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DISCLAIMER

The opinions and analysis contained within this document are entirely the product of Daniel W.
Vomhof III. While none/some/most/all of them may be shared by others, they are not responsible
for what is contained within this document.

In other words, DO NOT let any disagreement you may have with things stated in this document
reflect poorly upon the Crash Team or the organization hosting the crash testing. The author
bears any and all responsibility for this document’s contents.

Force Balance Background

Historically, Force Balance is a mathematical model which allows one to calculate stiffness
values for an “unknown” vehicle based upon the stiffness values of a “known” vehicle and the
damage crush profiles of both vehicles. The basis of this model is “Equal but Opposite Force”,
Newton’s Third Law of Motion.

This method is often applied when there are either (A) no stiffness values available for a vehicle
due to a lack of tests or (B) due to angle of impact and/or override/underride issues the available
stiffness values for a vehicle and its impact surface are not applicable. For further explanation
and a detailed analysis of the calculations involved, see "Balancing Collision Forces in
Crush/Energy Analyses - Second Edition" by Nathan Shigemura and Andrew Rich which is
available through - https://store.iptm.org/products/

The 4N6XPRT StifCalcs® program has a Force Balance calculation module as a part of the
program. This module does the basic stiffness calculations of the original Force Balance model,
and has added the additional calculations for Kinetic Energy Equivalent speed and Delta-V for
both vehicles, and the closing speed between the two vehicles, which is displayed on the
“KNOWN?” vehicle page. Because of these additional calculations, application of this method to
crashes where crush data is available is useful as a check upon EDR/CDR downloads. It is also
useful in collisions where EDR/CDR downloads are not available due to the age of the vehicles
(i.e. - lack of EDR/CDR Support) or equipment/power failure.

Crash Test Overview

This crash involved the front end of a 2010 Dodge Avenger impacting the left rear axle of a 2001
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Jaguar XK8. The Dodge is an EDR/CDR supported vehicle. The Jaguar is not. Several
accelerometers were placed into the Jaguar to help gather instrumentation data to guide the
analysis when attempting to reconstruct the collision as if it was a “real” collision on the
roadway.

As aresult of the crash, the entire right rear wheel broke off from the Jaguar and was embedded
in the front of the Dodge. This tire left scrape marks from the rim and tire “skid” marks from the
sidewall and tread of the tire as it rubbed on the ground from impact to rest.

There are no crash tests in the NHTSA Crash Test database for the Jaguar. There are a total of
seven (7) tests for the front end of the Dodge and it same/similar vehicles.

Due to the lack of tests and therefore side stiffness values for the Jaguar, along with the fact that
the impact was over the rear axle instead of between the axles where most side tests are
conducted, any speed from crush analysis goes beyond simply punching data into a CRASH III
program.

Additionally, the lack of EDR/CDR in the Jaguar, needing to account for and distribute the tire
braking forces across five (5) tires instead of four (4) with regard to the Dodge Avenger post
impact travel, and the fact that the Dodge Avenger also suffered a Left Front tire deflation as a
result of the collision, all serve to increase the difficulty of analyzing post impact speeds for the
Dodge and thus increases the difficulty of establishing collision speeds. The spin of the Jaguar,
three (3) tires instead of four (4), and the dragging of the Left Rear axle instead of a tire serve to
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do the same thing with regards to establishing post impact speeds for the Jaguar. The lack of
good post impact speeds for both vehicles lessens the accuracy of any speed determinations
obtained by Conservation of Linear Momentum calculations.

A Force Balance approach to evaluating the collision speeds from the damage to both the Dodge
and the Jaguar removes some of the difficulty as it does not rely on any post impact evidence
beyond the residual crush to the two vehicles.

Preparation

In order to conduct any speed from crush analysis, there needs to be crush, and that crush needs
to be measured. To do this, [ used Recon-3D running on an iPhone 15 Pro Max. Both vehicles
were scanned Pre- and Post- crash, “merged” using Cloud Compare, and then “sliced” at the
crush deformation level, again using Cloud Compare

Recon-3D Vehicle Scans - Pre / Post / Merged

Pre-Test Post-Test
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Sliced
<- Jaguar / Dodge ->

While you are still in Cloud Compare, once you have your slice, make sure it is oriented so that
the X and Y axis can be used for the Crush depth and length measurements. For this test, the
slice was aligned so that the y-axis defined the crush depths, and the x-axis defined the crush
length measurements. From there, first the crush measurements were defined at the “critical” or
“bend” points in the damage profile. The vertical lines between the undamaged and damaged
profiles show where I judged these points to be. The delta-x dimension associated with each line
is the crush depth for that point. The lateral lines between each vertical line along the profile
were used to find the incremental crush lengths. Those measurements are the delta-y dimension
associated with each line. While these are unequally spaced measurements instead of the equally
spaced measurements most people are more familiar with, they do a better job of defining the
crush profile, and, the Force Balance tool within 4N6XPRT StifCalcs® was designed to use
either equally or unequally spaced crush measurements.

2010 Dodge Avenger Damage Profite - IPTM 2026 Symposium - CT2
Units = Inches
delta-y = crush depth  delta-x = crush length

Distutca: 52,1155

2001 Jaguar XK8 Damage Profile - IPTM 2026 Symposium - CT2
Units = Inches
delta-y = crush depth  delta-x = crush length
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Other methods of obtaining the crush measurements are available, including Total Station, higher
end scanners, and Manual Measurements out at a scene or in a tow yard. The method described
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above, however, is the easiest, quickest, and most accurate for me working within my budget.
Calculation Setup

Once you have good crush measurements for your vehicles, you need to setup the calculations.
For this process, I will be using the Force Balance tool contained within 4N6XPRT StifCalcs®
program.

Step 1 - Obtain stiffness values.

To illustrate what you would find when looking at the NHTSA database within the 4N6XPRT
StifCalcs® program for Jaguar tests, here is what you would find. When you conduct a search
based on the Make, Model, and Year Range specific to the 2001 Jaguar XK8, there are no tests
available at all. Searching the entire database for tests on Jaguar, there are eight (8) tests for the
X-Type model, one (1) is a side test, the other seven (7) are front tests, and three (3) tests for the
XF model, all of them front tests.

2001 Jaguar XK8 All Jaguar - X-Type All Jaguar - XF
No tests in desired Year Range 8 tests - 7 Front - 1 Side 3 Tests - All Front

- ] o Yt 2] B - Bl - |

¥ [ = e Bl - | ¥ [ = e Bl - |

P Mo Taers: 1987 - 3008

e Trainl

N Sidn Testa 1997 . 7006

So, next we look to see what is available for the front of the 2010 Dodge Avenger within the
AN6XPRT StifCalcs® program. There are a total of seven (7) tests where stiffness values can
maybe be calculated -

=) ANGXPRT StifCalcs - Selected Vehicle: 2010 DODGE AVENGER - D
File PrintReports Settings Help RegTo: 4NGXPRT SYSTEMS  StifCalcs Version: 45.1.3
Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance

Available Test | Test Information| | Occupant Information | | Vehicle Information | | Stiffness Cales |

Available Tests in the NHTSA database for a

2010 DODGE AVENGER
i Similar Vehicles Searched Year Range (2007 - 2014)
Print Frontal Test(s)

Test No. Year Make Madel Impact Speed~  Max Crush Crush Facter VDI PDOF Test Canfig VIN

9868 2012 DODGE AVEMGER 0.0 0.0 0.0 0 IMPACTOR IN... ~
| 6621 2008 CHRYSLER SEERING 0.0 0.0 0.0 0 STATIC AIR B... [ 1C3LCA5K58N...

| 74T 2012 CHRYSLER 200 1595 154 10.2 1DLPAN3 0 WEHICLE INTO..| 1C3CCBABAC...
8195 2013 DODGE AVEMGER 247 19.8 12.4 12FDEW2 [i] WEHICLE INTO..| 1C3CDZARTD...
6169 2008 CHRYSLER SEERING COMN...[ 35.1 213 231 12FDEWE 0 WEHICLE INTO...| 1C3LC45K58N...
6197 2008 DODGE AVENGER 35.1 200 247 12FDEWE 0 WEHICLE INTQ...| 1B3LCA6K18M...
3886 2007 CHRYSLER SEBRING 35.2 169 203 12FDEW6 0 WEHICLE INTQ...| TC3LC56K3TN..,
7482 2012 CHRYSLER 200 35.2 161 30.7 12FDEWZ 0 WEHICLE INTOL.[ 1C3CCBABTC...

[ Tded 2012 DODGE AVEMGER 35.2 161 0.7 12FDEWE 0 VEHICLE INTO...[ 1C3CDZEGXC... ‘

-
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When the user clicks on the PRINT button in the upper left above the test list box, you get a Test
Summary of stiffness values based on the information contained in the database -

2010 Dodge Avenger Front Stiffness Test Summary

Test Summary Report |
Frontal Tests | Rear Tests | Side Tests | Other / Not Calculated |
i Test.. Year Make Modef Body Style Mo Damage Speed  Crush Distance  KEES  Stiffness A | StiffnessB  StiffnessG Kv Crush Fac...{
| 7477 2012 CHRYSLER 200 FOUR DOGR SEDAN 50 299 195 1043 107 508.1 18.1 54
| 8195 2013 DODGE AVENGER FOUR DOCR SEDAN 50 128 247 3289 1014 536.7 1583 191
| 6197 2008 DODGE AVENGER FOUR DOOR SEDAN 50 180 35.1 3494 a7 523.1 1586 274
{6169 2008 CHRYSLER SEBRING CONVERTIBLE COMNVERTIBLE 5.0 180 351 395.8 1323 5923 1798 274
| 5886 2007 CHRYSLER SEBRING FOUR DOOR SEDAN 50 146 352 4315 1782 5224 2422 339
| Mp4 2012 DODGE AVENGER FOUR DOCR SEDAN 30 14.0 352 4240 208.5 561.6 2834 353
| 7482 2012 CHRYSLER 200 FOUR DOGR SEDAN 50 133 352 4874 2205 5386 2096 37
| < >
A B G Kv CF
To select multiple records hold the ctrl key down and dlick on the records you wish to select
4 Average 368.9 1383 5404 191.7 26.5
Remove Send A/B Values to Force Balance
- D - ) Minimum 1043 07 508.1 191 54
Maximum 4874 2205 592.3 299.6 ETA|
Std D 1316 724 284 955 1
| Print this Page Print All Pages Cancel Save To C5V s
Number of Tests 7

The tests have been sorted based on the “A” stiffness value.

The full set of seven (7) tests are then ported into the 4AN6XPRT StifCalcs® Force Balance
module by clicking on the “Send A/B Values to Force Balance” button. That will open the Force
Balance module with the stiffness values in place. After you have completed the basic data input
for the two vehicles, it will look something like this.

- ANGXPRT StifCaics - oIl
File Print Reports Settings Help Reg To: ANGXPRT SYSTEMS  StifCalcs Version: 4.5.1.3
Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance

Load previously saved colfn_parifpg. Save current comparision EC[ear.ﬂt_l’l Data Force Re-Calculations || Print I Print PDF [] Shade Results on Printout
| Select Vehicle 1 From AS Lite | Vehicle 1 ManualInput || Clear Vehicle 1 Data | [ | Metric [Select Vehicle 2 From ASLite|  Vehicle 2 Manual Input | Clear Vehicle 2 Data)
|
2010 DODGE AVENGER 2001 JAGUAR XK8 "
Curb Weight (pounds); | 355 ] | PoOF Curb Weight {pounds): | 3062 PDOF
Lever Arm Distance (inches): | 0.00 | Lever Arm Distance (inches): | 0.00
Occupant + Cargo Weight (pounds): | 0 Occupant + Cargo Weight (pounds); | 0 .
Y¥aw Moment of Inertia (Ib-ft-sec’): | 2249.65 = ' Yaw Moment of Inertia (Ib-ft-sec’): | 2874.88
Total Weight {pounds): | 3355 Total Weight {pounds): | 3862
Auto-Calculate Yaw Moment Auto-Calculate Yaw Moment [¥]
Angle Coll Force to Normal [degrees): | 0 Angle Coll Force to Normal [degrees): | 0
Impact Location Impact Location
No Damage Speed (mph): | 5 @Font  OSide  ORear O Gther BoBaina=speelrhi] 10 @Front  (OSide  (JRear () Other
Energy Crush Depth (inches): | 1277 Energy Crush Depth {inches): | 7.91
Auto-Calculate Energy Crush Depth Vehide TiCoush Measiremenits Auto-Calculate Energy Crush Depth [V]
A (lb/in.) B (Ibfin)
Average | 362.9 1383
Damage Length {inches);: | 66.1 Minimum | 1043 107 Damage Length (inches): | 91.2
Crush Profile Measurements; | 7 Maximum | 487.4 2205 Crush Profile Measurements: | 8 9
e : |
< >

Note that the Lever Arm Distance for both vehicles is initially set to ‘0' as is the Angle Coll
Force to Normal. This is a good starting point as it will give you the minimum speeds and
calculated stiffness values in the results.

Scrolling down, you now input the crush profile data from your notes. For non-equal spacing, |
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let the program tell me what the total Damage Length is, and then enter it.

