || 235 196 212
Maximum | 783 | 48.0 || 89544.77 || 7549018 |[ 238 198 ][ 216

Curb Weight (pounds}: PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds):
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?)
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
No Damage Speed (mph): Average [ A323.9 i i 99.7 |
Energy Crush Depth (inches): Minimum [ 2504 | | 571
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | a5 | | 607 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
CLiinches) - (inches) (inches?) (inches) (inches®) (inches) (inches®)
2 (nches) | 17.70 | | 84.96 | [ 320 ] | 271.87 | | 11.80 | [ 100253 |
3 (nches) [ Tz30] | 4.60 | | 5037 | [ 550 | [ 27717 ] | 6.99 | | 35231 |
| 1070 | [ 11449 | 539 | | 617.09 | | 2648 | [ 3032.08 |
C4 (inches)
5 (nchesy [ aa0] | 12.20 | | 8235 | | 351 | | 289.16 | | 41.99 | [ 345805 |
6 (inches | 710 | | 15.62 | | 147 | | 2291 | | 3077 | | 480.58 |
crnae ) —— —— —— —— ——
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Results A:zrri?ae Damage SpKeid Delta V Cslg::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum [ 2504 | 57.1 || 25607.60 || 16683.88 || 115 122 265
Avg - 2 Std. Deviations [ 1523 ][ -217] N/A [ NAllL Nall Nall na]
Avg - 1 Std. Deviations [ 2381 || 39.0 || 19244.29 || 1487259 || 109 |[ 111 |[ 241
Average | 323.9 | 99.7 || 41749.26 || 23961.89 |[ 138 ][ 150][ 325]
Avg + 15td. Deviations [ 409.7 | 1604 || 64254.23 || 3391319 |[ 164 ][ 181 ][ 393]
Avg + 2 Std. Deviations [ 495.5 || 2211 || 86759.20 || 4401654 || 187 ][ 207 |[ 450
Maximum | 494.8 | 2295 | 89544.77 || 4493585 |[ 189 |[ 21.0][ 456 |
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 341.79

Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 1316.79

3
Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 2

Impala Stiffness Values from NHTSA Tests =
AVERAGE CRUSH

Crush Measurement Spacing = EQUAL

Lever Arm and Angle = YES

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

A B
No Damage Speed (mph): Average | 3239 | | 99.7 |
Energy Crush Depth (inches): Minimum | 2504 | | 571 |
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | 858 | | 607 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
10.50 35.18 2.23 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 10185 | | 5.00 | | 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | | 12233 | | 584 | | 714.47 | | 2609 | [ 319174 |
C4 (inches)
| 10.50 | | 91.35 | | 442 | | 403.69 | | 36.37 | | 3322.20 |
€0 (inches) L—22| | | | | | |
10.50 35.70 2.27 80.92 45.50 1624.35
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 250.4 || 57.1 || 17604.72 || 18969.79 || 123 || 129 | 280 |
Avg - 2 Std. Deviations [ 1523 || -21.7 ] N/A | NAJL NAf NA[ NA]
Avg - 1 Std. Deviations | 238.1 || 39.0 || 13784.93 || 1665557 || 115 117]|| 255
Average | 323.9 || 99.7 || 27764.42 || 2758142 || 148 |[ 158 [ 343 |
Avg + 1 Std. Deviations | 409.7 || 160.4 || 41743.91 || 3937258 || 177 || 191 || 415
Avg + 2 Std. Deviations | 4955 || 2211 || 55723.40 || 5131636 || 202 || 219 476 |
Maximum |__ 4948 || 2295 ||  57327.90 || 5244946 || 204 || 222 || 482 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 386.40 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
31.20 65.52 1.40 91.73 20.80 1362.82
C2 (inches)
| 31.20 | [ 347.88 | | 630 | | 219060 | | 50.04 | | 17408.35 |
C3 (inches)
| 31.20 | | 57720 | | 925 | | 533993 | | 7811 | | 45086.50 |
C4 (inches)
| 31.20 | | 397.80 | | 6.87 | [ 273265 | | 106.69 | | 42441.98 |
C5 (inches)
| 31.20 | | 102.96 | | 2.20 | | 226.51 | | 135.20 | [ 13920.19 |
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ftlbs)  (mph) (mph) bsubl
Minimum | 36.9 || 16.6 || 17604.72 || 26327.06 || 141 |[ 122 158 |
Avg - 2 Std. Deviations | N/A | N/A || N/A || NA[L NAJ NAJL NA|
Avg - 1 Std. Deviations | 32.2 || 126 || 13784.93 || 2091099 |[ 125 111 138 |
Average | 473 || 27.3 || 27764.42 || 4064567 || 175 |[ 149 [ 203 |
Avg + 1 Std. Deviations | 58.9 || 423 || 41743.91 || 6022999 |[ 213 |[ 180 253
Avg + 2 Std. Deviations | 68.7 || 57.5 || 55723.40 || 7973648 || 245 | 207 || 295 |
Maximum | 69.8 || 59.3 || 57327.90 || 8197182 || 248 |[ 209 | 29.9 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 149136 |

@ [337476 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2 4NG6XPRT StifCalcs® Force Balance - Page 2 of 2
2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact 1995 CADILLAC ELDORADO - Side Impact
i . PDOF i . PDOF
Curb Weight (pounds): OF L ever Arm Distance (inches): Curb Weight (pounds): OF  Lever Am Distance (inches):
Occupant + Cargo Weight (pounds): , _ Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): [__3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92 Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees): "Known" Stiffness Values Angle Coll Force to Normal (degrees):
A B
No Damage Speed (mph): Average [ 3239 | | 99.7 | No Damage Speed (mph):
Energy Crush Depth (inches): 7.36 Minimum [ 2504 | | 571 Energy Crush Depth (inches):
Damage Length (inches): @ Maximum [ 29438 | | 2295 | Damage Length (inches):
Crush Profile Measurements; [ 6] Std. Devation | CEER 607 | Crush Profile Measurements: [ 6]
Equal Zone Area Zone Area Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y) Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®) (inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinches [_oo0] 1 | 1 | 1 | Cinches [_om0] 1 | 1 | 1 |
10.50 35.18 223 78.56 7.00 246.23 31.20 65.52 140 91.73 20.80 1362.82
C2 (inches) C2 (inches)
| 1050 | [ 101.85 ] | 500 | [ 509.72 | | 1629 | [ 1659.26 | | 3120 | [ 347.88 | | 630 | [ 219060 ] | 50.04 | [ 1740835 |
C3 (inches) C3 (inches)
| 1050 | [ 12233 | 584 | | 71447 ] | 2609 | [ 319174 | | 3120 | [ 577.20] | 925 | [ 533993 ] | 7811 | [ 45086.50 |
C4 (inches) C4 (inches)
| 1050 | | 0135 | | 442 ] | 403.69 | | 3637 | [ 332220 | 3120 | [ 397.80 | | 6.87 | [ 273265 ] | 106.69 | [ 4244198 |
D — 1 | 1 | 1 | Cslnches) [0 ], 1 | 1 | 1 |
10.50 35.70 227 80.92 45.50 162435 31.20 102.96 220 226.51 135.20 13920.19
co(nches [_omo] 1 | 1 | 1 | co(nches [_om0] 1 | 1 | 1 |
e 1 | 1 | 1 | e 1 | 1 | 1 |
R — 1 | 1 | 1 | R — 1 | 1 | 1 |
i — 1 | 1 | 1 ! i — 1 | 1 | 1 !
C10 (inches) C10 (inches)
Average Crush (inches): 736 Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed DeltaV ~ Speed Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH) A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 2504 | 57.1 || 17604.72 | 18969.79 || 123 ][ 1209]|[ 280 Minimum [ 36.9 || 16.6 || 17604.72 | 26327.06 || 141 ][ 122 158
Avg - 2 Std. Deviations [ 1523 ][ 217 ] N/A| N/AJL Nal Nal[ NAf Avg - 2 Std. Deviations [ N/A [ N/A | N/A| (7N | 7N | 7N 7N
Avg - 1 Std. Deviations [ 2381 || 39.0 || 13784.93 || 1665557 |[ 115 ][ 117 ][ 255 Avg - 1 Std. Deviations [ 32.2 || 12.6 || 13784.93 || 2091099 |[ 125 111 ][ 138]
Average | 323.9 | 99.7 || 27764.42 || 2758142 |[ 148 ][ 158 343] Average | 473 | 273 || 27764.42 || 4064567 || 175 |[ 149 |[ 203 ]
Avg + 15td. Deviations [ 409.7 || 1604 || 4174391 || 3937258 || 177 [ 102 |[ 415 Avg + 15td. Deviations [ 58.9 | 423 | 4174391 || 60229.99 || 213 |[ 180]|[ 253
Avg + 25td. Deviations [ 4955 ][ 2211 |[ 5572340 ][ 5131636 |[ 202 [ 219][ 476] Avg + 2 Std. Deviations [ 68.7 || 575 |[ 5572340 |[ 7973648 || 245][ 207 ][ 295]
Maximum | 494.8 | 2295 | 57327.90 || 5244946 |[ 204 |[ 222 ][ 482 ] Maximum | 69.8 |[ 59.3 [ 57327.90 | 8197182 || 248 ][ 209][ 299
Damage Centroid Depth (x) (inches) k2 Damage Centroid Depth (x) (inches) 7.10 k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 386.40 Area of Damage (inches?): 1491.36
4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to: 4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301 Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 2

Impala Stiffness Values from NHTSA Tests =
AVERAGE CRUSH

Crush Measurement Spacing = NON-EQUAL

Lever Arm and Angle = YES

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

No Damage Speed (mph): Average | A323.9 | | > 99.7 |
Energy Crush Depth (inches): Minimum | 2504 | | 571 |
Damage Length (inches): @ Maximum | 4948 | | 2295 |
Crush Profile Measurements: El Std. Devation | 858 | | 607 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
€1 (inches (inches) (inches?) (inches) (inches®) (inches) (inches®)
O (inches) [ 980] | 17.70 | | 84.96 | | 3.20 | | 271.87 | | 11.80 | |  1002.53 |
3 (inchey [ 1230] | 460 | | 50.37 | | 550 | | 27717 | | 6.99 | | 352.31 |
| 1070 | | 11449 | | 539 | | 617.09 | | 2648 | | 3032.08 |
C4 (inches)
5 (inches) [ aaa] | 12.20 | | 82.35 | | 351 | | 289.16 | | 4199 | [ 3458.05 |
6 (inches [ 000 ] | 7.10 | | 15.62 | | 147 | | 2291 | | 30.77 | | 480.58 |
e ) ) ) ) ) e
e —T | | | | | |
R — | | | | | |
C10 (inches) [ |
Average Crush (inches):
Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 250.4 || 57.1 || 25607.60 || 16683.88 || 115 115 249 |
Avg - 2 Std. Deviations [ 1523 || -21.7 ] N/A | NAJL NAf NA[ NA]
Avg - 1 Std. Deviations | 2381 || 390 || 1924429 || 1487259 |[ 109 | 105 227 |
Average | 323.9 || 99.7 || 41749.26 || 23961.89 || 138 |[ 140 304 |
Avg + 1 Std. Deviations | 409.7 || 160.4 || 64254.23 || 3391319 || 164 || 169 367
Avg + 2 Std. Deviations | 4955 || 2211 || 86759.20 || 4401654 || 187 |[ 194 | 420 |
Maximum | 494.8 || 229.5 || 89544.77 || 4493585 |[ 189 |[ 196 |[ 426 |