_ ANGXPRT StifCalc

-
File PrintReports Settings Help Reg To: ANGXPRT SYSTEMS  StifCalcs Version: 4.5.1.3
| Basic vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance |
- Vehicle 1 Crush Measurements
Auto-Calculate Energy Crush Depih [v] Ay B
Average 389 | 1383
Damage Length inches}: | 66.1 Minimurn | 10;1 3 | [w7 ]
Crush Profile Messurements; | 7 ] \ |?20_5 ‘
Crhibang Std, Devation \ s | (724 |
() Equal @) Non-Equal
Zone Ares  Zome Ares
Depth(x) Depth() Depthly) Depthly)
Cl finy | Spacing  ZoneArea (inches) (inches”) (inches) (inches’)
——(sa0 (20 [ (s (5B |[@ma |
LN o |[s |[38s | [a032 H‘lﬁﬁ?- | [13168 \
- e LI |
c3 ) Igw e —— ] —
g |l-=4-.\12m [ 192.54 H?aa |[150842 |[3274 ||e30784 |
ol [ | —_—
= 1500 (3:se0 [tos1  [|3aes | et | te72e7s |
oitny 2210 | : ; :
(630 [[12380 [[oss |[[122250 | 282 |[m;338 |
ceing | 17.20 e = =
=——[rzn |[mz |53 ||52519 NGRS
e B | [ I
Rt | \ |
| o —
L <

Auto-Calculate Energy Crush Depth [v]

Damage Length (inches); 912 1

Crush Profile Messurements: | & |

Crush Spaci
Ofqul @ NonEaual
Zone  Ares  Zome  Awa
Depth(y) Depthls  Depthly) Depthiy)
cigny oo | Spacing  ZoneArea  (inches) ,(*'1‘3‘;5,1 {inches) ,Jﬂ‘ﬁi&)},
i —— [[z2z:2 |[190 | #2718 [[537  [[nmss |
Cg‘mJ 12826 || see  [[7es20 |[wes  |[amras |
o "~ [wma (o7 | eom |2 [z |
'GS"'; ‘,W: [|3216  |[s0s  |[we280 |[1128 |[3e284 |
. 5 I (s |[mere (595 | e |[vos0 | [sasses |
U(M s ]|2m [[2535  |[498 | 12618 |[1419 \'35974 7l
i e [3220 (11753 ||243 || amsee | |ap3s3 || 2396828 |
e T I
C8find

v

If everything is completed and entered properly, then scrolling down a bit further shows the

v

calculated results.
File PrintReports Settings Help Reg To: ANGXPRT SYSTEMS  StifCales Version: 4.5.1.2
| Basic vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance |
Load saved comparison| | Save current comparision | |Clear Al Data|| ForceRe-Calcuiations || Print || PrintPDF |  [7]Shade Results on Printout
[Select Ve ic (&:m Vehicl
2010 Dodge Avenger e [ 2001 Jaguar XK8
9 {in} ‘ 8 Gin) "
C10(in.) Il Il ! C10(in) L Il Il I 1L !
Average Crush (inches): 1277 Average Crush (inches): 791
Results Results
Average  Damage Closing Average  Damage
A B Force Energy KESpeed  DeftaV Speed A B Force Energy  KESpeed  DeltaV bSubd
(bfin)  (bfinY) (pounds) (ftlas)  (mph)  (mph)  (mph) _bfin) (/] (ooundsf) (flos) (moh) (mph) *Y
Minimum (1043 (107 |[mez02 | eazs22 121 [138 |[2ss | Minimum (133551 |\m3ua |\2239537 |[122 \|11 7 e8|
Avg-25td. Deviations | 1057 |[65  |[wa [ wa  ([wa [[wa [[wa | | Avg-25.Deviations| A ([Nea [[wa [ na (A ((wa (A |
Avg-15td, Deviations | 237.3 || 650 || 3565576 | | 57855.62 || 227 IEE] || 42.6 Avg - 15td, Devlations | 406.7 i 74 | 3565576 H 52414,03 H199 \|195 I\zos |
| Il I
Average (3689|183 |[oseras | voworar| (114 [0 [[sm0 | Average | 6344 H-ﬂs.d |‘7u§45_”ﬁgssu \|z7 Hzm Hsz.u =1
Avg+ 15t Deviatio... 5005 (2107 || wosa67aa] tezsensd) (381|370 |[684 || Avg+ 15wl Devietio. 8130|1896 | wsaora| 1e0essan (303 (313 [[aw |
Avg+ 25, Devintio.. (6321 |[230 || vosrema (2150461 (835 ([422 [[780 || Avge25ed Devistio.. (0650 2672 | earema|[sa1sads (M2 ([38 [[487 |
Maimum (4874 |[2205 | [10017026] 1670066 (387|375 |[ees | Maimum (8302 |[197.7 | toerros| nameraz (37 [[me (a8 |
Damage Centroid Depth (4 (inches): | 37 ] K [s0ea | Damage Centreid Depth () (inches}: | 516 | @ (s |
Damage Centroid Depth (y) (inches): | 41.89 | EFf. Mass Ratio (gamma) | 100 | Damage Centroid Depth (y) (inches): | 85.72 I Eff. Mass Ratio (gamma) | mo |
Area of Damage (inches™): I 844,10 | Area of Damage (inches’): [72138
€
sl L

>

In general, we have a good solution when the instrumented results are within +/- 1 Standard
Deviation of the values obtained using the AVERAGE A-B Stiffness values obtained from the
NHTSA tests. The other way of stating this is that, when you have a good stiffness data set, when
you have a good set of crush profile measurements, and when you have crush deformation that is
consistent with how the stiffness values are derived (i.e. - the force is essentially parallel to the
ground, not vertical in either an upwards or downwards direction) the expectation is, your actual

collision speeds will be within the range of +/- 1 Standard Deviation of the calculated speeds
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using the force balance approach. See some additional notes and caveats at the end of this write
up for other considerations that need to be kept in mind.

In this case the instrumented closing (i.e.- impact) speed was 66-68 mph. Which is just at or
below the Closing speed calculated using the +1 Standard Deviation Stiffness Values. The speed
calculated using the Average Stiffness Values is 57 mph, which again, given the setup of the
Lever Arm = 0 and Collision Force Angle = 0, is lower than actual, and is expected to be given
that there is a significant lever arm involved.

Along with the comparison of the Closing Speed, when available, the delta-v speeds should be
compared. The delta-v for the Dodge Avenger from the ACM is 26-29 mph. When looking at the
calculated delta-v at the +1 Standard Deviation level, the calculated delta-v for the Dodge
Avenger is about 8§ mph higher than that which was measured by the ACM

The Jaguar has several delta-v’s, which are dependant upon where they were measured and how
they were determined/calculated. Those speeds are:

"ACM" delta-v 27 mph
Spin Analysis delta-v 32-34 mph
Rear Seat delta-v ~40-42 mph
"Full Evaluation" delta-v ~38.5 mph

These are “defined” as -

* "ACM" delta-v - This is the delta-v measured by the ride along accelerometer at the
position that the ACM would normally be positioned.

* Spin Analysis delta-v - This is the Point of Impact to Point of Rest (and yes, in this
case they truly are “points” speed calculated through a spin-analysis similar to
what is contained in the “Fundamentals of Traffic Crash Reconstruction” by
Daily-Daily-Shigemura, which is sold through IPTM. Because the Jaguar started
with a speed of 0 mph, all of the post impact speed is also its delta-v.

* Rear Seat delta-v - This is the delta-v measured by the ride along accelerometer
mounted on the vehicle centerline on a cross bar member that is positioned
directly behind the Rear seat back. This delta-v has been eliminated from the
comparisons due to its primarily reflecting the delta-v of the rear of the vehicle as
it spins out of the path of the Dodge, rather than the delta-v of the entire vehicle.

* "Full Evaluation' delta-v - This is what was determined by people experienced in the
data available from a variety of accelerometers to be the appropriate delta-v for
the Jaguar given the totality of the data available.

The delta-v calculated for the Jaguar at the +1 Standard Deviation level is ~ 31 mph. While ~7
mph below the “Full Evaluation” delta-v, it is right inline with the delta-v from the ACM
position and the delta-v calculated from Spin Analysis.
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A visual examination of the Jaguar would approximate the PDOF going through the rear axle of

the Jaguar.

Expert AutoStats® shows that the distance from the rear axle to the Center Gravity is ~53 inches.

Expert Autabtats @

angle Front Bumper ta Hood Front
angle Front of Hood to wWindshield Base
Angle Front of Hood to windshield Tap
angle of windshield

Angle af Steering Tires at Max Turn

2001 JaGUaR XKB 2 DOOR CONVERTIELE

angle Messyrepents

center ol Gravity

Inches from graund = 20,83
inches behind fromt axle - 48. 496
Inches Fram Trant bBunper - 856.96
Inches From front corner - 95.51

Tip-over Stahility Ratio

Yam Manent of Inertia -
mitch Moment of Inertia -
Rall eanent of Inertia -

Expert AutoStatdsf Registered to: 4NEXPRAT Sysitens

Inches from side aof vehicle = 39.50 .i"la

Inches From rear
Inchés From rear

degress

= [ 7] dearess
= [ ] degress

= LB, 1| degress
- 27.0| deq

FEes

Tnches |n front af eedr zxls - 53-0&
bumnper - L. 34
COFEr - 107,56

Stable

= [ 1a7]

MHTSA Static Stability Factor (calculated) Star Rating =

v i .

]

2874, 86| Th*Fr¥sec™

287338 | Th*frégec?

563.16 | 1b*fFrrsec™

terial Mumber: ZER-93051Zaq...

Using the information from Expert AutoStats® the Lever Arm dimension for the Jaguar is

adjusted to 53 inches.

File PrintReportc Settings Help Reg To: ANGXPRT SYSTEMS  StifCalcs Version: 4.5.1.3
Basic Vehicle Search | WHTSA Test Selection | Advanced Vehicle Search | Force Balance

Select Vehicle 1 From AS Lite | Vehicle 1 Manual Input | Clear Vehicle 1 Data | [] Metric
2010 DODGE AVENGER

Curb Weight (pounds): | 3355 PDOF
! Lever Amm Distance {inches): | 0.00

Occupant + Cargo Weight {pounds}: | 0 —
Yaw Moment of Inertia (lb-ft-sec”): | 2240.65
Total Weight (pounds): | 3355

Auto-Caleulate Yaw Moment

Angle Coll Force to Normal (degrees); | 0
Impact Location
Mo SamagsSpeed riphic 5 @Font  (Side  (JResr () Other
Energy Crush Depth (inches): 12,77
Vehicle 1 Grush Measurements

Auto-Calculate Energy Crush Depth [+
L pth A(b/in)  B(b/in?

Average 3688 | 1382

Damage Length (inches): | 66.1 Minimum | 104.3 107
Crush Profile Measurements: | 7 Maxdmum | 4374 | 2205
Std. Devation | 131.6 724

Crush Spating
) Equal (® Non-Equal

o 4NGBXPRT StifCalcs - Selected Vehicle; 2010 DODGE AVENGER

Load previously saved comparison Save current comparision | Clear All Data ;‘ Force Re-Calculations Print || print PDF

[shade

) |

Results on Printout

[Select Vehicle 2 From AS Lite | Vehicle 2 Manual Input || Clear Vehicle 2 Data

2001 JAGUAR XK8

Curb Weight (pounds): |
Occupant + Cargo Weight (pounds);
Total Weight {pounds);
Angle Coll Farce to Normal (degrees):
Mo Damage Speed (mph:
Energy Crush Depth (inches):

3962
0
3962

]

10
791

Aute-Calculate Energy Crush Depth

Darmage Length (inches);
Crush Profile Measurements:

Crush Spacing
) Equal (® Non-Equal

912
8

PDOF
Lever Arm Distance (inches): | 53

Yaw Moment of Inertia (Ib-ft-sec”): | 2874.86
Auto-Calculate Yaw Moment []

Impact Location
(O Front @ Side  (JRear () Other
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The change to the Jaguar Lever Arm, but no other changes, gives the following results.

File PrintReports Settings Help Reg To: ANGXPRT SYSTEMS  StifCalcs Version: 4.5.1.3 N
| Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance |

Load previously saved comparison| | Save cutrent comparisi | [Clear All Data || Force Re-Calculations || Print || PrintPDF | [ Shade Results on Printout
[Select etric [Select Vehic
: 2010 Dodge Avenger T 2001Jaguar XK8
cio ! C10(in) "
Average Crush (inches): 1277 Average Crush (inches): 791
Results Results
Average  Damage Clesing Average  Damage
A B Force Energy  KESpeed  DeftaV  Speed A B Force Epegyl Kbspeed llefalMi oo
(bfin)  (bAinY) (pounds) (fflbs)  (mph)  (mph)  (mph) Ubfinj  (b/in) (poundsf) (ftrlbs)  (mph)  (mph) i
Minimum 1043 | [107  |[798303 | teasaz |21 [mi7 299 | Minimum | 1339 || 5.1 || 798303 || 2280537 || 132 |99 |68 |
Avg-25td. Devictions | 1057 |[-65  |[wa  |[wA  [[wA  [[wA  [[WA | | Avg-25w.Devistions A (WA (WA [[wa [[wa [[na | [wa
Avg-1Std. Deviations | 2373 |[659 [ 3sess76 | [s7essse (27 [[19s  [[s0a Avg-1Std. Deviations | 4067 | (474 |[ 356556 | samaes (1m0 [[1es  |[205 |
Average|3889  |[1383 || 7oseias | 10741 (314 (263 |[emt | Average 6344  |[1154 | 7056145 | s7iosso |57 (22 | 320
0. Dl 16256 fvg+ 15td, Deviatio... | 813.0 || 1896 || 105467.1 10 |

12095321 | 303 B

Avg + 2 5td. Deviato...| e s s R e D |
| Mazximum | I[1o77 | || 1249732 (307 || 270 '7;\41.9 |
Demage Centroid Depth (4 (inches}: | 837 ET Damage Centroid Depth () (inches); [ 516 | i (33450
Damage Centroid Depth (y) (inches): | 41,89 EF, Mass Ratio (gamma) | 1.00 | Damage Centroid Depth (y) (inches): | 85.72 | Eff, Mass Ratio (gamma) | 055 | u
Area of Damage (inches’); | 84410 | N Area of Damage (inches): | 72139 |
< > N

Changing the lever arm to reflect impact directly over the rear axle increases the speed calculated
for a given set of crush measurements and stiffness values. This can be seen in the results where
the Closing Speed calculated using the Average Stiffness Values has increased from 57.0 mph
when the Lever Arm = 0 to 67.1 mph when the Lever Arm = 53. Given that the instrumented
speeds were 66-68 mph, this is directly in the middle of those speeds.

Comparing the delta-v speeds for the Dodge on the same line (Average), the 26.3 calculated
speed is right in line with the ACM speed.

Looking at the Jaguar delta-v’s on the Average line, the calculated delta-v of 22.2 mph is about
16 mph low compared to the “Full Evaluation” value, 10-12 mph below the Spin Analysis value,
but only ~5 mph below the ACM value.

Closer examination of the video indicates that the actual Dodge Avenger centerline impact point
on the Jaguar was closer to 60.3 inches behind the Center of Gravity (i.e. - slightly behind the
rear axle of the Jaguar). Making that change to the lever arm -
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File PrintReports Settings Help Reg To: ANGXPRT SYSTEMS sufcm; Version: 4.5.1.3
| Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance |
|Lgardrg{ervl’uusri!s:z'\{erdicqmparison|! Save current comparisi | Clear Al Dﬁ!ﬁaﬁ Force Re-Caleulations | | phint | Iiir’rrini PDF | [[]Shade Results on Prinfout
| Select Vehicle | From AS Lite | Vehicle | Manual Input | Clear Vehicle 1 Data | [] Metric [Select Vehicle 2 From AS Lite | Vehicle 2 Manual Input || Clear Vehicle 2 Data]
2010 DODGE AVENGER 2001 JAGUAR XK8 "

Curb Weight (pounds): | 3255 J PDOF Curb Weight {pounds): | 3062 | PDOF - ~
Lever Amm Distence (inches): [0.00 | L 4 Lever Arm Distance (inches): 603 |
Occupant + Cargo Weight (pounds}: | 0 | e Occupant + Cargo Weight (pounds); 0 : =
Yaw Moment of Inertia (lb-ft-sec): | 2249.65 | —_— ‘Yaw Moment of Inertia (Ib-ft-sec”): | 2874.86 |

Total Weight (pounds): 3335 T Total Weight (pounds): | 3962

Auto-Caleulate Yaw Moment Auto-Calculate Yaw Moment
Angle Coll Force to Normal (degrees); | 0 | Angle Coll Farce ta Normal (degrees): | 0
Impact Location = Impact Location

NoDamagespesdfmphk(5 | g ool e e IS T OFont ®Side  (ORear () Other

Energy Crush Depth (inches): | 12.77 | Energy Crush Depth (inches): | 7.91

Auto-Calculate Energy Crush Depth [¥] Vet F Coith Mes sty Aute-Calculate Energy Crush Depth
A(b/in) B (b/inY
Average 3689 | [1383 |
Damage Length (inches): | 66.1 | Minimum o7 | Damage Length (inches): | 91.2
Crush Profile Measurements: | 7 | Maximum 205 | Crush Profile Measurements: 8
Crush Spacing Std. Devation L 724 Crush Spacing
) Equal (®) Non-Equal () Equal (®) Non-Equal 5
. . § e = e = ,

Produces the following results -

File PrintReports Settings Help Reg To: ANGXPRT SYSTEMS  StifCalcs Version: 45.1.3
| Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance |
|Load previously saved comparison| | Save current comparision | |Clear AliData|| Force Re-Caleulations || Print || PrntPDF | []Shade Resuts on Printout
= etric [eav
2 2010 Dodge Avenger = ca i) 2001 Jaguar XK8 A
c10( = 10 (in)
Average Crush (inches): 1277 Average Crush (inches): 791
Results Results
Average  Damage Closing Average  Damage
Force Energy KESpeed  DeftaV Speed A B Force Freegy  KESpesd DehaV Lo
Ubn’mJ V(Mﬂmﬁ (poundsf)  (ftrlbs)  (mph)  (mph)  (mph) Ubfin)  (Ib/in) (poundsf) (i) (mph) J,'"J"L il
Minimum | 1043 || 798202 ]| 16438.22 \[121 [[112 |311 | Minimum [ 1329 |51 [796303 || 2080537 | 32 |[95 [es |
Avg - 2 5td. Deviations | 1057 | [va |[wa [[wa [[wa [[NA || Avg-25td.Deviations| N/A |[Na ([wa [[wA [[wa (A |[wa
Avg-15td. Deviations | 2373 | 659 || 353576 ||smsse2 |27 [[189  |[521 | | Avg- 15td. Deviations irliais'.?i; [474  |[3sess7s || saarams (199 [[160  [[25 |
Average (3669 |[1383 | (7056145 [[1o10741| (314 (252 [e97 | Average| 6344 | [ 1154 \ 7056145 || 8719550 | 257 [[2:14 (30
Avg + 15td, Deviatio... | 500.5 |!é1c? | 105467.14] | 16256684 |3@1 NEED ;'&3.5 | | Avg + 1 std. Deviztio... | 8130 \|139.5 [ 10546714 \ 12095321| (303 |[2586 \|«u 0
Avg+ 25td Deviatio... 6321 | (2831 |[vaosram] (2150746 (439 (45 |[954 || Avge2stdDevitio.. 9650 | [2672 || wa037asd| 1sisaan|[mz [[m2  [4a7 |
Maimum 4874 | 205 | 10917026 [ t6710066] (387 (307 [|sas | Masimum 8202 [ 1977 ‘imswo.aag\ taag732| 307 |[60 |48 |
Damage Centroid Depth () (inches): | [837 | & 310904 | | Damage Centroid Depth () (inches): -51-6 | K | 3364.50
Damage Centroid Depth (y] (inches): | 41.89 | EFf. Mass Ratio (gamma) | 1.00 | Damage Centroid Depth (y) (inches): | 85.72 | Eff. Mass Ratio (gamma) |
Area of Damage (inches?): | | Area of Damage (inches): | 72139 | ¢
< >

The ~7 inch increase in the lever arm results in a ~2-3 mph increase in the closing speed, so that
the Closing Speed calculated from the Average Stiffness Values is no 69.7 mph. Which is just
over the instrumented closing speed of the Dodge Avenger at impact.

Comparing the delta-v speeds for the Dodge on the same line (Average), the 25.2 mph calculated
speed is again right in line with the ACM speed.

Looking at the Jaguar delta-v’s on the Average line, the calculated delta-v of 21.4 mph is about
17 mph low compared to the “Full Evaluation” value, 11-13 mph below the Spin Analysis value,

and ~6 mph below the ACM value.

We have preliminary results that look pretty good, especially when looking at the Dodge data.
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While the Jaguar comparisons are not as good, some of this can be attributed to the greater
uncertainties where the Jaguar is concerned due to the eccentric “hit” along with the uncertainty
as to what the appropriate “No Damage” value would be for the Jaguar given the impact is
directly over the rear axle and wheel.

Given that we have a speed solution that while not perfect, is looking pretty good, lets look to see
if we have any weak spots in our analysis.

When we look at the Test Summary Stiffness Values, one of the tests (#7477 - 2012 Chrysler
200) seems to be an outlier with low values.

Test Summary Repart [¥]
Frontal Tests | Rear Tests | Side Tests | Other / Not Calculated |
i Test.. Year Make Model Body Style Mo Damage Speed  Crush Distance KEES  StiffnessA | Stiffness B Stiffness G Kv Crush Fac...;
| 74T 2012 CHRYSLER 200 FOUR DOOR SEDAN 50 290 199 1043 10.7 508.1 19.1 54 |
| 8185 2013 DODGE AVENGER FOUR DOOR SEDAN 5.0 128 247 3209 1014 536.7 1583 191 |
| 6197 2008 DODGE AVENGER FOUR DOOR SEDAMN 5.0 180 351 345.4 1167 523.1 15856 274 |
| 6160 2008 CHRYSLER SEBRING COMVERTIBLE CONVERTIELE 5.0 180 351 3958 132.3 5923 1798 274
| 5836 2007 CHRYSLER SEBRING FOUR DOOR SEDAN 5.0 146 352 4315 1782 5224 2433 339
| 7464 2012 DODGE AVENGER FOUR DOOR SEDAN 5.0 14.0 352 4840 208.5 561.6 2834 353
. 7482 2012 CHRYSLER 200 FOUR DOOR SEDAN 5.0 133 32 4874 2205 5388 2906 371
|
|
|
|2 >}
A B G Kv CF
To select multiple records hold the ctri key down and click on the records you wish to select
’ Average 3689 1383 5404 1917 26,5
Remove | Send A/B Values to Force Balance |
o E Minimum 1043 0.7 508.1 19.1 5.4
Maximum 4374 2205 5923 299.6 371
I Std D 1316 724 284 95.5 114
| Print this Page | Print All Pages Cancel Save To C5V i

Number of Tests 7

This outlier has several effects upon the Stiffness Value data set -
A - It pulls the average values “down” which will result in lower calculated speeds, and
B - it increases the spread of the data, a result of which can be seen in the Standard
Deviation which is a way to measure how “tight” the data set is.
To remedy this, and tighten the data set, we can eliminate that test which gives us a data Set and
Test Summary that looks like this -

Test Summary Report { = |
Frontal Tests | Rear Tests | Side Tests | Ci‘E‘herf Mot Elatcukate&,
i Test.. Year Make Model Body Style No Damage Speed  Crush Distance KEES | Stiffness A | Stiffness B Stiffness G Koe Crush Fac...
{8195 2013 DODGE AVENGER FOUR DOOR SEDAN 50 12.8 47 3299 1014 536.7 1593 19
| 5197 2008 DODGE AVENGER FOUR DOOR SEDAN 5.0 18.0 35.1 3494 1167 523.1 1586 274
6169 2008 CHRYSLER SEBRIMG CONVERTIBLE CONVERTIBLE 50 18.0 351 3958 1323 5923 1798 274
| 5886 2007 CHRYSLER SEBRING FOUR DOOR SEDAN 5.0 146 352 4315 178.2 5224 2422 339
| 7464 2012 DODGE AVENGER FOUR DOOR SEDAN 5.0 14.0 352 4840 2085 561.6 2834 353
| 7482 2012 CHRYSLER 200 FOUR DOOR SEDAN 50 13.3 352 4874 220.5 538.6 2996 374
A B G Kv CF
To select multiple records hold the ctri key down and click on the records you wish to select
) o o Average 2130 1596 545.8 2205 0.0
Remove | Send A/B Values to Force Balance
) Minimum 3299 1014 5224 1588 19.1
Maximum 4874 2205 5923 299.6 37
Std D 66.6 49.9 2649 63.1 6.7
| Print this Page Print All Pages Cancel Save To CSV i
Numberof Tests 6

Page 12 of 20



When the two data sets are reviewed, it can be seen that the Standard Deviation of the “A” value
has been reduced by half, and the “B” value by about 1/3. This indicates a tighter and thus, from
certain points of view, a “better” data set to work with.

So, now we input the modified stiffness values into our Force Balance analysis and look at how
our speeds might/might not be effected by the removal of the outlier test.

i ANGXPRT StifCalcs - Selected Vehicle: 2010 DODGE AVENGER - o IEN|
File PrintReports Settings Help Reg To: ANGXPRT SYSTEMS  StifCalcs Version: 45.1.3 \
| Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance |
[Loag previousty saved comparison| || Save current comparisien [Clear Al Data| Force Re-Caleutations | Print || PAntPDF | [T Shade Results on Printout
[Select Vehicle | From AS Lite | Vehicle 1 Manual Input | Clear Vehicle  Data | [|Metric [Select Vehicle 2 From AS Lite | Vehicle 2 Manual Input |Clear Vehicle 2 Data
2010 DODGE AVENGER 2001 JAGUAR XK8 "
Curb Weight (pounds}: | 3255 PDOF Curb Weight {pounds): | 3062 PDOF -
- Lever Amm Distence (inches): [0.00 | L Lever Arm Distance (inches): 0
Occupant + Cargo Weight (pounds}: | 0 = Occupant + Cargo Weight (pounds): | 0 =
Yaw Moment of Inertia (lb-ft-sec’): | 224965 | = Yaw Moment of Inertia (Ib-ft-sec”): | 2874.86
Total Weight (pounds): | 3355 Total Weight (pounds): | 3962
Auto-Caleulate Yaw Moment Auto-Calculate Yaw Moment
Angle Coll Force to Normal (degrees): 0 Angle Coll Farce to Normal (degrees): 0
— Impact Location = Impact Location
No Damage Speed (mph): | 5 @Fom  Osde  ORear () Other Sobetersaf Sk 20 (Front @Side  (JRear () Other
Energy Crush Depth (inches): | 12.77 Energy Crush Depth inches): 7.91
Auto-Calculate Energy Crush Depth Vet F Coith Mes sty Aute-Calculate Energy Crush Depth
Afbfin) B (bfind
Average [4130 | [1596
2 P i
Damage Length (inches): | 66.1 Minimum | 3209 | | 1014 Damage Length (inches); | §1.2
Crush Profile Measurements: | 7 Maxdmum | 4374 | 2205 Crush Profile Measurements: 8
i Std. Devation | 666 | 499 Crush Spating
) Equal ® Non-Equal ) Equal ® Non-Equal .
® _— B o e . .
When the basic setup is modified by the new stiffness value set, and the Jaguar Lever Arm is
1\ .
returned to ‘0', the calculated Closing Speed Results are seen below.
" ANGXPRT StifCalcs - Selected Vehicle: 2010 DODGE AVENGER - "IEn
File PrintReports Settings Help RegTo: ANGXPRT SYSTEMS  StifCalcs Version: 45.1.3 - )
| Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance |
|Load previously saved comparison| | Save current comparision |Clear All Data | _Force Re-Caleulations print || Print PDF [| Shade Results on Printout
Select Viehi [Select
‘ 2010 Dodge Avenger 2001 Jaguar XK8
C10(in) 10 Gin) 4
Average Crush (inches); 1277 Average Crush (inches): 791
Results Results
Average  Damage Closing Average  Damage
A B Force Energy KESpeed  DeltaV Speed A B Force Energy  KESpeed  DeltaV .
(bfin) _0b/in3) (poundsf) (flbs)  (mph)  (mph)  (mgh) bfin) _(b/inY) (paunds) it T
Minimum (2209|1014 |[s30s01 | [mserars |[2n7 ezs ([se2 | Minimum | 5330 || 815 5 [ (1 |3 |[as
Avg-25id. Devitions | 2796|508 | 2mssap |[5e50492 (228 [0 [[425 || Avg-25td.Deviations| 3976 | |453 197 [[1as |21
Avg-15td. Deviations [ 3464 || 1097 || 5774724 |[91983.95 | [287  |[284  |[524 | | Avg-1Std. Deviations [e95  |[s77a724 | [ 7a58923 |[ 238 [[240  [[282 |
Aversge| 4130 | 1306 | @io0sse || 12508693 (336 [[328  [e07 | Aversge|6915  |[1372 || s00839 || omamsen (272 [[zm8  |[3am
Awug =1 5td, Deviatio... [ 47906 | 2085 || 104269.94) [ 16013946 (378 |[363 [78 | | Avg+1std. Deviatio.. | 8074 | [1870 | [1o4z600d| 1romoea3 (300 |[31 (w8 |
Avg+25td. Deviatio... 5462 | (2594 | arsnzo] (193524 (417 (w03 (75 || Avge2stdDevietio. [9115 | (2383 [1z7snzs] weremess) 328 [[341 [[460
Madmum [2874 | (2205 | wojoze|[16moase (37 |[75  [e93 | Madmum 8202 | [1977 | [109170.26] 1zaser2| (307 |[318  |[a8
Damage Centroid Depth () (inches): | 837 il ¢ 3me1d | Damage Centroid Depth (x) (inches): | 5.16 | e
Damage Centroid Depth (y) (inches): | 41.89 EFf, Mass Ratio (gamma) | 1.00 Damage Centroid Depth (y) (inches): | 85.72 | Eff. Mass Ratio (gamma) | 1.00
Area of Damage (inches’): | 244.10 Area of Damage (inchesY): | 72139 |
< >

Examining the two sets of results, it can be seen that the Closing Speed based on the Average
Stiffness Values from the reduced data set has increased from 57 mph, to 60.7 mph, and the +1
Standard Deviation speed has decreased from 68.4 mph down to 67.9 mph. It can also be seen
that the tighter data set has resulted in a smaller speed range between -1 Standard Deviation to +1
Standard Deviation of 15.5 mph as opposed to 25.8 mph with the full data set. Again, to see if we
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have some agreement between the calculated and instrumented speeds in more than one category,
a comparison of the delta-v’s should also be conducted.

Since the best agreement with the closing speed is at the +1 Standard Deviation line, those are
the delta-v speeds to look at.

The calculated delta-v for the Dodge of 36.8 mph is ~8-10 mph greater than the instrumented
speeds of 26-29. For the Jaguar, the calculated speed of 31.1 mph is ~ 7 mph below the “Full
Evaluation” delta-v, but is in basic agreement with the ACM and Spin Analysis speeds

Changing the Jaguar Lever Arm to 53 inches results in the following calculated speeds -

£ ANGXPRT StifCalcs - Selected Vehicle: 2010 DODGE AVENGER - O
File PrintReports Seftings Help RegTo:ANGXPRTSYSTEMS  StfCalcs Version: 4513 a - )
Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search  Force Balance
Load previoy s ; : | Force ReCalculations || i T i
| 2010 Dodge Avenger bic Select Vehicte 2001 Jaguar XK8
10 Girk €10 (inJ 4
Average Crush (inches); 1277 Average Crush (inches): 791
Results Results
Average  Damage Closing Average  Damage
A B Force  Eneigy  KESpeed  DeltaV Speed A 8 Foce  Energy KESpeed DaeV
(bfin)  (b/in%) (poundsf) (ivths)  (mph)  (mph)  (mph) (bfin) _(bfin) (poundsf) (fts)  (mph)  (mph) Y
Minimum 3299 | 1014 || s3evesr |[sserera (277 234 [s07 ] Mmmum| 5320 (815 [ssees01 | mosms0 |[za [[1es ([as9
Avg-2Std.Deviations| 2798 || 398 | 3448589 || 5es0402 | 228 196 [500 | | Avg-25td. Deviations| 3976 252 [3aes80 || s1zt8o0 | 197 [[186 || 20
Avg - 15td. Devistions | 3464 | 1097 sTT24 || 0198395 287  |[a41  [[61s fvg - 15td. Deviations | 5385 || 895 |sTra724 || 7as8923 | 338 || 204 | 282
Average| 4130 | 1386 | 8100859 || 12398693/ 336 | 279 (73 ] Aversge| 6915 | (1372 [sw0ss9 | emmser (272 (|27 [[349
A+ 1 5td, Deviatio.., [ 4796 | 2085 || 104269.34] | 16013946 | 37.8 [373 [798 | | Avg+ 15t Deviatio.. | 8074 | [1870 | [1o4zs00d| 1romoea3| (300 |[265 (w8 |
Avg+25td. Deviatio... [5462 | (2594 | izrsnze) [1oa3ssaa (a7 |43 |[e7s Avg+25td Devintio... [ 9115 | (2383 | [1z7sdnzs] 1eremess (328|290 460
Madmum (2874 | (2205 | wow7026] [ 16mi0ess (387 |[:19 |[s1s Maimum 8302|1977 [10o1026) 12ae722 307 |20 [[as
Damage Centroid Depth () (inches): | 837 & | 310014 Damage Centroid Depth (x) (inches): \516 | & [338850
Damage Centroid Depth (y) (inches): | 41.89 | EFf, Mass Ratio (gamma) | 1.00 | Damage Centroid Depth {y) (inches): | 85.72 | Eff. Wiass Ratio (gamma) | 0.55
Area of Damage (inches’): | 244.10 il Area of Damage (inches™): | 721.29 |
< >

Again, a comparison of the two result sets shows that the Closing Speed based on the Average A-
B values from the reduced data set has increased from 67.1 mph up to 71.3 mph, which is slightly
higher than our instrumented speed range of 66-68 mph. However, it is still well within (the +/- 1
standard deviation off of the speed calculated from the Average A-B values. Also, it can again be
seen that the tighter data set has resulted in a lower overall speed range between +/- 1 Standard
Deviation of 18.3 mph vs. 30.3 mph with the full data set.