Damage Centroid Depth (x) (inches)

Damage Centroid Depth (y) (inches)

Area of Damage (inches?): [ 347.79 |

[ 329026 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 29.30 | | 68.86 | | 157 | | 107.87 | | 1953 | | 134497 |
C2 (inches)
| 1830 | [ 130.85 | | 371 | | 486.08 | | 2850 | | 372844 |
C3 (inches)
| 1.30 | | 1196 | | 4.60 | | 55.05 | | 3.24 | | 38.76 |
C4 (inches) | 10 10 ¥ 10 10 |
10.60 147.34 7.26 1069.96 37.75 5561.82
C5 (inches)
| 860 | [ 17243 | | 1003 | [ 173019 | | 3878 | [ 6685.98 |
C6 (inches)
| 1810 | | 37739 | | 1043 | | 393443 | | 99.51 | [ 37555.03 |
C7 (inches)
| 1080 | | 196.02 | | 913 | |  1789.69 | | 69.96 | | 13712.98 |
C8 (inches)
| 3360 | [ 337.68 | | 555 | | 1875.61 | | 24885 | | 84032.26 |
C9 (inches)
| 25.30 | | 55.66 | | 147 | | 8163 | | 210.83 | | 11734.98 |
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl
Minimum | 30.0 || 109 || 25607.60 || 1921806 || 120 108 | 128
Avg - 2 Std. Deviations | N/A | N/A || N/A || NA[L NAJ NAJL NA|
Avg - 1 Std. Deviations | 25.8 || 8.1 || 19244.29 || 14986.33 || 106 || 99 || 110 |
Average | 38.7 || 18.3 || 41749.26 || 2973518 || 150 |[ 132 [ 16.6 |
Avg + 1 Std. Deviations | 485 || 28.6 || 6425423 || 4411615 || 182 | 159 | 208 ]
Avg + 2 Std. Deviations | 56.6 || 39.0 || 86759.20 || 58315.84 || 209 || 183 242
Maximum | 57.5 || 403 || 89544.77 || 60064.63 || 212 |[ 185 | 246 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 149818 ]

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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4NGXPRT StifCalcs® Force Balance - Page 1 of 2 4NG6XPRT StifCalcs® Force Balance - Page 2 of 2
2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact 1995 CADILLAC ELDORADO - Side Impact
i . PDOF i . PDOF
Curb Weight (pounds): OF L ever Arm Distance (inches): Curb Weight (pounds): OF  Lever Am Distance (inches):
Occupant + Cargo Weight (pounds): , _ Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec®) 2670.92 Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees): "Known" Stiffness Values Angle Coll Force to Normal (degrees):
A B
No Damage Speed (mph): wenge [ 3355] [—w57] No Damage Speed (mph):
Energy Crush Depth (inches): Minimum [ 2504 | | 571 | Energy Crush Depth (inches):
Damage Length (inches): @ Maximum [ 29438 | | 2295 | Damage Length (inches):
Crush Profile Measurements: El Std. Devation | sss ] | 607 | Crush Profile Measurements:
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y) Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®) (inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches) C1 (inches)
| 17.70 | | 84.96 | [ 320 | | 271.87 | | 11.80 | [ 1002.53 | | 29.30 | | 68.86 | [ 157 | | 107.87 | | 19.53 | [ 1344.97 |
2 (nches [_980] 1 | 1 | 1 ! 2 (nches [_am0] 1 | 1 | 1 !
4.60 50.37 5.50 277.17 6.99 35231 1830 130.85 371 486.08 28.50 372844
@ (nche [ 32301 1 | 1 | 1 | @ nchey [_2801 1 | 1 | 1 |
10.70 114.49 539 617.09 26.48 3032.08 1.30 11.96 4.60 55.05 3.24 38.76
C4 (inches) C4 (inches)
| 12.20 | | 8235 | | 351 | 289.16 | | 41.99 | [ 345805 | | 1060 | [ 14734 | 726 | [ 1069.96 | | 3775 | [ 556182 |
Csnches) [_40 ], 1 | 1 | 1 | S nches) [ 1300 ] 1 | 1 | 1 |
7.10 15.62 147 2291 30.77 480.58 8.60 172.43 10.03 1730.19 38.78 6685.98
co(nches [_omo] 1 | 1 | 1 | co(nchey [10] 1 | 1 | 1 |
18.10 377.39 10.43 3934.43 99.51 37555.03
e 1 | 1 | 1 | @7 (nches) [ 20801 1 | 1 | 1 |
10.80 196.02 9.13 1789.69 69.96 13712.98
R — 1 | 1 | 1 | s (nchey [ 25701 1 | 1 | 1 |
33.60 337.68 5.55 1875.61 248.85 84032.26
C9(inches) ] €9 (inches)
| | | [ | | [ | | | 2530 | | 55.66 | | 147 | | 81.63 | | 210.83 | [ 1173498 |
C10 (inches) C10 (inches) 0.00
Average Crush (inches): Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed  DeltaV ~ Speed Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH) A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 2504 | 57.1 || 25607.60 || 16683.88 || 115 115]|[ 249 Minimum [ 30.0 || 10.9 |[ 25607.60 || 1921806 || 120 ][ 108]|[ 1238
Avg - 2 Std. Deviations [ 1523 ][ 217 ] N/A| N/AJL Nal Nal[ NAf Avg - 2 Std. Deviations [ N/A [ N/A | N/A| (7N | 7N | 7N 7N
Avg - 1 Std. Deviations [ 2381 ]| 390 |[ 1924420 [ 1487259 |[ 109 ][ 105][ 227] Avg - 1 Std. Deviations [ 2538 || 81 [ 1924420 |[ 1498633 |[ 106 ][ 99| 11.0]
Average | 323.9 || 99.7 || 41749.26 || 2396189 || 138 |[ 140]|[ 304 Average | 387 || 183 || 41749.26 || 2973518 || 150 ][ 132 |[ 166 |
Avg + 15td. Deviations [ 409.7 || 1604 || 64254.23 || 3391319 || 164 |[ 169 |[ 367 Avg + 15td. Deviations [ 485 || 286 || 64254.23 || 4411615 | 182 |[ 159 [ 208 ]
Avg + 2Std. Deviations [ 4955 ][ 2211 ][ 8675920 |[ 4401654 |[ 187][ 194][ 420] Avg + 2 Std. Deviations [ 566 || 390 ][ 8675020 [[ se3isea || 209 |[ 183 242]
Maximum | 4948 || 2295 | 89544.77 || 4493585 |[ 189 |[ 196 |[ 426 | Maximum | 57.5 || 403 ] 89544.77 || 6006463 || 212 ][ 185]|[ 246
Damage Centroid Depth (x) (inches) k2 Damage Centroid Depth (x) (inches) 743 k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 347.79 Area of Damage (inches?): 1498.18
4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to: 4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301 Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301
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APPENDIX 3

NHTSA Tests for
MAXIMUM CRUSH
Stiffness Value Determination
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4NG6XPRT StifCalcs®

Available Test Results
Front Impact Test Summary

Report Filter Settings

Year Range: 2006 - 2013
Make: CHEVROLET

Model: IMPALA
Test Vehicle No
Number Info Damage Max Closing |---------- Vehicle Width---—m--- |
Speed Crush Speed [|-------- Stiffness Values-—-——-- | Crush
(mph)  (inch) (mph) A B G Kv Factor
7496 2012 CHEVROLET IMPALA FOUR DOOR SEDAN 5.0 15.4 20.0 207.6 40.4 533.3 71.8 10.4
5578 2006 CHEVROLET MONTE CARLO TWO DOORC... 5.0 28.0 35.0 235.7 50.6 549.0 68.9 17.5
5547 2006 CHEVROLET IMPALA FOUR DOOR SEDAN 5.0 28.3 35.2 240.8 51.2 565.9 69.6 17.4
5468 2006 PONTIAC GRAND PRIX FOUR DOOR SEDAN 5.0 26.7 35.1 249.3 56.1 553.6 76.3 18.4
7488 2012 CHEVROLET IMPALA FOUR DOOR SEDAN 5.0 26.5 34.9 253.9 57.2 563.5 77.9 18.4
5274 2005 BUICK LACROSSE FOUR DOOR SEDAN 5.0 24.9 35.1 269.7 65.2 558.3 88.6 19.8
6052 2007 CHEVROLET IMPALA FOUR DOOR SEDAN 5.0 13.9 24.7 340.6 96.4 601.5 151.5 17.6
Average (AVG) 256.8 59.6 560.7 86.4 171
Minimum (MIN) 207.6 40.4 533.3 68.9 10.4
Maximum (MAX) 340.6 96.4 601.5 151.5 19.8
Standard Deviation (STDev-sample) 41.6 17.9 21.0 29.5 3.1
Number of Tests (n) 7

4N6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registrered Owner: 4AN6XPRT SYSTEMS Serial Number: 15R-030201SC02301
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APPENDIX 3