Looking at the delta-v’s on the -1 Standard Deviation and Average lines, the Dodge calculated
delta-v is ~24-28 mph. This again compares well with the Dodge ACM delta-v of 26-29 mph.
Examining the calculated delta-v for the Jaguar on those same two line, the calculated 20-24 mph
is 14-19 mph below the “Full Evaluation” speed of 38.5 mph, ~12 mph below the Spin Analysis
speed, and ~4-7 mph below the “ACM” speed.

Making the final Lever Arm Adjustment to the Jaguar from 53 to 60.3 inches produces these
results -
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- ANGXPRT StifCalcs - Selected Vehicle: 2010 DODGE AVENGER - ~IEN
File PrintReports Settings Help RegTo: ANGXPRT SYSTEMS  StifCalcs Version: 45.1.3 1
| Basic Vehicle Search | NHTSA Test Selection | Advanced Vehicle Search | Force Balance |
Load previous ARl S cunant coninanicion I L ForceRe-Calculations || Print || PrintPDF | [7Shade Results on Printout
Select ic [Select Vehi
R 2010 Dodge Avenger Py 2001 Jaguar XK8
10 {in. 10 {in}
3
Average Crush (inches); 1277 Average Crush (inches): 7,91
Results Results
Average  Damage Closing Average  Damage
A B Force Energy ~ KESpeed  DeltaV Speed B Force Energy  KESpeed  DeltaV bSubl
(Ibfin  (Ibfin%) (poundsh)  (ft'lhs) (mph) (mph) (mph) {ibfin)  (bfin) (poundsf)  {f'lbs) (mph) (mph) U
Minimum | 326.9 | 1014 J 53698.91 '[35373.?4 ‘[-27.7 |25 |82 | Minimum | 5320 || 81.5 IETT ]] mm.ﬁoj‘BJ '[19.0 ‘[26.9 |
Avg- 25td, Devistions | 2798 || 50.8 || 3448580 i| sgsa02 |29 [[1mas |[520 | | Avg-25td. Deviations | 3975 253 || 3448580 | [ 5121800 |/ 107 i| 159 [[20
Avg-15td. Deviations | 9964 | 1007 || 5774724 |[owoeass 287 |[232  [641 | | Avg-15td Deviations|5ses | [egs [ | 1968 | 282
Average|4130 | 1596 || 2100859 || 12508693 | 335 %9 |[ma | Average | 8915 |[1372 59 || 97375 2 ||z27 |39
Avg+15td. Deviatio.. | 4796 || 2005 || 104260.04| 16013045 (378 |[3m1  |[831 | | Avg1Std. Deviatio.. [BO74 [ | [255  ||a0e
Avg+2Std. Deviatio.. [ 5462 || 2504 || 127531.29) | 10435524 |4 1[30 |[ot0 | | Avge+ 25td. Devinti ; ~ [z |[#%8 |
Madmum | 4674 || 2205 || 10917026| [ t67i0966] (387 |[307  |[saB | Medmum 8302 (1977 |[10917026] 12aaen32) (307 [[260 [ae ]
Damiage Centraid Depth (x) Ginches): | 837 A Damage Centroid Depth () (inches): | 5.16 | R E
Damage Centroid Depth (y) (inches); | 41.89 | Eff. Mass Ratia (gamma} | 1.00 | Damage Centroid Depth (y) (inches): | 85,72 | £ff, Mase Ratio (gamma) | 048 | u
Area of Damnage (inches’): 410 Area of Damage {inches’): ‘ 72139 |
| | o
< >

This change, a longer lever arm, increases the calculated speed for the Average A-B Stiffness
Values from the reduced data set from 69.7 mph to 74.2 mph. While this is ~6-8 mph above the
instrumented speeds of 66-68 mph it is still within the range of -1 Standard Deviation to Average
values, and so, while not hitting the desired mark of 68 mph for the Average Stiffness Values is
well within the desired range of between +/- 1 Standard Deviation off of the Average Values.

Looking again at the delta-v’s on the -1 Standard Deviation and Average lines, the Dodge
calculated delta-v is ~23-27 mph. This again compares well with the Dodge ACM delta-v of 26-
29 mph. Examining the calculated delta-v for the Jaguar on those same two line, the calculated
~19-23 mph is ~15-19 mph below the “Full Evaluation” speed of 38.5 mph, ~9-14 mph below
the Spin Analysis speed, and ~4-7 mph below the “ACM” speed.

The delta-v comparisons are summarized with the following tables

Full Stiffness Data Set

Dodge Avenger delta-v Jaguar XK8 delta-v - Lever Arm = 0 inches

ACM = 27 mph
ACM calculated . calculated
26-29 mph ~37 mph Spin = 32-34 mph ~31.3 mph

FE" = 38.5 mph

FE" = Full Evaluation
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Full Stiffness Data Set

Dodge Avenger delta-v

Jaguar XK8 delta-v - Lever Arm = 53 inches

ACM
26-29 mph

calculated
~26.3 mph

ACM =27 mph

Spin = 32-34 mph

calculated
~22.2 mph

FE" = 38.5 mph

FE" = Full Evaluation

Full Stiffness Data Set

Dodge Avenger delta-v Jaguar XK8 delta-v - Lever Arm = 60.3 inches

ACM =27 mph

calculated

ACM calculated
~21.4 mph

FE" = 38.5 mph

FE" = Full Evaluation

Reduced Stiffness Data Set

Dodge Avenger delta-v Jaguar XK8 delta-v - Lever Arm = 0 inches

ACM =27 mph

calculated

ACM calculated
~31.1 mph

FE" = 38.5 mph

FE" = Full Evaluation

Reduced Stiffness Data Set

Dodge Avenger delta-v Jaguar XK8 delta-v - Lever Arm = 53 inches

ACM =27 mph

calculated

ACM calculated
~20.4-23.7 mph

26-29 mph ~24.1-27.9 mph Spin = 32-34 mph

FE" = 38.5 mph

FE" = Full Evaluation
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Reduced Stiffness Data Set

Dodge Avenger delta-v Jaguar XK8 delta-v - Lever Arm = 60.3 inches

ACM =27 mph
ACM calculated . calculated
26-29 mph ~23.2-26.9 mph Spin = 32-34 mph ~19.6-22.7 mph

FE" = 38.5 mph

FE" = Full Evaluation

As with the previous Lever Arm results, the speed range between the +/- 1 Standard deviation
speeds has dropped from 31.5 mph with the full data set to 19.0 mph with the reduced, “tighter”
data set. This is, in general, what would be considered a “good thing”.

So, which “set” do we use? Which lever arm? What is appropriate? Is any of it appropriate?

Addressing the last point first, yes, the Force Balance calculation results are appropriate to be
used. There is reasonably good agreement between the calculated Closing Speeds and the delta-
v’s calculated for the Dodge and compared to its ACM. Further, the calculated delta-v’s for the
Jaguar have reasonably good agreement with the “ACM” values. Maybe not as good as would be
desired, but still, reasonably good.

If this was a “real” collision, I would use both sets, and the 53 inch lever arm.

The full set will provide lower speeds, but a larger speed range. The “reduced” set gives slightly
higher speeds, but is a tighter data set and thus provides a smaller overall range.

The 53 inch lever arm is fairly easy to support based on a visual examination of the damage to
the Jaguar and to the Dodge. While this could perhaps be fine tuned based on the position of the
tire in the Dodge’s front grill, that becomes a bit more problematic if the Jaguar is travelling
across the Dodge’s path with any kind of speed. Because the 53 inch lever arm is a bit shorter
than the 60.3 inch lever arm judged to be “the correct” lever arm, it is also a bit more
conservative on the calculated speeds without “giving away the farm”.

Last, point to consider. Other than the lever arm offset, there is nothing particularly unique about
the crush in Crash Test 2. There was no real structural damage that weakened the stiffness of
either vehicle. Even the Jaguar’s loss of the Rear wheel did not weaken the structure of the
Jaguar, it just was another indication of a very “stiff” hit. We were able to obtain good profiles
for both vehicles. Even with the question of the outlier test on the full data set, we have a good
set of stiffness values. Therefore, there is nothing to indicate that the actual speed should match
the calculated speed within the +/- 1 Standard Deviation speed range .... and it does.
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Analysis Summary and Wrap Up

Another way of looking at the calculated speeds as opposed to the instrumented speeds is a
percentage of error analysis. If we use a instrumented speed of 68 mph, and the closing speed
based on our Average Stiffness Values, the calculated closing speed is:

Error = [ ( Calculated - Actual ) / Actual ] * 100
Error=[(74.2-68)/68]*100
Error =9.1 %

Since the calculated error is positive, that means the error is higher than actual.

While any error is undesirable, a certain amount is expected given variability in (NHTSA) data
sample, non-conformance of actual crash to (NHTSA) test crash criteria, and reliability of the
crash data taken at the crash site, tow yard, etc. On of the commonly stated error ranges stated
around me is +/- 10%. Given that the error rate of 9.1% is less than the “acceptable” error of
10%, this could be judged to be a good and usable speed determination method.

Lets look at another error rate - what is the error rate of 1 Standard Deviation based on the
calculated Closing Speeds.

Another way of looking at the

Error - 1 Std Dev =|[ ( Calculated - Actual ) / Actual | * 100 |
Error- 1 Std Dev =|[ (64.1-74.2)/74.2]*100 |
Error - 1 Std Dev = 13.6 %

Which means that if the ACTUAL speed was at either -1 or +1 Standard Deviation from the
calculated speed from the average Stiffness Values, you would have an error of 13.6 %. What
this also means is, that within a sample size consisting of ~66% (the population range that falls
within +/-1 Standard Deviation), we can expect an error rate off of the “actual” value of up to
13.6% of the Mean value, and a variability of 27.2% error between the low of -1 Standard
deviation and the high of +1 Standard Deviation. Conceivably, the “actual” value could be at one
end of the range, and part of the “population” at the other. This is why tighter data reducing the
total spread is considered to be a “good thing”. With all of that said, it needs to be understood
that this is NOT a problem with the method. It is inherent to the variability from vehicle to
vehicle in crash testing. It is also part and parcel with the reality of Statistics and applying
measurements to data within the “Daubert Rules of Evidence”.

It is also important to remember that no matter WHAT you are considering in a vehicle collision,
this variability exists, be it speed from crush, speed from skid, Human Factors, PRT, and yes,

even with EDR/CDR data. It is the system that we work within, variability comes with it.

What we need to answer for ourselves is, how much variance from the expected are we willing to
live with before we throw up our hands and walk away?
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Force Balance Calculated Speed Limitations

The Force Balance calculations are an energy based Energy-Force-Speed determination method.
As such it has the same limitations that other energy methods have. If you assign a “clock
position” to a vehicle where 12 is the front, 3 the right side, 6 the rear, and 9 the left side, then
any collision that has both vehicles approaching each other within the respective 9-12-3 o’clock
positions will have a calculated closing speed that is lower than the actual closing speed. This is
best illustrated by the following example -

If you have two vehicles approaching each other head on (12 to 12) at highway speeds of 60 mph
each, you have a closing speed of 120 mph. However, the energy collision speed is 84.5 mph.

Square Root ( 602 + 6072 ) = 84.5

With this as a known, the Force Balance method applied without any other analysis to any “head-
on” type vehicle-vehicle approach (head-on, left turn into approaching through vehicle, etc.) will
establish a “floor” Closing Speed, but the actual closing speed will be some value higher than the
calculated speed.

Conversely, when the bullet vehicle is approaching the target vehicle within the 3-6-9 o’clock
quadrants, there is no combination of energy effects, and thus the closing speed between the two
vehicles will be calculated “correctly”. However, some portion of the ground speed of the target
vehicle may have to be added to the closing speed in order to get the ground speed of the bullet
vehicle.

Due to the Dodge Avenger approaching the Jaguar from essentially a “true” perpendicular path
from the 9 o’clock side of the Jaguar, the speed of the Jaguar, whether it be 0 mph as in the test,
30 mph or 90 mph or any speed in between should have very little or no effect upon the
calculated closing speed of the Dodge to the Jaguar at impact.

Wrap Up

The print outs for the Force Balance Analysis in a “2 up” for this test in the various Lever Arm
positions has been included within the Appendixes. These make it somewhat easier to see the
ramifications of the changes on both vehicles for each configuration. This is followed by the

normal 1 page per page printout for easier reading.

For those of you present during the Data Analysis Presentation(s), the data as presented is
included at the end of the Appendixes.

If anyone has any questions or wishes to discuss this further with me, please get in contact via
email or by giving me a call.
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Definition of Terms

ACM - Airbag ontrol Module
CDR - Crash Data Retrieval (under current terminology usage)
EDR - Event Data Recorder

EDR/CDR - this is the equipment and methodology that allows for retrieval of the data collected
by the “airbag module” in the event of a collision where the airbag(s) are deployed.

same/similar vehicle - a set of vehicles that are essentially the same across a span of years. May
also include models form different makes that “live” under a parent manufacturer
umbrella. Specifically, in this instance, the Dodge Avenger is the “same” vehicle from
2007-2014 model years, and is similar in major body parts to the Chrysler Sebring and the
Chrysler 200. Also referred to Sisters and Clones.