Crush Length = OPTION 1

Impala Stiffness Values from NHTSA Tests =
MAXIMUM CRUSH

Crush Measurement Spacing = EQUAL

Lever Arm and Angle = NO

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

A B
No Damage Speed (mph): Average | 2568 | | 596 |
Energy Crush Depth (inches): Minimum | 2076 | | 404 |
Damage Length (inches): @ Maximum | 3406 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 17.9 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
10.50 35.18 2.23 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 10185 | | 5.00 | | 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | | 12233 | | 584 | | 714.47 | | 2609 | [ 319174 |
C4 (inches)
| 10.50 | | 91.35 | | 442 | | 403.69 | | 36.37 | | 3322.20 |
€0 (inches) L—22| | | | | | |
10.50 35.70 2.27 80.92 45.50 1624.35
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 207.6 || 404 || 13254.78 || 15035.75 || 109 |[ 112 217
Avg - 2 Std. Deviations | 1736 || 2338 || 9155.16 || 11904.80 || 9.7 || 97| 188]
Avg - 1 Std. Deviations | 215.2 || 417 || 13705.44 || 15569.91 || 111 || 113 220
Average | 256.8 || 59.6 || 18255.72 || 19566.62 || 125 128 | 249 |
Avg + 1 Std. Deviations | 2984 || 775 || 22806.00 || 23665.16 || 137 |[ 142 276 ]
Avg + 2 Std. Deviations | 340.0 || 954 || 27356.28 || 2780821 || 149 |[ 154 | 300 |
Maximum | 340.6 || 96.4 || 27565.23 || 2795825 || 149 |[ 155 ([ 301 |
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 386.40 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
20.00 50.00 1.67 83.33 13.33 666.67
C2 (inches)
| 2000 | |  207.00 | | 564 | | 1166.63 | | 31.72 | | 6566.67 |
C3 (inches)
| 2000 | [ 32000 | | 800 | [ 256030 | | 50.06 | | 16020.00 |
C4 (inches)
| 2000 | | 235.00 | | 617 | | 144963 | | 68.71 | | 16146.67 |
€0 (inches) L—22| | | | | | |
20.00 72.00 2.40 172.80 86.67 6240.00
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ftlbs)  (mph) (mph) bsubl
Minimum | 55.2 || 237 || 13254.78 || 1534868 | 107 || 105 152 |
Avg - 2 Std. Deviations | 443 || 15.6 || 9155.16 || 10916.41 || 91 || 91| 123]
Avg - 1 Std. Deviations | 56.2 || 247 || 13705.44 || 1583358 || 109 || 107 154 |
Average | 65.9 || 339 || 18255.72 || 2071114 || 125 |[ 121 [ 181 |
Avg + 1 Std. Deviations | 744 || 43.2 || 22806.00 || 2556322 |[ 139 |[ 134 | 204 ]
Avg + 2 Std. Deviations | 82.1 || 526 || 27356.28 || 3039713 || 151 || 146 || 226 |
Maximum | 824 || 53.0 || 27565.23 || 30618.74 || 152 || 146 || 226 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 884.00 |

@ [337476 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
A B
No Damage Speed (mph): Average [ 25638 | | 596 |
Energy Crush Depth (inches): 7.36 Minimum [ 2076 ] | 204 |
Damage Length (inches): @ Maximum | 340.6 | | 964 |
Crush Profile Measurements: El Std. Devation | 416 | | 179 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinches [_oo0] 1 | 1 | 1 |
10.50 35.18 223 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 101.85 ] | 500 | [ 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | [ 12233 | 584 | | 71447 ] | 2609 | [ 319174 |
C4 (inches)
| 1050 | | 0135 | | 442 ] | 403.69 | | 3637 | [ 332220
D — 1 | 1 | 1 |
10.50 35.70 227 80.92 45.50 162435
co(nches [_omo] 1 | 1 | 1 |
e 1 | 1 | 1 |
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches): 736
Average KE Closing
Results Force Damage Speed DeltaV ~ Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum [ 207.6 || 404 | 13254.78 | 1503575 || 109 [ 112|[ 217
Avg - 2 Std. Deviations [ 173.6 |[ 23.8 |[ 9155.16 || 11904.80 || 9.7 | 97 ][ 188]
Avg - 1 Std. Deviations [ 215.2 | 417 | 13705.44 ] 1556991 |[ 111 ][ 113 ][ 220]
Average | 256.8 || 59.6 || 18255.72 ] 1956662 |[ 125 ][ 128 ][ 249
Avg + 15td. Deviations [ 2984 || 775 || 22806.00 || 2366516 || 137 ][ 142 276
Avg + 2 Std. Deviations [ 3400 || 95.4 |[ 27356.28 || 2780821 || 149 ][ 154 ]|[ 300
Maximum | 3406 |[ 964 || 27565.23 || 2795825 || 149 ][ 155][ 301
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 386.40

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_oo0] 1 | 1 | 1 |
20.00 50.00 167 83.33 13.33 666.67
C2 (inches)
| 2000 | [ 207.00 ] | 564 | [ 116663 | | 3172 | [ 6566.67 |
C3 (inches) -_15.70
| 2000 | [ 320.00] | 800 | [ 256030] | 50.06 | [ 16020.00 |
C4 (inches)
| 20.00 | [ 235.00 | | 617 | [ 144963 | | 68.71 | [ 16146.67 |
Colinches) L1281 1 | 1 | 1 |
20.00 72.00 2.40 172.80 86.67 6240.00
co(nches [_om0] 1 | 1 | 1 |
e 1 | 1 | 1 |
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches): 8.84
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 55.2 || 23.7 || 13254.78 | 1534868 || 107 ][ 105][ 152
Avg - 2 Std. Deviations [ 44.8 |[ 15.6 |[ 9155.16 || 1091641 || 9.1 | 91 ][ 123]
Avg - 1 Std. Deviations [ 562 [ 247][ 1370544 [  1s833ss [ 109 |[ 107][ 154]
Average | 65.9 |[ 33.9 || 18255.72 ] 2071114 || 125 ][ 121 |[ 181
Avg + 15td. Deviations [ 744 || 43.2 | 22806.00 || 25563.22 | 139 ][ 134 204]
Avg + 2 Std. Deviations [ 82.1 || 52.6 || 27356.28 || 3039713 || 151 ][ 146 ][ 226
Maximum | 824 |[ 53.0 || 27565.23 || 3061874 |[ 152 | 146 ][ 226

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 884.00

3
Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 1

Impala Stiffness Values from NHTSA Tests =
MAXIMUM CRUSH

Crush Measurement Spacing = NON-EQUAL

Lever Arm and Angle = NO

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

No Damage Speed (mph): Average | A256.8 | | > 59.6 |
Energy Crush Depth (inches): Minimum | 207.6 | | 404 |
Damage Length (inches): [ 523] Maximum | 340.6 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 17.9 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
€1 (inches (inches) (inches?) (inches) (inches®) (inches) (inches®)
O (inches) [ 980] | 17.70 | | 84.96 | | 3.20 | | 271.87 | | 11.80 | |  1002.53 |
3 (inchey [ 1230] | 460 | | 50.37 | | 550 | | 27717 | | 6.99 | | 352.31 |
| 1070 | | 11449 | | 539 | | 617.09 | | 2648 | | 3032.08 |
C4 (inches)
5 (inches) [ aaa] | 12.20 | | 82.35 | | 351 | | 289.16 | | 4199 | [ 3458.05 |
6 (inches [ 000 ] | 7.10 | | 15.62 | | 147 | | 2291 | | 30.77 | | 480.58 |
e ) ) ) ) ) e
e —T | | | | | |
R — | | | | | |
C10 (inches) [ |
Average Crush (inches):
Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 207.6 || 404 || 12454.20 || 1331806 || 103 || 118 23.0 |
Avg - 2 Std. Deviations | 1736 || 2338 || 8678.40 || 10722.52 || 92 ][ 102][ 199]
Avg - 1 Std. Deviations | 215.2 || 417 || 12879.01 || 1379392 || 105 ]| 120 233
Average | 256.8 || 59.6 || 17079.61 || 1719565 || 117 || 136 264 |
Avg + 1 Std. Deviations | 2984 || 775 || 21280.22 || 2069882 |[ 128 |[ 150 29.2]
Avg + 2 Std. Deviations | 340.0 || 954 || 25480.82 || 2424634 || 139 | 164 | 318|
Maximum | 340.6 || 96.4 || 25670.41 || 2436875 || 139 ([ 164 319 |
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 347.79 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 19.80 | | 10890 | | 367 | | 399.30 | | 13.20 | | 143748 |
(nches) [ 12001, | | | | | |
1.30 13.85 533 73.75 1.94 26.90
C3 (inches)
| 1090 | | 18857 | | 912 | | 172015 | | 2799 | | 527714 |
C4 (inches)
| 17.20 | |  413.66 | | 1203 | | 497444 | | 60.17 | | 24890.01 |
C5 (inches)
| 960 | [ 21072 | | 11200 | [ 231813 | | 4307 | | 9074.69 |
C6 (inches)
| 1060 | | 17649 | | 844 | [ 149031 | | 57.93 | | 10224.76 |
C7 (inches)
| 31.00 | | 204.60 | | 440 | | 900.24 | | 196.33 | [ 40169.80 |
s inches) [_aoo], | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl
Minimum | 445 || 15.5 || 12454.20 || 2077450 || 125 ([ 111 [ 123 |
Avg - 2 Std. Deviations | 36.4 || 104 || 8678.40 || 14823.96 || 106 || 96 || 100 |
Avg - 1 Std. Deviations | 453 || 16.1 || 12879.01 || 2144120 || 127 |[ 113 || 125 |
Average | 529 || 219 || 17079.61 || 2801196 || 145 128 | 146 |
Avg + 1 Std. Deviations | 59.5 || 27.8 || 21280.22 || 3455263 || 161 || 142 164 ]
Avg + 2 Std. Deviations | 65.6 || 337 || 25480.82 || 4107177 || 176 |[ 154 | 181 |
Maximum | 65.8 || 340 || 25670.41 || 4136559 |[ 176 |[ 155 ([ 18.2 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 1316.79 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4NGXPRT StifCalcs® Force Balance - Page 1 of 2 4NG6XPRT StifCalcs® Force Balance - Page 2 of 2
2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact 1995 CADILLAC ELDORADO - Side Impact
i . PDOF i . PDOF
Curb Weight (pounds): OF L ever Arm Distance (inches): Curb Weight (pounds): OF  Lever Am Distance (inches):
Occupant + Cargo Weight (pounds): , _ Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec®) 2670.92 Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees): "Known" Stiffness Values Angle Coll Force to Normal (degrees):
A B
No Damage Speed (mph): wvenge [ 355] [ 595] No Damage Speed (mph):
Energy Crush Depth (inches): Minimum [ 2076 ] | 204 | Energy Crush Depth (inches):
Damage Length (inches): @ Maximum [ 3406 | | 96.4 | Damage Length (inches):
Crush Profile Measurements; [ 6] Std. Devation [ 416 | | 179 | Crush Profile Measurements:
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y) Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®) (inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_om0] 1 | 1 | 1 | Cinchey [_om0] 1 | 1 | 1 |
17.70 84.96 320 271.87 11.80 1002.53 19.80 108.90 3.67 399.30 13.20 1437.48
2(nches [_980] 1 | 1 | 1 ! 2(nches [ 11001 1 | 1 | 1 !
4.60 50.37 5.50 277.17 6.99 35231 1.30 13.85 533 73.75 1.94 26.90
C3 (inches) C3 (inches)
| 1070 | [ 11449 | 539 | | 617.09 | | 2648 | [ 3032.08 | | 1090 | [ 18857 | 912 | [ 172015 | 2799 | [ 527714 ]
C4 (inches) C4 (inches)
| 12.20 | | 8235 | | 351 ] | 289.16 | | 41.99 | [ 345805 | | 17.20 | [ 41366 | | 1203 | [ 497444 | 60.17 | [ 24890.01 |
Csnches) [_40 ], 1 | 1 | 1 | Csinches) [ B0, 1 | 1 | 1 |
7.10 15.62 147 2291 30.77 480.58 9.60 210.72 11.00 231813 43.07 9074.69
co(nches [_omo] 1 | 1 | 1 | co(nchey [2010] 1 | 1 | 1 |
10.60 176.49 844 149031 57.93 10224.76
e 1 | 1 | 1 | @7 (nche [ 22201 1 | 1 | 1 |
31.00 204.60 440 900.24 196.33 40169.80
R — 1 | 1 | 1 | s (nches [_oo0] 1 | 1 | 1 |
i — 1 | 1 | 1 ! i — 1 | 1 | 1 !
C10 (inches) C10 (inches)
Average Crush (inches): Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed  DeltaV ~ Speed Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH) A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 207.6 || 404 | 12454.20 | 1331806 || 103 ][ 118]|[ 23.0] Minimum [ 445 |[ 15.5 |[ 12454.20 | 2077450 || 125 111 ][ 123
Avg - 2 Std. Deviations [ 1736 [ 2338 || 867840 || 1072252 [  92][ 102][ 199 Avg - 2 Std. Deviations [ 364 [ 104 [ 867840 |[ 1482396 |[ 106][ 96][ 100]
Avg - 1 Std. Deviations [ 215.2 | 417 | 12879.01 ] 1379392 |[ 105 120 233] Avg - 1 Std. Deviations [ 453 | 16.1 || 12879.01 ] 2144120 || 127 ][ 113 ][ 125]
Average | 256.8 || 59.6 || 17079.61 ] 1719565 |[ 117 ][ 136 ][ 264 Average | 52.9 || 219 | 17079.61 ] 2801196 |[ 145 ][ 128 146
Avg + 15td. Deviations [ 2984 | 775 || 21280.22 || 2069882 || 128 |[ 150]|[ 29.2] Avg + 15td. Deviations [ 59.5 || 278 || 21280.22 || 3455263 [ 161 |[ 142 |[ 164 ]
Avg + 2 Std. Deviations [ 3400 ] 954 |[ 2548082 || 2424634 |[ 139 ][ 164][ 318] Avg + 2 Std. Deviations [ 65.6 || 337 ][ 2548082 ||  a107177 ][ 176 154 181 ]
Maximum | 340.6 || 96.4 |[ 25670.41 || 2436875 || 139 ][ 164 ][ 319 Maximum | 65.8 |[ 34.0 |[ 25670.41 || 4136559 |[ 176 |[ 155 182
Damage Centroid Depth (x) (inches) k2 Damage Centroid Depth (x) (inches) k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 347.79 Area of Damage (inches?): 1316.79
4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to: 4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301 Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 2