Stiffness Values - these values are calculated from crash tests where speed and vehicle crush
depths are known and/or measured. They are a measurement as to how “stiff” or “soft” a
vehicle is. They are then applied to crush measured in a crsh to help determine how fst
the vehicle was going based on the amount of crush damage measured for the each of the
vehicles involved in a collision.
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Force Balance Calculations



Crash Test 2

Available NHTSA Crash Tests on JAGUAR’s



2001 Jaguar XKS8
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Crash Test 2

2010 Dodge Avenger Front Crush Profile
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Crash Test 2

2001 Jaguar XKS8 Side Crush Profile
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Crash Test 2
Dodge Avenger
Full NHTSA Data Set

Crash Test Stiffness Summary



4ANG6XPRT StifCalcs®

Available Test Results
Front Impact Test Summary

Report Filter Settings

Year Range: 2007 - 2014
Make: DODGE
Model: AVENGER

Test
Number

1477
8195
6197
6169
5886
7464
7482

Vehicle
Info

2012 CHRYSLER 200 FOUR DOOR SEDAN
2013 DODGE AVENGER FOUR DOOR SEDAN
2008 DODGE AVENGER FOUR DOOR SEDAN

2008 CHRYSLER SEBRING CONVERTIBLE CON...

2007 CHRYSLER SEBRING FOUR DOOR SEDAN
2012 DODGE AVENGER FOUR DOOR SEDAN
2012 CHRYSLER 200 FOUR DOOR SEDAN

No
Damage Average
Speed Crush

(mph)  (inch)
5.0 29.0
5.0 12.8
5.0 18.0
5.0 18.0
5.0 14.6
5.0 14.0
5.0 13.3

Average (AVG)
Minimum (MIN)
Maximum (MAX)

Standard Deviation (STDev-sample)

Number of Tests (n)

KEES |

(mph)
19.9
24.7
35.1
35.1
35.2

35.2

7

A
104.3
329.9
349.4
395.8
431.5
484.0
487.4

368.9
104.3
487.4
131.6

B

10.7
101.4
116.7
132.3
178.2
208.5
2205

138.3
10.7
2205
72.4

G
508.1
536.7
5231
592.3
522.4
561.6
538.6

540.4
508.1
592.3

28.4

158.6
179.8
242.2
283.4

299.6

191.7
19.1
299.6
955

Crush
Factor

5.4

26.5

54
37.1
111

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

Registrered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-030201SC01301



Crash Test 2

Jaguar Lever Arm = () inches



ANGXPRT StifCalcs ® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

ANEXPRT StifCalcs ® Force Balance - Page 2 of 2

2001 JAGUAR XK& - Side Impact

Curb Weight (pounds}: @ PDOF Lever Arm Distance (inches): Curb Weight (pounds): PDOF Lever Arm Distance (inches): | 0.00 l
Gcecupant + Cargo Weight (pounds): [:E N _ Gcecupant + Cargo Weight (pounds): :II .
Total Weight (pounds): @ Yaw Moment of Inertia {lb-ft-sec?) Total Weight (pounds): Yaw Moment of Inertia {lb-ft-sec?) 2874.86
Angle Coll Force to Normal {degrees): | 0.0 “"Known" Stiffness Values Angle Coll Force to Normal {degrees): Y
A B
No Damage Speed (mph): | 5.0 Average | 368.9] [ 138.3 | No Damage Speed {mph):
Energy Crush Depth (inches): Minimum [ 1043 ] | 10.7] Energy Crush Depth (inches):
Damage Length (inches): Maximum 2574 [ 2205 | Damage Length (inches):
i |
Crush Profile Measurements: | 7 5td. Devation | 1316 | 2.4 Crush Profile Measurements: | 8
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Cepthly) Cepthiy) Spacing Zone Area Depth(x) Depth(x) Cepthly) Cepthiy)
{inches) {inches?) {inches) (inches?) {inches) {inches® {inches) {inches?) {inches) {inches?) {inches) {inches®
C1 (inches) [__0.00 C1 (inches) [__0.00
| 860 | 2150 | | 1.67] | 35.83 | | 573 | | 123.27 [ 7.50] | 2252 | | 1.90 ] | 4278 | | 527 ] | 118.58 |
€2 (inches) [_s.00] €2 (inches) [__5.70]
| | | 1070 | | 7948 | [ 3.83 ] | 303.24 | | 16.63 | [ 1316.64 | 12.10 | 128.26 | | 5.68] [ 728.20 | | 19.08 | [ 2447.49 |
C3 (inches) 9.30 C3 (inches) 1550
[ 12380 192.64 | [ 7.83| [ 150842 | 3274 6307.84 | 8.60 103.20 | | 617 [ 63636 ] | 2108 | [ 2175.66 |
C4 (inches) 20.30 C4 (inches) [__8.50
[ 15.00 ] [ 318.00] | 1061 | [ 337283 52.61 16728.75 [ 320] [ 3216] | 5.06] [ 16289 | | 1128 | [ 36284 |
C5 (nches) [ 22101 cs (inches) [1160]
| 630 123.50 | | 5.88 | 122259 | | 28.22 | | 3493.38 | | 2460 | | 29274 | | 5.95 | | 174217 | 110.80 | | 32436.58 |
C6 (inches) 17.20 C6 (inches) |_12.20 |
[ 1270 | [ 109.22] | 573] [ 62619 ] [ e773] [ 7397.83 [ 260] | 2535 | | 4.98] | 12618 | | 1419 ] | 359.74
C7 (inches) [__0.00] C7 (inchesy [ 7.30]
[ | [ | [ 11 | | [ | [ 32.20] [11753] | 243] | 28599 [___203.93 | [ 23968.28 |
& (inches) [ | & (inches) [ 0.o00]
F JI ]| | 11 | | | — l[ | | | | ] |
9 (inches) 9 (inches) r
[ ] | 1 | | [ LTI | | ] N |
C1o(inches) ] Clo(inches) L]
Average Crush (inches): Average Crush (inches):
Average KE Closing Average KE
Results Force Damage Speed DeltaV  Speed Results Force Damage Speed DeltaV
A B (poundsf) Energy (ftbs)  (mph) {mph) {MPH) A 8 (poundsf) Energy (ftbs)  (mph) {mph) bsub1
winimum [ 1043 10.7][ 7963.03 | | 16438.22 | 121 138]|[ 255 wminimum [ 133.9]] 5.1]] 7963.08 | [ 22895.37 | 13.2|[  11.7][ 6.8 |
Avg - 2 5td. Deviations | 105.7 || -6.5 N/A || 73| N 7 | 7 Avg - 2 Std. Deviations [ N/A ny/a || n/A [ nall wal _wmall nal
Avg - 15td. Deviations | 2373 || 65.9]| 3565576 |[  s7ssse2][ z27|[  231[ 426 Avg - 15td. Deviations [ 4067 ]| 47.4][ 3565576 ][ 5241403 [ 198][ 1e5][ 205
Average 3689 13831 7056145 ][ 11010741l 314l ses][ s7e Average [__6344 [ 1154][  70561.45][  s7iesse][ 257 |[ 264 32.0]

Avg + 1 §td. Deviations [___500.5 1] 210.7 ][ 10546714 162566.84 [ 381 37.01[___ 684 |
Avg + 2 5td. Deviations 632.1 283.1 ][ 14037284 21507461 | a39|[ 422][ 7s.0]
Maximum | 487.4 || 2205 | 10917026 |[ 1670966 ][  387|[ 375 693

Damage Centroid Depth {x) (inches) k? E.‘M:

Damage Centroid Depth (y) (inches) | 41.39 I
Area of Damage (inches®):

Eff, Mass Ratio (gamma) | 1.00 |

Avg + 1 5td. Deviations 813.0 || 1896 ][ 10546714 120953.21 303 33 a10]

Avg + 2 Std. Deviations [ 9654 ][ 267.2|[ 14037284 ][ 154154.49][ 342][ 358][ 487]
Maximum | 830.2 || 197.7 | 10917026 |[ 12449732 [ 307 ]|[ 318 41.9]
Damage Centroid Depth {x) (inches) k2 @
Damage Centroid Depth (y) (inches) Eff, Mass Ratio {gamma) 1.00

Area of Damage (inches®):

ANEXPRT StfCalcs® licensed by 4N6XPRT Systems (wwiwv 4N6XPRT com) too
Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301

ANEXPRT StfCalcs® licensed by 4N6XPRT Systems (wwiv 4N6XPRT com) too
Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301



ANG6XPRT StifCalcs® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

Curb Weight (pounds): IEI PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] y [ 224985 ]
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 | 368.9 | | 138.3 |
Energy Crush Depth (inches): Minimum | 104.3 | | 10.7 |
Damage Length (inches): Maximum | 4874 | | 2205 |
Crush Profile Measurements: Std. Devation | 131.6 | | 72.4 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches?) (inches) (inches®)
C1 (inches) [ 0.00]
[ 8.60 | | 21.50 | | 1.67 | | 35.83 | | 5.73 | | 123.27 |
C2 (inches) |_5.00 |
10.70 | | 79.18 | | 3.83 | | 303.24 | | 16.63 | | 1316.64 |
C3 (inches) [ 9.80 |
12.80 | [ 192.64 | | 7.83| | 1508.42 | | 3274 | | 6307.84 |
C4 (inches) [_20.30 |
15.00 | | 318.00 | | 10.61 | | 3372.83 | | 52.61 | [ 16728.75 |
C5 (inches) [_22.10 ]
[ 6.30 | | 123.80 | | 9.88 | | 1222.59 | | 28.22 | | 3493.38 |
C6 (inches) [ _17.20 |
1270 | [ 109.22 | | 573| [ 626.19 | | 67.73 | [ 7397.83 |
C7 (inches) [___0.00 |
| | | | [ [ | | I
C8 (inches) | I
| | I [ | [ | [ | [ | [ | I
C9 (inches)
I | | | | [ [ | | I
C10 (inches) | |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 104.3 || 10.7 | | 7963.03 || 16438.22 [  12.1]|  13.8|| 255
Avg - 2 Std. Deviations | 105.7 || -6.5 | [ N/A | N/AJ[ NAJ[  NAJ[ N/A|

Avg - 1 Std. Deviations I 237.3 || 65.9 | [ 35655.76 | | 57855.62 | [ 22.7 ] 23.1 ]| 42.6 |

Average | 3689 || 1383 |[  70561.45|| 110107.41| 314|[ 309]|[ 57.0]
Avg + 1 Std. Deviations [ 500.5 |[ 2107 |[ 105467.14|[ 162566.84 |[ 38.1][ 37.0][ 68.4]
Avg + 2 Std. Deviations [___632.1 ][ 283.1 ][ 140372.84 ][ 215074.61|[ 439][ 422][ 78.0]
Maximum |___487.4 || 220.5 || 109170.26 [[ 167109.66 || 38.7 || 37.5|[ 693 |

Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)

Area of Damage (inches?):

Eff. Mass Ratio (gamma)

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301


Daniel
Rectangle
68.4

Daniel
Rectangle
237.3 65.9 35655.76 57855.62 22.7 23.1

500.5 210.7 105467.14 162566.84 38.1 37.0

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 368.9 138.3 70561.45 110107.41 31.4 30.9

42.6

68.4

57.0


ANG6XPRT StifCalcs® Force Balance - Page 2 of 2

2001 JAGUAR XKS8 - Side Impact

Curb Weight (pounds): PDOF : ~ - [ 000
Lever Arm Distance (inches): _
Occupant + Cargo Weight (pounds): [ o] 5 [ za7488]
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2874.86
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) 0.00
[ 7.90 | | 22.52 | | 1.90 | | 42.78 | | 5.27 | | 118.58 |
C2 (inches) |__5.70 |
[ 12.10 | | 128.26 | | 5.68 | | 728.20 | | 19.08 | [ 2447.49 |
C3 (inches) [__15.50 |
I 860 | [ 103.20] | 617 | 636.76 | | 21.08 | | 2175.66 |
C4 (inches) [ 8.50
[ 3.20 | | 32.16 | | 5.06 | | 162.89 | | 11.28 | | 362.84 |
C5 (inches) [ 11.60 |
[ 2460 | [ 292.74] | 595 | 1742.17 | | 110.80 | | 32436.58 |
C6 (inches) [ _12.20 |
I 260| [ 2535] | 298] | 126.18 | | 1419 | [ 359.74
C7 (inches) [__7.30]
[ 3220 | | 117.53 | | 2.43 | | 285.99 | | 203.93 | [ 23968.28 |
C8 (inches) [ 0.00 |
| | | | | | | | | | | | |
C9 (inches)
I | | | | [ | [ | | | I
C10 (inches) | |
Average Crush (inches): 7.91
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsub1
Minimum | 133.9 || 5.1 ]| 7963.03 || 22895.37 ||  13.2||  11.7]| 6.8 |
Avg - 2 Std. Deviations | N/A | N/A | [ N/A || N/AJL N/AJ[ N/AT[ N/A|
Avg - 1 Std. Deviations |_406.7 || 474 3565576 |[ 5241403 |[ 199][ 195][ 205]
Average | 6344 || 1154 |[ 70561.45||  87195.50 || 25.7|[ 26.1][ 32.0]
Avg + 1 Std. Deviations [ 813.0 || 189.6 || 105467.14 || 120953.21|] 303|| 313]|[ 41.0]
Avg + 2 Std. Deviations [__965.1 |[ _ 267.2 |[ 140372.84 ][ 154154.49|[ 342][ 358][ 48.7]
Maximum | 830.2 || 197.7 || 109170.26 || 12449732 || 30.7|[ 31.8|[ 41.9]
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)

Area of Damage (inches?):

Eff. Mass Ratio (gamma)

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301
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Rectangle
Lever Arm Distance (inches): 0.00


Crash Test 2

Jaguar Lever Arm = 53 inches



ANGXPRT StjiCalcs ® Fojce Balance - Page 1 of 2 ANGXPRT SufCalcs ® Force Balance - Page 2 of 2

2010 DODGE AVENGER - Front Impact 2001 JAGUAR XK8 - Side Impact
Curb Weight (pounds)’ [[s3ss] PDOF | cver Arm Distance {inches)" 0.00 Curb Weight (pounds): PDOF sy e (inches) [ 53 00
Occupant + Cargo Weight (pounds): [:II . z Occupant + Cargo Weight (pounds): | L1 i . :l
Total Weight (poundsy 3355 Yaw Moment of Inertia (lb-ft-sec®) [_—_ZT&i Total Weight (pounds: Yaw Moment of Inertia (Ib-ft-sec® | 2874.86
Angle Coll Force to Normal {degrees). E “Known" Stiffness Values Angle Coll Force to Normal {degrees). E
A B
No Damage Speed (mph): 5.0 Average | 36891 | 138.3 | No Damage Speed (mph):
Energy Crush Depth (inches). Minimum [ 1043 I | 107] Energy Crush Depth finches).
Damage Length {inches). Maximum [ 487.4 | ! 220.5 | Damage Length tinches).
Crush Profile Measurements: 7 Std. Devation |__151.6 ] ! 72.4] Crush Profile Measurements: | 8
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Cepthiy) Cepthiy) Spacing Zone Area Depth(x) Depth(x) Cepthiy) Cepthiy)
(inches) {inches?) {inches) {inches?) (inches) {inches® (inches) tinches?) {inches) tinches?) (inches) {inches®
C1 (inches) | 0.00 C1 (inches) | 0.00
! | 860 | 2150 | | 1.67 | | 35.83 | | 573 | | 123.27 ! | 7.90] | 2252 [ 1.90] | 4278 | | 527 | | 118.58 |
€2 (inches) |__s5.00] i €2 (inches) |__5.70 y , -
i | L_10.70] 7918 | | 3.83| [ 303.24] | 1663 ] [ 1316.64 | 1210 128.26 | | 568 [ 728.20] | 19.08 | [ 2447.49 |
C3 (inches 5.0 ) ) C3 (inches 15.50 ) .
( ) l 12.80 192.64 | | 7.83| [__1s0842] | 3274 6307.84 | ( ) | 8.60 103.20 | | 617] | 636.76 | | 2108 | [ 2175.66 |
C4 (inches) 2030 : C4 (inches) |__ .50
[ 1500] [ 318.00] | 1061 | [ 3372831 | 5261 16728.75 | 3.20] | 3216] | 5.06] | 162.89 | | 11.28 | | 362.84 |
C5 (inches 2210 - C5 (inches) |_11.60 ' ) ) '
¢ ! 630 123.80 | | 5.88 1222546 | | 28.22 | [ 349338 | ¢ ! I l | 24.60 | [ 29274 | | 5.85 | | 174217 | 110.80 | [ 3243658 |
C6 (inches) 17.20 C6 (inches) 12.20 | :
:I l 12.70 109.22 l 5.73 ] 62619 | | 67.73 7397.83 | | | 2‘60| [ 2535 | [ 4.&‘ [ 126.18' | 14.19 | [ 359.74
C7 (inches 0.00 7 {inches) [__7.30] | b
( ) I 11 11 |1 || || 1 ( ) | 32:20 | [ 21753 | 2.43] | 285.99 | | 203.93 | 23968.28
C8 (inches) | | ) ) ) €8 (inches) |__0.00]
| | | | ] | [ || | [ | | | | | 11 | | il |
9 {inches) | | : 9 {inches) | |
| | | | | | | | ] 1 | ]| | IR | || 1
Cl10(inches) L1 C10{inches) |
Average Crush (inchesy: [ 12.77 ] Average Crush (inchesy. | 7.91
Average KE Closing Average KE
Results Force Damage Speed DeltaV  Speed Results Force Damage Speed DeltaV
A B {poundsf) Energy (ftbs)  (mph) {mph) {MPH) A 8 {poundsf) Energy (ftlbs)  (mph) {mph) bsub1
Minimum [ 1043 || 10.7]| 7963.03 || 16438.22 || 121 11.7 299 | Minimum | 1339 | s4]| 7963.03 || 22895.37 |[_13.2]| 9.9 ][ 6.8
Avg - 2 Std. Deviations [ 105.7 || 6.5]| n/a ]| WAl nal[ nall wa Avg - 2 Std. Deviations | N/A | /A || n/A | wall_ nal|_ wmal wsal
Avg - 15td. Deviations | 2373 || 65.9] 35655.76 | | 57855.62 1961 50.1 Avg - 15td. Deviatons | 406.7 || 47.4]| 35655.76 || 5241403 || 499 166][  205]

Average |___368.91 1383 70561.45]] 11010741 314 263
Avg + 1 5td. Deviations 5005|2107 ][ 10546714 162566.84 [ 381 315 | so4]

Average |___634.4]___1154]|  70561.45]|  s719550]) 257 2221 320]
Avg + 1 Std. Deviations [___813.0 || 189.6 ][ 105467.14 12095321 ][ 303 267] 41.0]

Avg + 2 Std. Deviations [ 6324 [ 2831 ][ 140372.84][ 21507461]] 439 35.9 91.7 Avg + 2 Std. Deviations |__ 9651 || 267.2 |[ 14037284 ][ 15415449 342 304]  48.7]
Maximum | 487.4 || 2205 10917026 |[ 16710966 | 387 319]|[ ®815] Maximum | 830.2 || 197710917026 |[ 12449732 [ 30.7]|  270] 41.9 |
Camage Centroid Depth (x) (inches) k2 @ Damage Centroid Depth {x) (inches) EE k2 @
Damage Centroid Depth {y) (inches) Eff Mass Ratio (gamma) | 1.00 Damage Centroid Depth (y) (inches) IE Eff Mass Ratio (gamma) | 0.55
Area of Damage {inches?): Area of Damage (inches?). El
ANEXPRT StfCalcs® licensed by 4N6XPRT Systems (www 4N6XPRT com) tor ANEXPRT StfCalcs® licensed by ANBXPRT Systems (www 4N6XPRT com) too

Registered Owner: 4N6XPRT SYSTEMS Serial Number: 25R-0302015C01301 Registered Owner: 4N6XPRT SYSTEMS Seral Number: 25R-0302015C01301



ANG6XPRT StifCalcs® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

Curb Weight (pounds): IE' PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] y [ 224985 ]
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 | 368.9 | | 138.3 |
Energy Crush Depth (inches): Minimum | 1043 | | 10.7 |
Damage Length (inches): Maximum | 4874 | | 2205 |
Crush Profile Measurements: Std. Devation | 131.6 | | 72.4 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches?) (inches) (inches®)
C1 (inches) [ 0.00]
[ 8.60 | | 21.50 | | 1.67 | | 35.83 | | 5.73 | | 123.27 |
C2 (inches) |__5.00 |
10.70 | | 79.18 | | 3.83 | | 303.24 | | 16.63 | | 1316.64 |
C3 (inches) [ 9.80 |
12.80 | [ 192.64 | | 7.83| | 1508.42 | | 3274 | | 6307.84 |
C4 (inches) [_20.30 |
15.00 | | 318.00 | | 10.61 | | 3372.83 | | 52.61 | [ 16728.75 |
C5 (inches) [_22.10 ]
[ 6.30 | | 123.80 | | 9.88 | | 1222.59 | | 28.22 | | 3493.38 |
C6 (inches) [ _17.20 |
1270 | [ 109.22 | | 573| [ 626.19 | | 67.73 | [ 7397.83 |
C7 (inches) [___0.00 |
| | | | [ [ | | I
C8 (inches) | I
| I I [ | [ | [ | [ | [ | I
C9 (inches)
I | | | | [ [ | | I
C10 (inches) | |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 104.3 || 10.7 | | 7963.03 || 16438.22 [ 121 117  29.9|
Avg - 2 Std. Deviations | 105.7 || -6.5 | [ N/A | N/AJ[ NAJ[  NAJ[ N/A|
Avg - 1 Std. Deviations |_237.3 || 659 3565576 |[  57855.62][ 227]|[ 19.6][ 50.1]
Average [ 3689 ][ 1383 ][ 70561.45][ 110107.41|[ 314][ 263][ 67.1]
Avg + 1 Std. Deviations [ 500.5 ][ 210.7 ][ 105467.14][ 162566.84 ][ 38.1][ 31.5][ 80.4]
Avg + 2 Std. Deviations [__632.1 ][ 283.1 ][ 140372.84 ][ 215074.61]|[ 439][ 359][ 91.7]
Maximum | 487.4 || 220.5 || 109170.26 || 167109.66 [| 38.7|[ 319 815
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)

Area of Damage (inches?):

Eff. Mass Ratio (gamma)

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301


Daniel
Rectangle
67.1

Daniel
Rectangle
105.7 -6.5 N/A N/A N/A N/A

237.3 65.9 35655.76 57855.62 22.7 19.6

500.5 210.7 105467.14 162566.84 38.1 31.5

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 368.9 138.3 70561.45 110107.41 31.4 26.3

N/A

50.1

80.4

67.1


ANG6XPRT StifCalcs® Force Balance - Page 2 of 2

2001 JAGUAR XKS8 - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] 5 [ za7488]
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2874.86
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) 0.00
[ 7.90 | | 22.52 | | 1.90 | | 42.78 | | 5.27 | | 118.58 |
C2 (inches) |__5.70 |
[ 12.10 | | 128.26 | | 5.68 | | 728.20 | | 19.08 | [ 2447.49 |
C3 (inches) [__15.50 |
I 860 | [ 103.20] | 617 | 636.76 | | 21.08 | | 2175.66 |
C4 (inches) [___8.50 |
[ 3.20 | | 32.16 | | 5.06 | | 162.89 | | 11.28 | | 362.84 |
C5 (inches) [ 11.60 |
[ 2460 | [ 292.74] | 595 | 1742.17 | | 110.80 | | 32436.58 |
C6 (inches) [ _12.20 |
I 260| [ 2535] | 298] | 126.18 | | 1419 | [ 359.74
C7 (inches) [__7.30]
[ 3220 | | 117.53 | | 2.43 | | 285.99 | | 203.93 | [ 23968.28 |
C8 (inches) [_o0.00]
| | | | | | | | | | | | |
C9 (inches)
I | | | | [ | [ | | | I
C10 (inches) | |
Average Crush (inches): 7.91
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsub1
Minimum | 133.9 || 5.1 ]| 7963.03 || 22895.37 ||  13.2 | 9.9 || 6.8 |
Avg - 2 Std. Deviations | N/A | N/A | [ N/A || N/AJL N/AJ[ N/AT[ N/A|
Avg - 1 Std. Deviations |_406.7 || 474 3565576 |[ 5241403 199 166][ 205]
Average | 6344 || 1154 |[ 70561.45||  87195.50 || 25.7|[ 22.2]|[ 32.0]
Avg + 1 Std. Deviations [ 813.0 || 189.6 || 105467.14 || 120953.21|] 303 || 26.7|[ 41.0]
Avg + 2 Std. Deviations [__965.1 |[ _ 267.2 |[ 140372.84 ][ 154154.49|[ 342][ 304][ 487]
Maximum | 830.2 || 197.7 || 109170.26 || 12449732 || 30.7|[ 27.0[ 41.9]
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)

Area of Damage (inches?):

Eff. Mass Ratio (gamma)

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301


Daniel
Rectangle
Lever Arm Distance (inches): 53.00


Crash Test 2

Jaguar Lever Arm = 60.3 inches



ANBXPRT StifCalcs® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

ANGXPRT StifCalcs ® Force Balance - Page 2 of 2

2001 JAGUAR XK8 - Side Impact

Curb Weight (pounds]: @ PDOF Lever Arm Distance (inches): 0.00 Curb Weight (pounds): PDOF Lever Arm Distance (inches) 60 30
Occupant + Cargo Weight (pounds): [:II . N L__—_i GOccupant + Cargo Weight (pounds): | 0 . ) I:l
Total Weight (pounds): @ Yaw Moment of Inertia {Ib-ft-sec?) 2249.65 Total Weight (pounds): Yaw Moment of Inertia {Ib-ft-sec? 2874.86
Angle Coll Force to Normal {degrees): Y "Known" Stiffness Values Angle Coll Force to Normal {degrees): Y|
A B
Mo Damage Speed (mph): | 5.0 Average | 368.9 ] | 1383 | No Damage Speed (mph):
Energy Crush Depth (inches): Minimurn | 1043 ] | 10.7] Energy Crush Depth (inches): 7.91
Damage Length (inches): Maximum L 2874 | 2205 | Damage Length (inches):
Crush Profile Measurements: | 7 Std. Devation | 1316 | 724] Crush Profile Measurements: 8
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Cepthiy) Cepthiy) Spacing Zone Area Depth(x) Depth(x) Cepthiy) Cepthiy)
{inches) {inches?) {inches) {inches?) {inches) {inches® {inches) {inches?) {inches) {inches?) {inches) {inches®
C1({inches) |__ 0.00 C1 (inches) |__0.00
| 8.60 ]| | 2150 | | 1.67] | 35.83 | | 573 | | 123.27 | 7.50] | 2252 | 1.90] | 4278 | | 527 | 118.58 |
€2 (inches) [_s.00] C2 (inches) [__&.70]
| | | 10.70 | | 7918 | | 3.83| [ 30324] | 16.63 | [ 1316.64 | 12.10 128.26 | | 5.68 | | 728.20 | | 19.08 | [ 2447.49 |
C3 (inches) 9.30 C3 (inches) 15.50
| 12.80 19264 | | 7.83 | [ 1508.42] | 3274 | 6307.84 | I I 8.60 103.20 | | 617 | | 636.76 | | 2108 | [ 2175.66 |
C4 (inches) 2030 C4 (inches) 8.50
| 15.00 ] [ 318.00] | 1061 | [ 3372383 52.61 16728.75 [ 320] [ 3216 | 5.06] | 162.89 | | 1128 | [ 362384 |
C5 (inches) 2210 C5 (inches) |_11.60
630 123.30 | | 988 | [ 122259 | 28.22 | [ 349338 | I | | 2460 | [ 292.74] | 5.95 | [ 174217 | 110.30 | [ 32436.58 |
Cé (inches) 17.20 C6 (inches) 12.20
] | 12.70 109.22 5.73] | 626.19 67.73 7397.83 | [ 260 | 2535] | 4.98| | 126.18 | | 1419 | | 359.74
C7 (inches) 0.00 C7 (inches) 7.30
| | [ | 1 | [ | |0 | [ 3220 ] [_ 11753 | 2.43] | 285.99 | | 203.93 | 2396828
& (inches) L | & (inches) [ 0o00] ) .
l ]| || | [ 3 | | [ | l [i | 11 ]I | | [ |
9 (inches) 9 (inches)
L | | [ 1 [ | | [ [ | 11 1} | | [
C10¢inches) 1 C10¢inches) L]
Average Crush (inchesy: Average Crush (inches): 7.91
Average KE Closing Average KE
Results Force Damage Speed DeltaV  Speed Results Force Damage Speed DeltaV
A B {poundsf) Energy (ftbs)  (mph) {mph) {MPH) A 8 {poundsf) Energy (ftbs)  (mph) {mph) bsub1
Minimum L1043 || 10.7]( 7963.03 | 16438.22 ][ 124 m3 [ 311 Minimum L 133.9]] 51| 7963.03 || 2289537 [ _132][_  9.5][ 6.8 |
Avg - 2 Std. Deviations [ 105.7 || 6.5 ][ n/A | Al nall wall nal Avg - 2 Std. Deviations | N/A | n/A | | N/A | wall wal[ wall wa
Avg - 15td. Deviations [ 2373 esa][ 3sess76][ _s7s5.62 | 22.7][ 188 |[ s24] Avg - 151td. Deviations [ 2067 ] a74][ 3565576 ][ szara0s ][ 19.9][ 160l 205]
Average 36891 1383 ][ 70561.45][ 11eroz.n ][ 314]] 2s2([ 69.7] Average |___6344] 11541 7056145 ][ ®sriess0 [ 2s57][ 214 320]
Avg + 1 Std. Deviations 50051 _210.7][_10546714] [ 16256684 [ 381 3031 e3.6] Avg +15td. Deviations [ 813.0][  189.6 ][ 10546714][ 120953.21][ sos|[ 2s56][ 41.0]
Avg + 2 Std. Deviations [___6324 [ 2831 ][ 14037234 21507461][  439|[ 3as]|[ 954 Avg + 2 Std. Deviations [ 9654 ][ 267.2|[ 14037284 ][ 15415449 342 292][ 487]
Maximum [ 487.4 || 2205 | 10917026 |[ 16710966 || 387 |[ 307 848 Maximum 830.2 || 197.7 | 10917026 |[ 12449732 [ 307 260][ 41.9]
Damage Centroid Depth (x) {inches) k2 3109.14 Damage Centroid Depth (x) (inches) k2 3364.50
Damage Centroid Depth (y) (inches) Eff. Mass Ratio {gamma) Damage Centroid Depth (y) (inches) [ 85.72 I Eff. Mass Ratio (gamma) | 0.48

Area of Damage (inche

52);

Area of Damage (inches®):