Impala Stiffness Values from NHTSA Tests =
MAXIMUM CRUSH

Crush Measurement Spacing = EQUAL

Lever Arm and Angle = NO

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

A B
No Damage Speed (mph): Average | 2568 | | 596 |
Energy Crush Depth (inches): Minimum | 2076 | | 404 |
Damage Length (inches): @ Maximum | 3406 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 17.9 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
10.50 35.18 2.23 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 10185 | | 5.00 | | 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | | 12233 | | 584 | | 714.47 | | 2609 | [ 319174 |
C4 (inches)
| 10.50 | | 91.35 | | 442 | | 403.69 | | 3637 | [ 3322.20 |
€0 (inches) L—22| | | | | | |
10.50 35.70 2.27 80.92 45.50 1624.35
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 207.6 || 404 || 13254.78 || 15035.75 || 109 || 143 || 278 |
Avg - 2 Std. Deviations | 1736 || 2338 || 9155.16 || 11904.80 || 97| 122 237]
Avg - 1 Std. Deviations | 215.2 || 417 || 13705.44 || 15569.91 || 111 || 146 283 ]
Average | 256.8 || 59.6 || 18255.72 || 19566.62 || 125 166 | 323 |
Avg + 1 Std. Deviations | 2984 || 775 || 22806.00 || 2366516 || 137 |[ 184 | 3538
Avg + 2 Std. Deviations | 340.0 || 954 || 27356.28 || 2780821 || 149 |[ 201 || 391 |
Maximum | 340.6 || 96.4 || 27565.23 || 2795825 || 149 |[ 202 | 39.2 |
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 386.40 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): 3773 PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds):
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73

Angle Coll Force to Normal (degrees):
No Damage Speed (mph):

Energy Crush Depth (inches):
Damage Length (inches):

Crush Profile Measurements: El

Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 31.20 | | 84552 | | 18.07 | | 15275.73 | | 20.80 | | 17586.82 |
C2 (inches)
| 31.20 | | 1127.88 | | 1958 | [ 22080.60 | | 44.20 | | 49856.35 |
C3 (inches)
| 31.20 | | 57720 | | 925 | | 533993 | | 7811 | | 45086.50 |
C4 (inches)
| 31.20 | | 397.80 | | 6.87 | [ 273265 | | 106.69 | | 42441.98 |
C5 (inches)
| 31.20 | [ 102.96 | | 2.20 | | 226.51 | | 135.20 | [ 13920.19 |
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) [ ]

Average Crush (inches):

Results A\Igzrriie Damage SpKeEed Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl

Minimum | 247 || 74 || 13254.78 || 3506344 || 162 || 135 106 |
Avg - 2 Std. Deviations | 20.2 || 5.0 || 9155.16 || 2457146 || 136 |[ 115 | 8.7 |
Avg - 1 Std. Deviations | 25.1 || 7.7 || 13705.44 || 36214.09 || 165 137 108 |
Average | 29.3 || 10.5 || 18255.72 || 4781077 || 190 |[ 157 [ 126 |
Avg + 1 Std. Deviations | 33.0 || 13.3 || 22806.00 || 5937798 || 211 || 174 | 141
Avg + 2 Std. Deviations | 36.3 || 16.1 || 27356.28 || 7092420 || 231 | 190 156 |
Maximum | 36.5 || 16.2 || 27565.23 || 7145399 |[ 232 |[ 190 156 |

Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)

Area of Damage (inches?): [ 3051.36 |

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-030201SC02301
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2 4NG6XPRT StifCalcs® Force Balance - Page 2 of 2
2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact 1995 CADILLAC ELDORADO - Side Impact
i . PDOF i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches): Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _ Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): [__3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92 Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees): "Known" Stiffness Values Angle Coll Force to Normal (degrees):
A B
No Damage Speed (mph wenge [ 3588] [ 56 No Damage Speed (mph
Energy Crush Depth (inches): 7.36 Minimum [ 2076 ] | 204 | Energy Crush Depth (inches):
Damage Length (inches): @ Maximum [ 3406 | | 96.4 | Damage Length (inches):
Crush Profile Measurements; [ 6] Std. Devation | a6] | 179 | Crush Profile Measurements: [ 6]
Equal Zone Area Zone Area Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y) Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®) (inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches) C1 (inches)
| 10.50 | | 35.18 | [ 223 | | 7856 | | 7.00 | [ 24623 | | 31.20 | [ 84552 | | 18.07 | [ 1527573 | | 20.80 | [ 17586.82 |
C2 (inches) C2 (inches)
| 1050 | [ 101.85 ] | 500 | [ 509.72 | | 1629 | [ 1659.26 | | 31.20 | [ 1127.88 | | 19.58 | [ 22080.60 | [ 44.20 | [ 4985635 |
C3 (inches) C3 (inches)
| 1050 | [ 12233 | 584 | | 71447 ] | 2609 | [ 319174 | | 3120 | [ 577.20] | 925 | [ 533993 ] | 7811 | [ 45086.50 |
C4 (inches) C4 (inches)
| 1050 | | 0135 | | 442 ] | 403.69 | | 3637 | [ 332220 | 3120 | [ 397.80 | | 687 | [ 273265 ] | 106.69 | [ 4244198 |
D — 1 | 1 | 1 | Cnches) [0 ], 1 | 1 | 1 |
10.50 35.70 227 80.92 45.50 1624.35 31.20 102.96 220 226.51 135.20 13920.19
co(nches [_omo] 1 | 1 | 1 | co(nches [_om0] 1 | 1 | 1 |
e 1 | 1 | 1 | e 1 | 1 | 1 |
R — 1 | 1 | 1 | R — 1 | 1 | 1 |
i — 1 | 1 | 1 ! i — 1 | 1 | 1 !
C10 (inches) C10 (inches)
Average Crush (inches): 736 Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed DeltaV ~ Speed Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH) A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 207.6 || 404 | 13254.78 | 1503575 || 109 |[ 143 ]|[ 278 Minimum [ 24.7 || 74 || 13254.78 | 3506344 || 162 ][ 135]|[ 106
Avg - 2 Std. Deviations [ 1736 [ 2338 || 915516 |[ 1100480 [ 97 ][ 122][ 237] Avg - 2 Std. Deviations [ 202 [ 50 | 915516 |[ 2457146 |[ 136][ 115][ 87]
Avg - 1 Std. Deviations [ 2152 [ 417][ 1370544 |[ 1556991 |[ m1][ 146][ 283] Avg - 1 Std. Deviations [ 251 [ 77 ][ 1370544 [ 3621409 |[ 165][ 137][ 108]
Average | 256.8 || 59.6 || 18255.72 ] 1956662 |[ 125 166 ][ 323 Average | 203 || 10.5 |[ 18255.72 ] 4781077 J[ 190 ][ 157 |[ 126
Avg + 15td. Deviations [ 2984 | 775 || 22806.00 || 2366516 |[ 137 |[ 184 |[ 358 Avg + 15td. Deviations [ 33.0 || 133 || 22806.00 || 5037798 |[ 211 |[ 174 |[ 141
Avg + 2 Std. Deviations [ 340.0 | 954 ][ 2735628 || 2780821 |[ 149 ][ 201[ 391] Avg + 2 Std. Deviations [ 363 || 161 ][ 2735628 [[ 7002420 |[ 231 ][ 190 156]
Maximum | 340.6 || 96.4 |[ 27565.23 || 2795825 |[ 149 ][ 202 ][ 392 Maximum | 36.5 || 16.2 || 27565.23 || 7145399 || 232 ][ 190][ 156
Damage Centroid Depth (x) (inches) k2 Damage Centroid Depth (x) (inches) k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 386.40 Area of Damage (inches?): 305136
4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to: 4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301 Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 2