72139 I

ANEXPRT StfCalcs® licensed by 4N6XPRT Systems (wwiw 4N6XPRT com) too

Registered Owner: 4N6XPRT SYSTEMS

Senal Number: 25R-0302015C01301

ANEXPRT StfCalcs® licensed by 4N6XPRT Systems (wwiv 4N6XPRT.com) too

Registered Owner: 4N6XPRT SYSTEMS

Senal Number: 25R-0302015C01301



ANG6XPRT StifCalcs® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

Curb Weight (pounds): IEI PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] y [ 224985 ]
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 | 368.9 | | 138.3 |
Energy Crush Depth (inches): Minimum | 104.3 | | 10.7 |
Damage Length (inches): Maximum | 4874 | | 2205 |
Crush Profile Measurements: Std. Devation | 131.6 | | 72.4 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches?) (inches) (inches®)
C1 (inches) [ 0.00]
[ 8.60 | | 21.50 | | 1.67 | | 35.83 | | 5.73 | | 123.27 |
C2 (inches) |_5.00 |
10.70 | | 79.18 | | 3.83 | | 303.24 | | 16.63 | [ 1316.64 |
C3 (inches) [ 9.80 |
12.80 | [ 192.64 | | 7.83| | 1508.42 | | 3274 | | 6307.84 |
C4 (inches) [_20.30 |
15.00 | | 318.00 | | 10.61 | | 3372.83 | | 52.61 | [ 16728.75 |
C5 (inches) |_22.10 |
[ 6.30 | | 123.80 | | 9.88 | | 1222.59 | | 28.22 | | 3493.38 |
C6 (inches) [ _17.20 |
1270 | [ 109.22 | | 573 | [ 626.19 | | 67.73 | | 7397.83 |
C7 (inches) [___0.00 |
| | | | [ [ | | I
C8 (inches) | |
| I I | | | | | | | | | | I
C9 (inches)
I | | | | [ [ | | I
C10 (inches) | |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 104.3 || 10.7 | | 7963.03 || 16438.22 [[ 121 113 || 311
Avg - 2 Std. Deviations | 105.7 || -6.5 | [ N/A | N/AJ[ NAJ[  NAJ[ N/A|
Avg - 1 Std. Deviations |_237.3 || 659 3565576 |[  57855.62 ][ 227]|[ 189][ 52.1]
Average |___368.9 ][ 1383 |[  70561.45|[ 110107.41| 314]|[ 252 69.7]|

Avg + 1 Std. Deviations

[ 500.5 || 210.7 || 105467.14 | | 162566.84 | | 38.1]| 30.3 || 83.6 |

Avg + 2 Std. Deviations [___632.1 ][ 283.1|[ 140372.84 ][ 215074.61]|[ 43.9][ 345]|[ 954]
Maximum | 487.4 || 220.5 ||  109170.26 || 167109.66 || 38.7|| 30.7|| 84.8]
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)

Area of Damage (inches?):

Eff. Mass Ratio (gamma)

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301


Daniel
Rectangle
69.7

Daniel
Rectangle
105.7 -6.5 N/A N/A N/A N/A

237.3 65.9 35655.76 57855.62 22.7 18.9

500.5 210.7 105467.14 162566.84 38.1 30.3

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 368.9 138.3 70561.45 110107.41 31.4 25.2

N/A

52.1

83.6

69.7


ANG6XPRT StifCalcs® Force Balance - Page 2 of 2

2001 JAGUAR XKS8 - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] 5 [ za7488]
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2874.86
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) 0.00
[ 7.90 | | 22.52 | | 1.90 | | 42.78 | | 5.27 | | 118.58 |
C2 (inches) |__5.70 |
[ 12.10 | | 128.26 | | 5.68 | | 728.20 | | 19.08 | [ 2447.49 |
C3 (inches) [__15.50 |
I 860 | [ 103.20] | 617 | [ 636.76 | | 21.08 | | 2175.66 |
C4 (inches) [ 8.50
[ 3.20 | | 32.16 | | 5.06 | | 162.89 | | 11.28 | | 362.84 |
C5 (inches) [ 11.60 |
[ 2460 | [ 292.74] | 595 | 1742.17 | | 110.80 | | 32436.58 |
C6 (inches) [ _12.20 |
I 260| [ 2535] | 498 | [ 126.18 ] | 1419 | [ 359.74
C7 (inches) [__7.30]
[ 3220 | | 117.53 | | 2.43 | | 285.99 | | 203.93 | [ 23968.28 |
C8 (inches) [_o0.00]
| | | | | | | | | | | | |
C9 (inches)
I | | | | [ | [ | | | I
C10 (inches) | |
Average Crush (inches): 7.91
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsub1
Minimum | 133.9 || 5.1 ]| 7963.03 || 22895.37 ||  13.2 | 9.5 || 6.8 |
Avg - 2 Std. Deviations | N/A | N/A | [ N/A || N/AJL N/AJ[ N/AT[ N/A|
Avg - 1 Std. Deviations |_406.7 || 474 3565576 |[ 5241403 ][ 199][ 160][ 205]
Average | 6344 || 1154 |[ 70561.45||  87195.50 || 25.7|[ 214]|[ 32.0]
Avg + 1 Std. Deviations [ 813.0 || 189.6 || 105467.14 || 120953.21|| 303 || 256]|[ 41.0]
Avg + 2 Std. Deviations [___965.1 |[ _ 267.2 |[ 140372.84 ][ 154154.49|[ 342][ 202][ 487]
Maximum | 830.2 || 197.7 ||  109170.26 || 12449732 || 30.7|[ 26.0|[ 41.9]
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) 0.48

Area of Damage (inches?):

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301


Daniel
Rectangle
Lever Arm Distance (inches): 60.30


Crash Test 2
Dodge Avenger
Reduced NHTSA Data Set

Crash Test Stiffness Summary



4ANG6XPRT StifCalcs®

Available Test Results
Front Impact Test Summary

Report Filter Settings

Year Range: 2007 - 2014
Make: DODGE
Model: AVENGER

Test
Number

8195
6197
6169
5886
7464
7482

Vehicle
Info

2013 DODGE AVENGER FOUR DOOR SEDAN
2008 DODGE AVENGER FOUR DOOR SEDAN

2008 CHRYSLER SEBRING CONVERTIBLE CON...

2007 CHRYSLER SEBRING FOUR DOOR SEDAN
2012 DODGE AVENGER FOUR DOOR SEDAN
2012 CHRYSLER 200 FOUR DOOR SEDAN

No
Damage Average
Speed Crush

(mph)  (inch)
5.0 12.8
5.0 18.0
5.0 18.0
5.0 14.6
5.0 14.0
5.0 13.3

Average (AVG)
Minimum (MIN)
Maximum (MAX)

Standard Deviation (STDev-sample)

Number of Tests (n)

KEES |

(mph)
24.7
35.1
35.1
35.2
35.2

35.2

6

A
329.9
349.4
395.8
4315
484.0
487.4

413.0
329.9
487.4

66.6

B
101.4
116.7
132.3
178.2
208.5
220.5

159.6
101.4
220.5

49.9

G
536.7
523.1
592.3
522.4
561.6
538.6

545.8
522.4
592.3

26.9

Kv
159.3
158.6
179.8
242.2
283.4

299.6

220.5
158.6
299.6

63.1

Crush
Factor

30.0
191
37.1

6.7

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

Registrered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-030201SC01301



Crash Test 2

Jaguar Lever Arm = () inches



ANHXPRT StifCalcs ® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

Curb Weight {pounds). PDOF

Occupant + Cargo Weight (pounds):
Total Weight {pounds),

Lever Arm Distance (inches). 0.00

Yaw Moment of Inertia (Ib-ft-sec? I 2249.65 |

| 0
Angle Coll Force to Normal (degrees): 0.0 “Known" Stiffness Values
. A B
No Damage Speed (mph): 5.0] Average | 413.0 | [ 159.6 |
Energy Crush Depth (inches): Minimum ! 3299 | ! 101.4]
Damage Length {inches): 66.1 Maximum | 1874 ! 2205 |
Crush Profile Measurements: E Std. Devaton | 565 | [ 499
Unegual Zone Area Zone Area
Spacing Zone Area Depth(x) Depth (x) Depthiy) Depth(y)
{inches) {inches?) {inches) {inches?) {inches) {inches®)
C1 (inches) [ 0.00
. | 8.60] | 2150 | | 1.67] | 35.83 | | 5.73 | | 123.27
C2 {inches) 5.00]| i = f T
| 1070] | 7918 | 3.83] | 303.24] | 1663 | [ 1316.64 |
€3 (inches) [___9.80] y ?
| 12.80 192.64 | 7.83 I 150842 | | 3274 6307.84
C4 {inches) -EEI]
L_15.00] [ 318.00] | 1061 ] 3372331 | 5261 [ 16728.75

C5 (inches) [ 22101
C6 (inches) 17.20
C7 (inches) | 0.00

| 630 123.80 | | 988 | [ 122259 | 28.22 | [ 349338 |

1270 10922 | | 573| [ 626.19] | 67.73 7397.83
| | | Il || | | | | |

ANHXPRT StifCalcs ® Force Balance - Page 2 of 2

2001 JAGUAR XK8 - Side Impact

Curb Weight (pounds. PDOF Lever Arm Distance (inches). [E
Occupant + Cargo Weight (pounds): | 0
Total Weight (pounds) Yaw Moment of Inertia (lb-ft-sec? | 2874.86 I
Angle Coll Force to Normal (degrees)® | 0.0
No Damage Speed {mph):
Energy Crush Depth (inches)’
Damage Length (inches)
Crush Profile Measurements: j
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
{inches) {inches?) {inches) (inches?) {inches) {inches?®)
C1 (inches) |_0.00
: | 7.90] | 2252 | 1.90] | 42.78 | | 5.27] | 118.58 |

I

C2 (inches) [__5.70] -

1
!
[ 210 128.26 | | se8] [ 72820] | To0s] [ zaaras]
C3 (inches) 15.50 | |

I 8.60 103.20 l 6.17 ] 636.76! [} 21.08 2175.66 |
C4 (inches) |_8.50 !

| 3.20] | 3216 | 5.06] | 162.892 | | 11.28 | | 362.84 |
C5 (inches) [M
| 24.650 292.74 | | 595 [ 174217 | 110.80 | [ 32436.58 |

C6 (inches) 12.20
C7 {inches) |_7.30

| 260] | 2535 | | 4.98 | | 126.18 | | 1419 ] | 355.74 |
| 32.20 | [ 117.53 | | 243 | 285.99 | | 203.93 23968.28

C8 (inches) | | C8 (inches) |___0.00]
| | | ] | ) | | || | | || 1| 1| | | 1] |
C9 (inches) | | C9 (inches) | |
| | | | ] | | | | | | | ] 1] || | || |
C10(inches) C10(inches) | |
Average Crush (inches): | 12.77 Average Crush (inches) | 791
Average KE Closing Average KE
Results Force Damage Speed DeltaV  Speed Results Force Damage Speed DeltaV
A 8 {poundsf) Energy (ft¥lbs)  (mph) {mph) (MPH) A 8 {poundsf) Energy (ftlbs)  (mph) {mph) bsub1
Minimum [ 329.9 || 101.4 ][ 53698.91 || 85878.74 ||  27.7|[ 275]|[  50.8] Minimum | 533.0 || 81.5][ 53698.91 || 7057350 || 234|233 269]
Avg - 2 Std. Deviations [ 2798 || 59.8 ][ 3448589 | | 58504.92 || 229  230]| d25] Avg - 2 5td. Deviatons | 397.6 || 453 34485.89 || 51218.00 || 29.7]|  1es]|[ 204
Avg - 151d. Deviations [___346.4 | 1007 |[ 5774724 ][ o1983.65]] 28| 28.4][ 524 Avg - 151d. Deviations |___558.5 || 8950 or7a72a|[  vas5s923 |[ 238 240  28.2]
Average | 413.0 || 159.6 | | $1008.59 | 12508693 || 336 329 607 Average | 691.5 || 137.2 [ $1008.59 || 9737591 || 272]|[ 278  34.9]
Avg + 1 5td. Deviations [ 479.6 | 2098][  104260.94][ 16013546 ][ 378][ 3681 73] Avg + 15td. Deviations |___807.4]_ 187.0][ 104260.94][ 119806131 301 314 40.8]
—_—
Avg + 2 Std. Deviations [ 5462 ][ 2504 |[  127531.20|[ 19435524 |  a17][ 4031 74.5) Avg + 2 Std. Deviations | 9115 2383 |[  12753120|[ 141989651 323] 3411 460
Maximum | 487.4 || 2205 |[ 10917026 |[ 16710966 || 38.7] 375|693 Maximum | 830.2 || 197710917026 |[ 12449732 307 318  41.9]

k2
Eff. Mass Ratio (gamma) L 100]

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

k= 336450 |

Eff. Mass Ratio {gamma) I—LUO\

Damage Centroid Depth (%) (inches) | 5.16i
Damage Centroid Depth ({y) (inches) IE'
Area of Damage (inches®)

ANGXPRT StfCalcs® licensed by 4NEXPRT Systems (www. 4N6XPRT.com) to:
Registered Owner: 4NEXPRT SYSTEMS

Senal Number: 25R-0202018C01301

ANGXPRT StfCalcs® licensed by 4N6XPRT Systems (www 4N6XPRT com) to:
Registered Owner: 4NEXPRT SYSTEMS

Senal Number: 25R-0202015C013201



ANG6XPRT StifCalcs® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

Curb Weight (pounds): IEI PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] y [ 224985 ]
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 | 213.0 | | 159.6 |
Energy Crush Depth (inches): Minimum | 3299 | | 101.4 |
Damage Length (inches): Maximum | 4874 | | 2205 |
Crush Profile Measurements: Std. Devation | 66.6 | | 49.9 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches?) (inches) (inches®)
C1 (inches) [ 0.00]
[ 8.60 | | 21.50 | | 1.67 | | 35.83 | | 573 | | 123.27 |
C2 (inches) |_5.00 |
10.70 | | 79.18 | | 3.83 | | 303.24 | | 16.63 | [ 1316.64 |
C3 (inches) [ 9.80 |
12.80 | [ 192.64 | | 7.83 | [ 1508.42 | | 3274 | | 6307.84 |
C4 (inches) [_20.30 |
15.00 | | 318.00 | | 10.61 | | 3372.83 | | 52.61 | | 16728.75 |
C5 (inches) |_22.10 |
[ 6.30 | | 123.80 | | 9.88 | | 1222.59 | | 28.22 | | 3493.38 |
C6 (inches) [ _17.20 |
1270 | [ 109.22 | | 573 | [ 626.19 | | 67.73 | | 7397.83 |
C7 (inches) [___0.00 |
| | | | [ [ | | I
C8 (inches) | |
| I I | | | | | | | | | | I
C9 (inches)
I | | | | [ [ | | I
C10 (inches) | |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 329.9 || 101.4 || 53698.91 | | 85878.74 || 27.7|| 275 50.8]
Avg - 2 Std. Deviations [__279.8 || 59.8|[ 3448589 |[  58504.92 [ 229|[ 23.0]|[ 425]
Avg - 1Std. Deviations [__346.4 ][ 109.7 ][ 5774724 ][ 91983.95 ][ 28.7][ 284][ 52.4]
Average [ 413.0 ][ 159.6 ][ 81008.59 |[ 125986.93 ][ 33.6][ 329][ 60.7]

Avg + 1 Std. Deviations

[ 479.6 || 209.5 || 104269.94 | | 160139.46 | | 37.8 || 36.8 | 67.9

Avg + 2 Std. Deviations [___546.2 |[ _ 259.4 |[ 127531.29|[ 19435524 |[ 41.7|[ 403 ][ 745]
Maximum | 487.4 || 220.5 || 109170.26 || 167109.66 [| 38.7|[ 37.5]|| 69.3]|
Damage Centroid Depth (x) (inches) k?