Impala Stiffness Values from NHTSA Tests =
MAXIMUM CRUSH

Crush Measurement Spacing = NON-EQUAL

Lever Arm and Angle = NO

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1

Appendix 3-49



Daniel
Text Box
Appendix 3-49



4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

No Damage Speed (mph): Average | A256.8 | | > 59.6 |
Energy Crush Depth (inches): Minimum | 207.6 | | 404 |
Damage Length (inches): [ 523] Maximum | 340.6 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 17.9 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
€1 (inches (inches) (inches?) (inches) (inches®) (inches) (inches®)
O (inches) [ 980] | 17.70 | | 84.96 | | 3.20 | | 271.87 | | 11.80 | |  1002.53 |
3 (inchey [ 1230] | 460 | | 50.37 | | 550 | | 27717 | | 6.99 | | 352.31 |
| 1070 | | 11449 | | 539 | | 617.09 | | 2648 | | 3032.08 |
C4 (inches)
5 (inches) [ aaa] | 12.20 | | 82.35 | | 351 | | 289.16 | | 4199 | [ 3458.05 |
6 (inches [ 000 ] | 7.10 | | 15.62 | | 147 | | 2291 | | 30.77 | | 480.58 |
e ) ) ) ) ) e
e —T | | | | | |
R — | | | | | |
C10 (inches) [ |
Average Crush (inches):
Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 207.6 || 404 || 12454.20 || 1331806 || 103 || 111 216 |
Avg - 2 Std. Deviations | 1736 || 2338 || 8678.40 || 10722.52 || 9.2 || 97| 188]
Avg - 1 Std. Deviations | 215.2 || 417 || 12879.01 || 1379392 || 105 113 220
Average | 256.8 || 59.6 || 17079.61 || 1719565 || 117 || 128 249 |
Avg + 1 Std. Deviations | 2984 || 775 || 21280.22 || 2069882 |[ 128 |[ 141 275
Avg + 2 Std. Deviations | 340.0 || 954 || 25480.82 || 2424634 || 139 | 154 || 299 |
Maximum | 340.6 || 96.4 || 25670.41 || 2436875 || 139 ([ 154 ([ 300 |
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 347.79 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 29.30 | | 68.86 | | 157 | | 107.87 | | 1953 | | 134497 |
C2 (inches)
| 1830 | [ 130.85 | | 371 | | 486.08 | | 2850 | | 372844 |
C3 (inches)
| 1.30 | | 1196 | | 4.60 | | 55.05 | | 3.24 | | 38.76 |
C4 (inches) | 10 10 ¥ 10 10 |
10.60 147.34 7.26 1069.96 37.75 5561.82
C5 (inches)
| 860 | [ 17243 | | 1003 | [ 173019 | | 3878 | [ 6685.98 |
C6 (inches)
| 1810 | | 37739 | | 1043 | | 393443 | | 99.51 | [ 37555.03 |
C7 (inches)
| 1080 | | 196.02 | | 913 | |  1789.69 | | 69.96 | | 13712.98 |
C8 (inches)
| 3360 | [ 337.68 | | 555 | | 1875.61 | | 24885 | | 84032.26 |
C9 (inches)
| 25.30 | | 55.66 | | 147 | | 8163 | | 210.83 | | 11734.98 |
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl
Minimum | 329 || 13.2 || 12454.20 || 16887.68 || 113 || 105 141 |
Avg - 2 Std. Deviations | 269 || 8.8 || 8678.40 || 12040.79 || 95 || 91| 115]
Avg - 1 Std. Deviations | 33.6 || 13.7 || 12879.01 || 1743127 || 114 || 107 || 144
Average | 39.2 || 18.7 || 17079.61 || 22793.02 || 131 [ 121 168 |
Avg + 1 Std. Deviations | 44.2 || 2338 || 21280.22 || 2813614 || 145 133 189
Avg + 2 Std. Deviations | 48.8 || 289 || 25480.82 || 3346593 || 159 || 145 209 |
Maximum | 49.0 || 29.2 || 25670.41 || 33706.22 || 159 || 145 210 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 149818 ]

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Appen

Serial Number: 15R-0302015C02301
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds}: PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds):
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?)
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
No Damage Speed (mph): Average [ A256.8 i i 596 |
Energy Crush Depth (inches): Minimum [ 2076 ] | 204 |
Damage Length (inches): @ Maximum | 340.6 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 179 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
CLiinches) - (inches) (inches?) (inches) (inches®) (inches) (inches®)
2 (nches) | 17.70 | | 84.96 | [ 320 ] | 271.87 | | 11.80 | [ 100253 |
3 (nches) [ Tz30] | 4.60 | | 5037 | [ 550 | [ 27717 ] | 6.99 | | 35231 |
| 1070 | [ 11449 | 539 | | 617.09 | | 2648 | [ 3032.08 |
C4 (inches)
5 (nchesy [ aa0] | 12.20 | | 8235 | | 351 | | 289.16 | | 41.99 | [ 345805 |
6 (inches | 710 | | 15.62 | | 147 | | 2291 | | 3077 | | 480.58 |
crnae ) —— —— —— —— ——
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Results A:zrri?ae Damage SpKeid Delta V Csls::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum [ 207.6 || 404 | 12454.20 | 1331806 || 103 ][ 111 ][ 216
Avg - 2 Std. Deviations [ 1736 [ 2338 || 867840 |[ 1072252 |[  e2][ 97][ 188]
Avg - 1 Std. Deviations [ 215.2 || 417 | 12879.01 || 1379392 || 105 ][ 113 ]|[ 220]
Average | 256.8 | 59.6 || 17079.61 ] 1719565 |[ 117 ][ 128 249
Avg + 15td. Deviations [ 2984 || 775 || 21280.22 || 20698.82 |[ 128 ][ 141 ][ 275]
Avg + 2 Std. Deviations [ 3400 || 95.4 |[ 25480.82 || 2424634 || 139 ][ 154 ][ 299
Maximum | 3406 |[ 964 || 2567041 || 2436875 || 139 ][ 154 ][ 300
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 341.79

Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301

4NG6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)

Area of Damage (inches?): 1498.18

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_om0] 1 | 1 | 1 |
29.30 68.86 157 107.87 19.53 1344.97
C2 (inches)
| 1830 | [ 13085 | | 3.71] | 486.08 | | 2850 | [ 372844 |
S nchey [_2801 1 | 1 | 1 |
1.30 11.96 4.60 55.05 3.24 38.76
C4 (inches)
| 1060 | [ 14734 | 726 | [ 1069.96 | | 37.75 | [ 556182 |
S nches) [ 1300 ] 1 | 1 | 1 |
8.60 172.43 10.03 1730.19 38.78 6685.98
C6 (inches)
| 1810 | [ 37739 ] | 1043 | [ 393443 ] | 99.51 | [ 37555.03 |
C7 (inches)
| 1080 | [ 196.02 | | 913 | [ 1789.69 | | 69.96 | [ 13712.98 |
C8 (inches) -_15.70
| 3360 | [ 33768] | 555 | [ 1875.61 | | 248.85 | [ 84032.26 |
C9 (inches)
| 2530 | | 55.66 | | 147 | | 81.63 | | 210.83 | [ 1173498 |
C10 (inches) 0.00
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 32.9 || 13.2 || 12454.20 | 1688768 || 113 ][ 105 141
Avg - 2 Std. Deviations [ 26.9 |[ 88 || 867840 || 12040.79 || 9.5 |[ 91 |[ 115]
Avg - 1 Std. Deviations [ 33.6 || 13.7 || 12879.01 ] 1743127 || 114 ][ 107 ][ 144
Average | 39.2 || 187 || 17079.61 || 22793.02 || 131 ][ 121 ]|[ 168
Avg + 15td. Deviations [ 442 || 238 || 21280.22 || 2813614 || 145][ 133 189]
Avg + 2 Std. Deviations [ 48.8 |[ 289 || 25480.82 || 3346593 || 159 ][ 145][ 209
Maximum | 49.0 |[ 29.2 || 25670.41 || 3370622 || 159 ][ 145][ 210]
Damage Centroid Depth (x) (inches) 743 k?

Registered Owner: 4N6XPRT SYSTEMS

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 1

Impala Stiffness Values from NHTSA Tests =
MAXIMUM CRUSH

Crush Measurement Spacing = EQUAL

Lever Arm and Angle = YES

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

A B
No Damage Speed (mph): Average | 2568 | | 596 |
Energy Crush Depth (inches): Minimum | 2076 | | 404 |
Damage Length (inches): @ Maximum | 3406 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 17.9 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
10.50 35.18 2.23 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 10185 | | 5.00 | | 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | | 12233 | | 584 | | 714.47 | | 2609 | [ 319174 |
C4 (inches)
| 10.50 | | 91.35 | | 442 | | 403.69 | | 36.37 | | 3322.20 |
€0 (inches) L—22| | | | | | |
10.50 35.70 2.27 80.92 45.50 1624.35
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 207.6 || 404 || 13254.78 || 1503575 || 109 |[ 110 238
Avg - 2 Std. Deviations | 1736 || 2338 || 9155.16 || 11904.80 || 9.7 || 95| 206 |
Avg - 1 Std. Deviations | 215.2 || 417 || 13705.44 || 15569.91 || 111 || 112 242
Average | 256.8 || 59.6 || 18255.72 || 19566.62 || 125 | 127 275 |
Avg + 1 Std. Deviations | 2984 || 775 || 22806.00 || 23665.16 || 137 |[ 140 304 ]
Avg + 2 Std. Deviations | 340.0 || 954 || 27356.28 || 2780821 || 149 |[ 152 | 33.0|
Maximum | 340.6 || 96.4 || 27565.23 || 2795825 |[ 149 |[ 153 [ 331 |
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 386.40 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
20.00 50.00 1.67 83.33 13.33 666.67
C2 (inches)
| 2000 | |  207.00 | | 564 | | 1166.63 | | 31.72 | | 6566.67 |
C3 (inches)
| 2000 | [ 32000 | | 800 | [ 256030 | | 50.06 | | 16020.00 |
C4 (inches)
| 2000 | | 235.00 | | 617 | | 144963 | | 68.71 | | 16146.67 |
€0 (inches) L—22| | | | | | |
20.00 72.00 2.40 172.80 86.67 6240.00
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ftlbs)  (mph) (mph) bsubl
Minimum | 50.9 || 20.2 || 13254.78 || 1791188 || 116 || 104 | 140 |
Avg - 2 Std. Deviations | 41.2 || 13.3 || 9155.16 || 12774.23 || 9.8 || 90| 113]
Avg - 1 Std. Deviations | 519 || 210 || 13705.44 || 1847377 || 118 || 105 142
Average | 60.8 || 28.9 || 18255.72 || 2412434 || 135 [ 119 167 |
Avg + 1 Std. Deviations | 68.8 || 36.9 || 22806.00 || 2974335 |[ 150 |[ 132 189
Avg + 2 Std. Deviations | 75.9 || 45,0 || 27356.28 || 35339.86 || 163 || 143 209 |
Maximum | 76.3 || 454 || 27565.23 || 3559641 || 164 || 144 || 210 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 884.00 |

@ [337476 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Appendix 3-55

Serial Number: 15R-0302015C02301



Daniel
Text Box
Appendix 3-55



4NG6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
A B
No Damage Speed (mph): Average [ 25638 | | 596 |
Energy Crush Depth (inches): 7.36 Minimum [ 2076 ] | 204 |
Damage Length (inches): @ Maximum | 340.6 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 179 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinches [_oo0] 1 | 1 | 1 |
10.50 35.18 223 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 101.85 ] | 500 | [ 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | [ 12233 | 584 | | 71447 ] | 2609 | [ 319174 |
C4 (inches)
| 1050 | | 0135 | | 442 ] | 403.69 | | 3637 | [ 332220
D — 1 | 1 | 1 |
10.50 35.70 227 80.92 45.50 162435
co(nches [_omo] 1 | 1 | 1 |
e 1 | 1 | 1 |
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches): 736
Average KE Closing
Results Force Damage Speed DeltaV ~ Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum [ 207.6 || 404 | 13254.78 | 1503575 || 109 ][ 110][ 233
Avg - 2 Std. Deviations [ 1736 || 238 || 9155.16 || 11904.80 || 9.7 | 95 ][ 206 ]
Avg - 1 Std. Deviations [ 215.2 || 417 | 13705.44 || 1556091 || 1m1a ][ 112|[ 242
Average | 256.8 | 59.6 || 18255.72 || 1956662 || 125 |[ 127 |[ 275
Avg + 15td. Deviations [ 2984 || 775 || 22806.00 || 2366516 || 137 ][ 140 304]
Avg + 2 Std. Deviations [ 3400 || 954 |[ 2735628 || 2780821 |[ 149 |[ 152 |[ 33.0]
Maximum | 3406 |[ 964 || 27565.23 || 2795825 |[ 149 ][ 153 ][ 331
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 386.40

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements: El
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_oo0] 1 | 1 | 1 |
20.00 50.00 167 83.33 13.33 666.67
C2 (inches)
| 2000 | [ 207.00 ] | 564 | [ 116663 | | 3172 | [ 6566.67 |
C3 (inches) -_15.70
| 2000 | [ 320.00] | 800 | [ 256030] | 50.06 | [ 16020.00 |
C4 (inches)
| 2000 | [ 23500 ] | 617 | [ 144963 ] | 68.71 | [ 16146.67 |
Colinches) L1281 1 | 1 | 1 |
20.00 72.00 2.40 172.80 86.67 6240.00
co(nches [_om0] 1 | 1 | 1 |
e 1 | 1 | 1 |
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches): 8.84
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 50.9 || 20.2 || 13254.78 | 1791188 || 116 ][ 104 ][ 140
Avg - 2 Std. Deviations [ 412 |[ 133 | 9155.16 || 12774.23 || 9.8 |[ 90 [ 113]
Avg - 1 Std. Deviations [ 519 | 21.0 || 13705.44 || 1847377 || 118 |[ 105]|[ 142
Average | 60.8 |[ 28.9 | 18255.72 ] 2412434 [ 135 119][ 167]
Avg + 15td. Deviations [ 688 || 369 || 22806.00 || 2974335 || 150][ 132 189
Avg + 2 Std. Deviations [ 759 || 450 |[ 2735628 || 3533986 |[ 163 ][ 143 ][ 209 ]
Maximum | 763 || 454 | 27565.23 || 3559641 | 164 |[ 144 ][ 210

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 884.00

3
Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 1

Impala Stiffness Values from NHTSA Tests =
MAXIMUM CRUSH

Crush Measurement Spacing = NON-EQUAL

Lever Arm and Angle = YES

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

No Damage Speed (mph): Average | A256.8 | | > 59.6 |
Energy Crush Depth (inches): Minimum | 207.6 | | 404 |
Damage Length (inches): [ 523] Maximum | 340.6 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 17.9 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
€1 (inches (inches) (inches?) (inches) (inches®) (inches) (inches®)
O (inches) [ 980] | 17.70 | | 84.96 | | 3.20 | | 271.87 | | 11.80 | |  1002.53 |
3 (inchey [ 1230] | 460 | | 50.37 | | 550 | | 27717 | | 6.99 | | 352.31 |
| 1070 | | 11449 | | 539 | | 617.09 | | 2648 | | 3032.08 |
C4 (inches)
5 (inches) [ aaa] | 12.20 | | 82.35 | | 351 | | 289.16 | | 4199 | [ 3458.05 |
6 (inches [ 000 ] | 7.10 | | 15.62 | | 147 | | 2291 | | 30.77 | | 480.58 |
e ) ) ) ) ) e
e —T | | | | | |
R — | | | | | |
C10 (inches) [ |
Average Crush (inches):
Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 207.6 || 404 || 12454.10 || 13318.06 || 103 || 98 || 213 ]
Avg - 2 Std. Deviations | 1736 || 2338 || 8678.34 || 10722.52 || 9.2 || 86| 187]
Avg - 1 Std. Deviations | 215.2 || 417 || 12878.90 || 1379392 || 105 100 216 |
Average | 256.8 || 59.6 || 17079.46 || 1719565 || 117 || 112 || 242 |
Avg + 1 Std. Deviations | 2984 || 775 || 21280.02 || 2069882 |[ 128 |[ 123 266 |
Avg + 2 Std. Deviations | 340.0 || 954 || 25480.58 || 2424634 || 139 | 133 288 |
Maximum | 340.6 || 96.4 || 25670.17 || 2436875 || 139 |[ 133 289 |
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 347.79 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 19.80 | | 10890 | | 367 | | 399.30 | | 13.20 | | 143748 |
(nches) [ 12001, | | | | | |
1.30 13.85 533 73.75 1.94 26.90
C3 (inches)
| 1090 | | 18857 | | 912 | | 172015 | | 2799 | | 527714 |
C4 (inches)
| 17.20 | |  413.66 | | 1203 | | 497444 | | 60.17 | | 24890.01 |
C5 (inches)
| 960 | [ 21072 | | 11200 | [ 231813 | | 4307 | | 9074.69 |
C6 (inches)
| 1060 | | 17649 | | 844 | [ 149031 | | 57.93 | | 10224.76 |
C7 (inches)
| 31.00 | | 204.60 | | 440 | | 900.24 | | 196.33 | [ 40169.80 |
s inches) [_aoo], | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl
Minimum | 27.9 || 6.1 || 12454.10 || 12870.74 || 9.8 || 9.2 || 7.7 |
Avg - 2 Std. Deviations | 23.0 || 41 || 8678.34 || 9548.98 || 8.5 || 8.1 || 6.3 |
Avg - 1 Std. Deviations | 284 || 6.3 || 12878.90 || 13239.32 || 100 || 94 || 7.8 |
Average | 33.1 || 8.6 || 17079.46 || 16843.81 || 113 || 105 || 9.1 |
Avg + 1 Std. Deviations | 371 || 10.8 || 21280.02 || 2039284 |[ 124 |[ 116 102]
Avg + 2 Std. Deviations | 40.8 || 13.0 || 25480.58 || 2390222 || 134 | 125 113 |
Maximum | 41.0 || 13.2 || 25670.17 || 24059.85 |[ 134 |[ 126 | 113 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 1316.79 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds}: PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds):
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?)
Angle Coll Force to Normal (degrees): "Known" Stiffness Values
No Damage Speed (mph): Average [ A256.8 i i 596 |
Energy Crush Depth (inches): Minimum [ 2076 ] | 204 |
Damage Length (inches): @ Maximum | 340.6 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 179 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
CLiinches) - (inches) (inches?) (inches) (inches®) (inches) (inches®)
2 (nches) | 17.70 | | 84.96 | [ 320 ] | 271.87 | | 11.80 | [ 100253 |
3 (nches) [ Tz30] | 4.60 | | 5037 | [ 550 | [ 27717 ] | 6.99 | | 35231 |
| 1070 | [ 11449 | 539 | | 617.09 | | 2648 | [ 3032.08 |
C4 (inches)
5 (nchesy [ aa0] | 12.20 | | 8235 | | 351 | | 289.16 | | 41.99 | [ 345805 |
6 (inches | 710 | | 15.62 | | 147 | | 2291 | | 3077 | | 480.58 |
crnae ) —— —— —— —— ——
R — 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Results A:zrri?ae Damage SpKeid Delta V Csls::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum [ 207.6 || 404 | 12454.10 || 1331806 || 103 || 98 |[ 213
Avg - 2 Std. Deviations [ 1736 || 238 || 867834 || 1072252 || 9.2 |[ 86 |[ 187
Avg - 1 Std. Deviations [ 215.2 || 417 | 12878.90 || 1379392 || 105 ][ 100][ 216
Average | 256.8 | 59.6 || 17079.46 || 1719565 |[ 117 ][ 112 ][ 242]
Avg + 15td. Deviations [ 2984 || 775 || 21280.02 || 20698.82 |[ 128 ][ 123 ][ 266 ]
Avg + 2 Std. Deviations [ 340.0 | 954 || 25480.58 || 2424634 || 139 ][ 133][ 288]
Maximum | 3406 |[ 964 || 25670.17 || 2436875 || 139 ][ 133 ][ 289
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 341.79

Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301

4NG6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_omo] 1 | 1 | 1 |
19.80 108.90 3.67 399.30 13.20 143748
2(nches [ 21001 1 | 1 | 1 !
1.30 13.85 533 73.75 1.94 26.90
C3 (inches)
| 1090 | [ 18857 | 912 | [ 172015 | 2799 | [ 527714 ]
C4 (inches)
| 17.20 | [ 413.66 | | 12.03 | [ 497444 | | 60.17 | [ 24890.01 |
Csinches) [ B0, 1 | 1 | 1 |
9.60 210.72 11.00 231813 43.07 9074.69
C6 (inches)
| 1060 | [ 17649 | | 844 | [ 149031 ] | 57.93 | [ 1022476 |
C7 (inches)
| 31.00 | [ 204.60 | | 440 | [ 900.24 | | 19633 | [ 40169.80 |
s (nches [_oo0] 1 | 1 | 1 |
i — 1 | 1 | 1 !
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 27.9 || 6.1 || 12454.10 || 12870.74 || 9.8 || 9.2 | 71 ]
Avg - 2 Std. Deviations [ 23.0 |[ 41 [ 867834 || 954898 |[ 8.5 || 81 || 63 |
Avg - 1 Std. Deviations [ 284 || 63 || 12878.90 | 1323932 |[ 100 || 94 || 7.8 |
Average | 33.1 || 86 || 17079.46 || 1684381 |[ 113 ][ 105 9.1 |
Avg + 15td. Deviations [ 371 || 10.8 || 21280.02 || 2039284 |[ 124 ][ 116 ][ 102]
Avg + 2 Std. Deviations [ 40.8 |[ 13.0 || 25480.58 || 2390222 || 134 ][ 125 113
Maximum | 41.0 || 13.2 || 25670.17 || 2405985 || 134 ][ 126 113]

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): 1316.79

3
Eff. Mass Ratio (gamma)

4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 2

Impala Stiffness Values from NHTSA Tests =
MAXIMUM CRUSH

Crush Measurement Spacing = EQUAL

Lever Arm and Angle = YES

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

A B
No Damage Speed (mph): Average | 256.8 | | 59.6 |
Energy Crush Depth (inches): Minimum | 207.6 | | 404 |
Damage Length (inches): [ s525] Maximum | 340.6 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 17.9 |
Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
Clinches) [_ato], | | | | | |
10.50 35.18 2.23 78.56 7.00 246.23
C2 (inches)
| 1050 | [ 10185 | | 5.00 | | 509.72 | | 1629 | [ 1659.26 |
C3 (inches)
| 1050 | | 12233 | | 584 | | 714.47 | | 2609 | [ 319174 |
C4 (inches)
| 10.50 | | 91.35 | | 442 | | 403.69 | | 36.37 | | 3322.20 |
€0 (inches) L—22| | | | | | |
10.50 35.70 2.27 80.92 45.50 1624.35
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 207.6 || 404 || 13254.78 || 1503575 || 109 || 143 310 |
Avg - 2 Std. Deviations | 1736 || 2338 || 9155.16 || 11904.80 || 97| 122 264]
Avg - 1 Std. Deviations | 215.2 || 417 || 13705.44 || 15569.91 || 111 || 145 315]
Average | 256.8 || 59.6 || 18255.72 || 19566.62 || 125 166 36.0 |
Avg + 1 Std. Deviations | 2984 || 775 || 22806.00 || 23665.16 || 137 |[ 184 | 40.0]
Avg + 2 Std. Deviations | 340.0 || 954 || 27356.28 || 2780821 || 149 |[ 201 || 436 |
Maximum | 340.6 || 96.4 || 27565.23 || 2795825 || 149 |[ 201 | 437 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 386.40 |

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): 3773 PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds):
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73

Angle Coll Force to Normal (degrees):
No Damage Speed (mph):

Energy Crush Depth (inches):
Damage Length (inches):

Crush Profile Measurements: El

Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 31.20 | | 84552 | | 18.07 | | 15275.73 | | 20.80 | | 17586.82 |
C2 (inches)
| 31.20 | | 1127.88 | | 1958 | [ 22080.60 | | 44.20 | | 49856.35 |
C3 (inches)
| 31.20 | | 57720 | | 925 | | 533993 | | 7811 | | 45086.50 |
C4 (inches)
| 31.20 | | 397.80 | | 6.87 | [ 273265 | | 106.69 | | 42441.98 |
C5 (inches)
| 31.20 | [ 102.96 | | 2.20 | | 226.51 | | 135.20 | [ 13920.19 |
Conches [_oo0] | | | | | |
@ nches L1 | | | | | |
snches [T | | | | | |
Conchey L1, | | | | | |
C10 (inches) [ ]

Average Crush (inches):

Results A\Igzrriie Damage SpKeEed Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl

Minimum | 22.8 || 64 || 13254.78 || 4069954 || 175 |[ 135 || 9.8 |
Avg - 2 Std. Deviations | 18.7 || 42 || 9155.16 || 2856151 |[ 147 |[ 115 | 8.0 |
Avg - 1 Std. Deviations | 233 || 6.6 || 13705.44 || 4203049 || 178 |[ 137 100 |
Average | 27.1 || 9.0 || 18255.72 || 5544256 || 204 || 156 | 116 |
Avg + 1 Std. Deviations | 30.6 || 114 || 22806.00 || 68818.08 |[ 227 |[ 174 | 131
Avg + 2 Std. Deviations | 33.7 || 13.8 || 27356.28 || 8216759 || 249 | 189 | 144 |
Maximum | 33.8 || 13.9 || 27565.23 || 82780.09 || 249 ([ 190 145 |

Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)

Area of Damage (inches?): [ 3051.36 |

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-030201SC02301
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2 4NG6XPRT StifCalcs® Force Balance - Page 2 of 2
2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact 1995 CADILLAC ELDORADO - Side Impact
: . PDOF i . PDOF
Curb Weight (pounds}: 0 Lever Arm Distance (inches): Curb Weight (pounds}: 0 Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): , _ Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): [__3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92 Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees): "Known" Stiffness Values Angle Coll Force to Normal (degrees):
A B
No Damage Speed (mph): Average [ 25638 | | 596 | No Damage Speed (mph):
Energy Crush Depth (inches): 7.36 Minimum [ 2076 ] | 204 | Energy Crush Depth (inches):
Damage Length (inches): @ Maximum [ 3406 | | 96.4 | Damage Length (inches):
Crush Profile Measurements; [ 6] Std. Devation | a6] | 179 | Crush Profile Measurements: [ 6]
Equal Zone Area Zone Area Equal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y) Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®) (inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinches [_oo0] 1 | 1 | 1 | Cinchey [_om0] 1 | 1 | 1 |
10.50 35.18 223 78.56 7.00 246.23 31.20 845.52 18.07 15275.73 20.80 17586.82
C2 (inches) C2 (inches)
| 1050 | [ 101.85 ] | 500 | [ 509.72 | | 1629 | [ 1659.26 | | 31.20 | [ 1127.88 | | 19.58 | [ 22080.60 | [ 44.20 | [ 4985635 |
C3 (inches) C3 (inches)
| 1050 | [ 12233 | 584 | | 71447 ] | 2609 | [ 319174 | | 3120 | [ 577.20] | 925 | [ 533993 ] | 7811 | [ 45086.50 |
C4 (inches) C4 (inches)
| 1050 | | 0135 | | 442 ] | 403.69 | | 3637 | [ 332220 | 3120 | [ 397.80 | | 6.87 | [ 273265 ] | 106.69 | [ 4244198 |
D — 1 | 1 | 1 | Cslnches) [0 ], 1 | 1 | 1 |
10.50 35.70 227 80.92 45.50 162435 31.20 102.96 220 226.51 135.20 13920.19
co(nches [_omo] 1 | 1 | 1 | co(nches [_om0] 1 | 1 | 1 |
e 1 | 1 | 1 | e 1 | 1 | 1 |
R — 1 | 1 | 1 | R — 1 | 1 | 1 |
i — 1 | 1 | 1 ! i — 1 | 1 | 1 !
C10 (inches) C10 (inches)
Average Crush (inches): 736 Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed DeltaV ~ Speed Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH) A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 207.6 || 404 | 13254.78 || 1503575 || 109 ][ 143 ][ 310 Minimum [ 22.8 || 64 || 13254.78 | 4069954 |[ 175 |[ 135 9.8 |
Avg - 2 Std. Deviations [ 1736 [ 2338 || 915516 |[ 1100480 [ 97 ][ 122][ 264] Avg - 2 Std. Deviations [ 187 [ 42 || 915516 | 28se1s51 [ 147][ 115][ s0]
Avg - 1Std. Deviations [ 215.2 || 417 ][ 1370544 ][ 1556991 [ 11 ][ 145][ 315] Avg - 1 Std. Deviations [ 233 || 66 |[ 1370544 |[ 4203049 |[ 178 [ 137 100
Average | 256.8 | 59.6 || 18255.72 || 1956662 |[ 125 166 ][ 360 ] Average | 27.1 || 9.0 || 18255.72 ] 55442556 |[ 204 |[ 156 |[ 116 ]
Avg + 15td. Deviations [ 2984 | 775 || 22806.00 || 2366516 |[ 137 |[ 184 |[ 400 Avg + 15td. Deviations [ 306 || 114 || 22806.00 || 68818.08 || 227 |[ 174 |[ 131
Avg + 2 Std. Deviations [ 340.0 | 954 || 27356.28 || 2780821 || 149 ][ 201 |[ 436 | Avg + 2 Std. Deviations [ 33.7 || 138 || 27356.28 || 8216759 || 249 | 189 144
Maximum | 340.6 || 96.4 |[ 27565.23 || 2795825 || 149 ][ 201 ][ 437 Maximum | 33.8 || 13.9 || 27565.23 || 8278009 |[ 249 ][ 190][ 145]
Damage Centroid Depth (x) (inches) k2 Damage Centroid Depth (x) (inches) k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 386.40 Area of Damage (inches?): 305136
4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to: 4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301 Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301
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APPENDIX 3

Crush Length = OPTION 2

Impala Stiffness Values from NHTSA Tests =
MAXIMUM CRUSH

Crush Measurement Spacing = NON-EQUAL

Lever Arm and Angle = YES

Page 1 = “KNOWN” = Bullet
Page 2 = “UNKNOWN” = Target
Page 3 = The two pages combined onto 1
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4N6XPRT StifCalcs® Force Balance - Page 1 of 2

2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact

Curb Weight (pounds):
Occupant + Cargo Weight (pounds):
Total Weight (pounds):

Angle Coll Force to Normal (degrees):

PDOF

Yaw Moment of Inertia (Ib-ft-sec?)

Lever Arm Distance (inches):

"Known" Stiffness Values

No Damage Speed (mph): Average | A256.8 | | > 59.6 |
Energy Crush Depth (inches): Minimum | 207.6 | | 404 |
Damage Length (inches): [ 523] Maximum | 340.6 | | 96.4 |
Crush Profile Measurements: El Std. Devation | 416 | | 17.9 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
€1 (inches (inches) (inches?) (inches) (inches®) (inches) (inches®)
O (inches) [ 980] | 17.70 | | 84.96 | | 3.20 | | 271.87 | | 11.80 | |  1002.53 |
3 (inchey [ 1230] | 460 | | 50.37 | | 550 | | 27717 | | 6.99 | | 352.31 |
| 1070 | | 11449 | | 539 | | 617.09 | | 2648 | | 3032.08 |
C4 (inches)
5 (inches) [ aaa] | 12.20 | | 82.35 | | 351 | | 289.16 | | 4199 | [ 3458.05 |
6 (inches [ 000 ] | 7.10 | | 15.62 | | 147 | | 2291 | | 30.77 | | 480.58 |
e ) ) ) ) ) e
e —T | | | | | |
R — | | | | | |
C10 (inches) [ |
Average Crush (inches):
Results A\Igzrriie Damage SpKeEed Delta V (;Is::dg
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 207.6 || 404 || 12454.10 || 1331806 || 103 || 110 239 |
Avg - 2 Std. Deviations | 1736 || 2338 || 8678.34 || 10722.52 || 9.2 || 95| 207 ]
Avg - 1 Std. Deviations | 215.2 || 417 || 12878.90 || 1379392 || 105 || 112 243 ]
Average | 256.8 || 59.6 || 17079.46 || 1719565 || 117 || 127 ]| 275 |
Avg + 1 Std. Deviations | 2984 || 775 || 21280.02 || 2069882 |[ 128 |[ 140 304 ]
Avg + 2 Std. Deviations | 340.0 || 954 || 25480.58 || 2424634 || 139 |[ 152 || 33.0|
Maximum | 340.6 || 96.4 || 25670.17 || 2436875 || 139 |[ 153 [ 331 |
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 347.79 |

Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS
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4N6XPRT StifCalcs® Force Balance - Page 2 of 2

1995 CADILLAC ELDORADO - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) m
Angle Coll Force to Normal (degrees):
No Damage Speed (mph):
Energy Crush Depth (inches):
Damage Length (inches):
Crush Profile Measurements:
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®)
C1 (inches)
| 29.30 | | 68.86 | | 157 | | 107.87 | | 1953 | | 134497 |
C2 (inches)
| 1830 | [ 130.85 | | 371 | | 486.08 | | 2850 | | 372844 |
C3 (inches)
| 1.30 | | 1196 | | 4.60 | | 55.05 | | 3.24 | | 38.76 |
C4 (inches) | 10 10 ¥ 10 10 |
10.60 147.34 7.26 1069.96 37.75 5561.82
C5 (inches)
| 860 | [ 17243 | | 1003 | [ 173019 | | 3878 | [ 6685.98 |
C6 (inches)
| 1810 | | 37739 | | 1043 | | 393443 | | 99.51 | [ 37555.03 |
C7 (inches)
| 1080 | | 196.02 | | 913 | |  1789.69 | | 69.96 | | 13712.98 |
C8 (inches)
| 3360 | [ 337.68 | | 555 | | 1875.61 | | 24885 | | 84032.26 |
C9 (inches)
| 25.30 | | 55.66 | | 147 | | 8163 | | 210.83 | | 11734.98 |
C10 (inches)
Average Crush (inches):
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsubl
Minimum | 304 || 11.2 || 12454.10 || 19666.11 || 122 || 104 | 13.0 |
Avg - 2 Std. Deviations | 248 || 7.5 || 8678.34 || 14054.87 || 103 || 90| 106 |
Avg - 1 Std. Deviations | 310 || 117 || 12878.90 || 2029529 |[ 124 |[ 105 | 133 |
Average | 36.2 || 16.0 || 17079.46 || 26500.18 |[ 141 |[ 119 [ 155 |
Avg + 1 Std. Deviations | 40.9 || 203 || 21280.02 || 3268201 || 157 || 132 175
Avg + 2 Std. Deviations | 45.1 || 2438 || 25480.58 || 38847.32 || 171 || 143 193]
Maximum | 453 || 25.0 || 25670.17 || 39125.26 || 171 || 144 || 194 |

Damage Centroid Depth (x) (inches)
Damage Centroid Depth (y) (inches)
Area of Damage (inches?): [ 149818 ]

<
Eff. Mass Ratio (gamma)

4NG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 15R-0302015C02301
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4NG6XPRT StifCalcs® Force Balance - Page 1 of 2 4NG6XPRT StifCalcs® Force Balance - Page 2 of 2
2006 CHEVROLET IMPALA MSP POLICE PACKAGE - Front Impact 1995 CADILLAC ELDORADO - Side Impact
i . PDOF i . PDOF
Curb Weight (pounds): OF L ever Arm Distance (inches): Curb Weight (pounds): OF  Lever Am Distance (inches):
Occupant + Cargo Weight (pounds): , _ Occupant + Cargo Weight (pounds): ,
Total Weight (pounds): 3764 Yaw Moment of Inertia (Ib-ft-sec?) 2670.92 Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2904.73
Angle Coll Force to Normal (degrees): "Known" Stiffness Values Angle Coll Force to Normal (degrees):
A B
No Damage Speed (mph): Average [ 25638 | | 596 | No Damage Speed (mph):
Energy Crush Depth (inches): Minimum [ 2076 ] | 204 | Energy Crush Depth (inches):
Damage Length (inches): @ Maximum [ 3406 | | 96.4 | Damage Length (inches):
Crush Profile Measurements; [ 6] Std. Devation | a6] | 179 | Crush Profile Measurements:
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y) Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches®) (inches) (inches®) (inches) (inches?) (inches) (inches®) (inches) (inches®)
Cinchey [_om0] 1 | 1 | 1 | Cinchey [_om0] 1 | 1 | 1 |
17.70 84.96 320 271.87 11.80 1002.53 29.30 68.86 157 107.87 19.53 1344.97
2 (nches [_980] 1 | 1 | 1 ! 2 (nches [_am0] 1 | 1 | 1 !
4.60 50.37 5.50 277.17 6.99 35231 18.30 130.85 371 486.08 28.50 372844
@ (nche [ 32301 1 | 1 | 1 | S nchey [_2801 1 | 1 | 1 |
10.70 114.49 539 617.09 26.48 3032.08 1.30 11.96 4.60 55.05 3.24 38.76
C4 (inches) C4 (inches)
| 12.20 | | 8235 | | 351 | | 289.16 | | 41.99 | [ 345805 | | 1060 | [ 14734 | 726 | [ 1069.96 | | 37.75 | [ 556182 |
Csnches) [_40 ], 1 | 1 | 1 | S nches) [ 1300 ] 1 | 1 | 1 |
7.10 15.62 147 2291 30.77 480.58 8.60 172.43 10.03 1730.19 38.78 6685.98
co(nches [_omo] 1 | 1 | 1 | co(nchey [10] 1 | 1 | 1 |
18.10 377.39 10.43 393443 99.51 37555.03
e 1 | 1 | 1 | @7 (nches) [ 20801 1 | 1 | 1 |
10.80 196.02 9.13 1789.69 69.96 13712.98
R — 1 | 1 | 1 | s (nehey [ 25701 1 | 1 | 1 |
33.60 337.68 5.55 1875.61 248.85 84032.26
C9(inches) ] €9 (inches)
| | | [ | | [ | | | 2530 | | 55.66 | | 147 | | 81.63 | | 210.83 | [ 1173498 |
C10 (inches) C10 (inches) 0.00
Average Crush (inches): Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed DeltaV ~ Speed Results Force Damage Speed  Delta V
A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  (MPH) A B (poundsf)  Energy (ft*lbs)  (mph)  (mph)  bsubl
Minimum [ 207.6 || 404 | 12454.10 || 1331806 || 103 ][ 110][ 239 Minimum [ 30.4 || 112 || 12454.10 || 1966611 || 122 ][ 104]|[ 130
Avg - 2 Std. Deviations [ 1736 [ 2338 || 867834 || 1072252 [ 92][  9s][ 207] Avg - 2 Std. Deviations [ 2438 || 7.5 || 867834 |[ 1405487 |[ 103][ 90][ 106]
Avg - 1 Std. Deviations [ 215.2 || 417 | 12878.90 || 1379392 |[ 105 ][ 112 ][ 243 Avg - 1 Std. Deviations [ 31.0 || 117 || 12878.90 | 2029529 |[ 124 ][ 105][ 133
Average | 256.8 | 59.6 || 17079.46 || 1719565 || 117 ][ 127][  275] Average | 36.2 | 16.0 |[ 17079.46 || 2650018 |[ 141 ][ 119][ 155]
Avg + 15td. Deviations [ 2984 | 775 || 21280.02 || 2069882 || 128 |[ 140][ 304 Avg + 15td. Deviations [ 409 || 203 || 21280.02 || 32682.01 || 157 |[ 132|[ 175
Avg + 2 Std. Deviations [ 340.0 | 954 || 2548058 [ 2424634 || 139 |[ 152][ 330] Avg + 2 Std. Deviations [ 45 [ 248 ][ 2548058 [ 3884732 || 171 ][ 143][ 193]
Maximum | 340.6 || 96.4 |[ 25670.17 || 2436875 || 139 ][ 153 ][ 331 Maximum | 453 [ 25.0 |[ 25670.17 || 3912526 |[ 171 ][ 144 ][ 194
Damage Centroid Depth (x) (inches) k2 Damage Centroid Depth (x) (inches) 743 k2
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)
Area of Damage (inches?): 347.79 Area of Damage (inches?): 1498.18
4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to: 4AN6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:
Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301 Registered Owner: 4N6XPRT SYSTEMS Serial Number: 15R-0302015C02301
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