Damage Centroid Depth (y) (inches)

Area of Damage (inches?):

Eff. Mass Ratio (gamma)

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301


Daniel
Rectangle
67.9

Daniel
Rectangle
346.4 109.7 57747.24 91983.95 28.7 28.4

479.6 209.5 104269.94 160139.46 37.8 36.8

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 413.0 159.6 81008.59 125986.93 33.6 32.9

52.4

67.9

60.7

Daniel
Rectangle
279.8 59.8 34485.89 58504.92 22.9 23.0

346.4 109.7 57747.24 91983.95 28.7 28.4

479.6 209.5 104269.94 160139.46 37.8 36.8

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 413.0 159.6 81008.59 125986.93 33.6 32.9

42.5

52.4

67.9

60.7


ANG6XPRT StifCalcs® Force Balance - Page 2 of 2

2001 JAGUAR XKS8 - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches): 0.00
Occupant + Cargo Weight (pounds): [ o] 5 [ za7488]
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2874.86
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) 0.00
[ 7.90 | | 22.52 | | 1.90 | | 42.78 | | 5.27 | | 118.58 |
C2 (inches) |__5.70 |
[ 12.10 | | 128.26 | | 5.68 | | 728.20 | | 19.08 | [ 2447.49 |
C3 (inches) [__15.50 |
I 860 | [ 103.20] | 617 | 636.76 | | 21.08 | | 2175.66 |
C4 (inches) [___8.50 |
[ 3.20 | | 32.16 | | 5.06 | | 162.89 | | 11.28 | | 362.84 |
C5 (inches) [ 11.60 |
[ 2460 | [ 292.74] | 595 | 1742.17 | | 110.80 | | 32436.58 |
C6 (inches) [ _12.20 |
I 260| [ 2535] | 298] | 126.18 | | 1419 | [ 359.74
C7 (inches) [__7.30]
[ 3220 | | 117.53 | | 2.43 | | 285.99 | | 203.93 | [ 23968.28 |
C8 (inches) [_o0.00]
| | | | | | | | | | | | |
C9 (inches)
I | | | | [ | [ | | | I
C10 (inches) | |
Average Crush (inches): 7.91
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsub1
Minimum | 533.0 || 81.5 || 53698.91 | | 7057350 ||  23.1 || 233 26.9]
Avg - 2 Std. Deviations | 397.6 || 453 ][ 34485.89 |[  51218.00][ 19.7|[ 195 20.1]
Avg - 1 Std. Deviations | 558.5 || 890.5|[ 5774724 [ 7458023 ][ 238]|[ 240][ 282]
Average [ 6915 || 1372 |[  81008.59 ||  97375.91 || 27.2|[ 27.8]|[ 34.9]
Avg + 1 Std. Deviations [ 807.4 || 187.0 || 104269.94 |[ 119806.13 || 30.1|| 31.1|[ 40.8]
Avg + 2 Std. Deviations [___911.5 |[ 2383 ][ 127531.29|[ 14198065 ][ 32.8|[ 341][ 46.0]
Maximum | 830.2 || 197.7 || 109170.26 || 12449732 || 30.7|[ 31.8|[ 41.9]
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)

Area of Damage (inches?):

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS Serial Number: 25R-030201SC01301
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Rectangle
Lever Arm Distance (inches): 0.00


Crash Test 2

Jaguar Lever Arm = 53 inches



ANGXPRT StjiCalcs ® Fojce Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

ANEXPRT SufCalcs ® Force Balance - Page 2 of 2

2001 JAGUAR XK8 - Side Impact

Curb Weight (pounds)’ [[s3ss] PDOF | cver Arm Distance {inches)" 0.00 Curb Weight (pounds): PDOF sy e (inches) [ 53 00
Occupant + Cargo Weight (pounds): [:II . z Occupant + Cargo Weight (pounds): | L1 i . :l
Total Weight (pounds): @ Yaw Moment of Inertia {lb-ft-sec?) [_,_ZTﬂi Total Weight (pounds)_' Yaw Moment of Inertia {Ib-ft-sec? | 2874.86
Angle Coll Force to Normal {degrees). E “Known" Stiffness Values Angle Coll Force to Normal {degrees). E
A B
No Damage Speed (mph): 5.0 Average | a30] | 159.6 | No Damage Speed (mph):
Energy Crush Depth (inches). Minimum [ 3299 ] ! 1014 ] Energy Crush Depth finches).
Damage Length {inches). Maximum [ 4874 | ! 2205 | Damage Length tinches).
Crush Profile Measurements: 7 5td. Devation £66 499 Crush Profile Measurements: | 8
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Cepthiy) Cepthiy) Spacing Zone Area Depth(x) Depth(x) Cepthiy) Cepthiy)
(inches) {inches?) {inches) {inches?) (inches) {inches® (inches) tinches?) {inches) tinches?) (inches) {inches®
C1 (inches) | 0.00 C1 (inches) | 0.00
! | 860 | 2150 | | 1.67 | | 35.83 | | 573 | | 123.27 ! | 7.90] | 2252 [ 1.90] | 4278 | | 527 | | 118.58 |
€2 (inches) |__s5.00] i €2 (inches) |__5.70 y , -
i | L_10.70] 7918 | | 3.83| [ 303.24] | 1663 ] [ 1316.64 | 1210 128.26 | | 568 [ 728.20] | 19.08 | [ 2447.49 |
C3 (inches) 9.80 ' . C3 (inches) 15.50 ! "
l 12.80 192.64 | | 7.83| [__1s0842] | 3274 6307.84 | | 8.60 103.20 | | 617] | 636.76 | | 2108 | [ 2175.66 |
C4 (inches) 2030 : C4 (inches) |__ .50
[ 1500] [ 318.00] | 1061 | [ 3372831 | 5261 16728.75 | 3.20] | 3216] | 5.06] | 162.89 | | 11.28 | | 362.84 |
C5 (inches) 2210 ) C5 (inches) |_11.60 ) ) - )
630 123.80 | | 5.88 1222546 | | 28.22 | [ 349338 | I l | 24.60 | [ 29274 | | 5.85 | | 174217 | 110.80 | [ 3243658 |
C6 (inches) 17.20 C6 (inches) 12.20 | :
:I | 12.70 109.22 | | 5.73| | 626.19 | | 67.73 7397.83 | | | 260 | 2535 | [ 4.98 | | 12618 | | 1419 | 359.74
C7 (inches) 0.00 C7 (inches) [__7.30] ° i
I 11 11 |1 || || 1 | 32:20 | [ 21753 | 2.43] | 285.99 | | 203.93 | 23968.28
C8 (inches) | | ) ) ) €8 (inches) |__0.00]
| | | | ] | [ || | [ | | | | | 11 | | il |
C9 (inches) | | : C9 (inches) | |
| | | | | | | | ] 1 | ]| | IR | || 1
Cl10(inches) L1 C10{inches) |
Average Crush (inchesy: [ 12.77 ] Average Crush (inchesy. | 7.91
Average KE Closing Average KE
Results Force Damage Speed DeltaV  Speed Results Force Damage Speed DeltaV
A 8 {poundsf) Energy (ftbs)  (mph) {mph) {MPH) A 8 {poundsf) Energy (ftlbs)  (mph) {mph) bsub1
Minimum [ 329.9]] 101.4 ]| 53698.91 | [ 85878.74 || 27.7 | 234 597 Minimum [ 533.0 || 81.5]| 53698.97 || 70573.50 || 231]| 193] 26.9]
Avg - 2 Std. Deviations [ 279.8 || 59.8]| 3448589 | 58504.92 | 229 196 ]| 50.0 Avg - 2 5td. Deviations |___ 3976 || 453 344s5.89]| 5121800  a97|[  166][ 204]
Avg - 15td. Deviatons |__ 3464 | 109.7][  57747.24][ 9198395 | 287 241 61.6] Avg - 1 §td. Deviations |__558.5 || 895 6774724  7aseom3 || 23w |[ 204 28.2]
Average [ a130]| _159.6]]  siwoesse ][ 12508683 ][ 336][ 2791 7131 Average | 6815 ]| 137.2 | 8100859 ||  o737s.en || 272 237 349]
Avg + 1 5td. Deviations [___478.6 1| 200.5][ 104269.94 160139.46 378|[ 313 78] Avg + 1 5td. Deviations [____807.4 ] 187.0][ 104268.84][ 116806130 304 265] 403
Avg + 2 Std. Deviations | 546.2 || 2504 |[ 12753120 194355.24)[ 417 343]| 875 Avg + 2 Std. Deviations | 911.5 || 2383 || 127531.20][ 14198865]| 328]|  200] 460]
Maimum | 487.4 || 2205 |[ 109170256 [ 1670966 [ 387 [ 319][ #5] Maximum | 830.2 || 197.7])[_ 10917026 [ 12449732 307 |[ 270] 41.9 |
Camage Centroid Depth (x) (inches) k2 3109.14 Damage Centroid Depth {x) (inches) | 516 k2 3364:50
Damage Centroid Depth (y) (inches) Eff Mass Ratio (gamma) | 1.00 Damage Centroid Depth (y) (inches) | 85.72 I Eff Mass Ratio {gamma) | 0.55

Area of Damage {inches?):

Area of Damage (inches?).

72139 I

ANEXPRT StfCalcs® licensed by 4N6XPRT Systems (www 4N6XPRT com) tor

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301

ANEXPRT StfCalcs® licensed by ANBXPRT Systems (www 4N6XPRT com) too

Registered Owner: 4N6XPRT SYSTEMS

Seral Number: 25R-0302015C01301



ANG6XPRT StifCalcs® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

i : PDOF . .
Curb Weight (pounds): IE' o Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] y [ 224985 ]
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 | 213.0 | | 159.6 |
Energy Crush Depth (inches): Minimum | 3299 | | 101.4 |
Damage Length (inches): Maximum | 4874 | | 2205 |
Crush Profile Measurements: Std. Devation | 66.6 | | 49.9 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches?) (inches) (inches®)
C1 (inches) [ 0.00]
[ 8.60 | | 21.50 | | 1.67 | | 35.83 | | 5.73 | | 123.27 |
C2 (inches) |__5.00 |
10.70 | | 79.18 | | 3.83 | | 303.24 | | 16.63 | | 1316.64 |
C3 (inches) [ 9.80 |
12.80 | [ 192.64 | | 7.83 | [ 1508.42 | | 3274 | | 6307.84 |
C4 (inches) [_20.30 |
15.00 | | 318.00 | | 10.61 | | 3372.83 | | 52.61 | | 16728.75 |
C5 (inches) |_22.10 ]
[ 6.30 | | 123.80 | | 9.88 | | 1222.59 | | 28.22 | | 3493.38 |
C6 (inches) [ _17.20 |
1270 | [ 109.22 | | 573| [ 626.19 | | 67.73 | [ 7397.83 |
C7 (inches) [__0.00 |
| | | | [ | [ | | | I
C8 (inches) | I
| | [ | | | | | | | | | | |
C9 (inches)
I | | | | [ | [ | | | I
C10 (inches) | |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 329.9 || 101.4 || 53698.91 | | 85878.74 || 27.7|| 234 59.7|
Avg - 2 Std. Deviations [__279.8 || 59.8|[ 3448589 |[ 58504.92 [ 229 19.6]|[ 50.0]
Avg - 1Std. Deviations |__346.4 || 109.7 ||  57747.24 ||  91983.95| 287 24.1][ 616/
Average |___413.0|[ 159.6 [[  81008.59 || 125986.93 || 33.6|[ 27.9]| 71.3|
Avg + 1 Std. Deviations | 479.6 || 209.5 [|  104269.94 [[ 160139.46 || 37.8|| 313]|[ 79.9]
Avg + 2 Std. Deviations [___546.2 |[ _ 259.4 |[ 127531.29 ][ 19435524 |[ 41.7|[ 343][ 875]
Maximum | 487.4 || 220.5 ||  109170.26 || 167109.66 || 38.7|| 319]|| 81.5]|
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)

Area of Damage (inches?):

Eff. Mass Ratio (gamma)

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301
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346.4 109.7 57747.24 91983.95 28.7 24.1

479.6 209.5 104269.94 160139.46 37.8 31.3

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 413.0 159.6 81008.59 125986.93 33.6 27.9
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Daniel
Rectangle
279.8 59.8 34485.89 58504.92 22.9 19.6

346.4 109.7 57747.24 91983.95 28.7 24.1

479.6 209.5 104269.94 160139.46 37.8 31.3

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 413.0 159.6 81008.59 125986.93 33.6 27.9

50.0
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71.3


ANG6XPRT StifCalcs® Force Balance - Page 2 of 2

2001 JAGUAR XKS8 - Side Impact

Curb Weight (pounds): PDOF : ~ .
Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] 5 [ za7488]
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2874.86
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) 0.00
[ 7.90 | | 22.52 | | 1.90 | | 42.78 | | 5.27 | | 118.58 |
C2 (inches) |__5.70 |
[ 12.10 | | 128.26 | | 5.68 | | 728.20 | | 19.08 | [ 2447.49 |
C3 (inches) [__15.50 |
I 860 | [ 103.20] | 617 | 636.76 | | 21.08 | | 2175.66 |
C4 (inches) [ 8.50
[ 3.20 | | 32.16 | | 5.06 | | 162.89 | | 11.28 | | 362.84 |
C5 (inches) [ 11.60 |
[ 2460 | [ 292.74] | 595 | 1742.17 | | 110.80 | | 32436.58 |
C6 (inches) [ _12.20 |
I 260| [ 2535] | 298] | 126.18 | | 1419 | [ 359.74
C7 (inches) [__7.30]
[ 3220 | | 117.53 | | 2.43 | | 285.99 | | 203.93 | [ 23968.28 |
C8 (inches) [ 0.00 |
| | | | | | | | | | | | |
C9 (inches)
I | | | | [ | [ | | | I
C10 (inches) | |
Average Crush (inches): 7.91
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsub1
Minimum | 533.0 || 81.5 || 53698.91 | | 7057350 ||  23.1 [ 19.8[ 26.9]
Avg - 2 Std. Deviations | 397.6 || 453 ][ 34485.89 |[  51218.00][ 19.7][  16.6 | 20.1]
Avg - 1 Std. Deviations | 558.5 || 890.5|[ 5774724 [ 7458023 ][ 238]|[ 204][ 282]
Average [ 6915 || 1372 |[  81008.59 ||  97375.91 || 27.2|[ 23.7]|[ 34.9]
Avg + 1 Std. Deviations [ 807.4 || 187.0 || 104269.94 |[ 119806.13 || 30.1|| 26.5|[ 40.8]
Avg + 2 Std. Deviations [___911.5 |[ 2383 ][ 127531.29 ][ 14198065 |[ 32.8|[ 20.0][ 46.0]
Maximum | 830.2 || 197.7 || 109170.26 || 12449732 || 30.7|[ 27.0[ 41.9]
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma)

Area of Damage (inches?):

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS Serial Number: 25R-030201SC01301
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Lever Arm Distance (inches): 53.00


Crash Test 2

Jaguar Lever Arm = 60.3 inches



4N6XPRT StifCalcs ® Force Balance - Page 1 of 2 4NEXPRT StifCalcs ® Force Balance - Page 2 of 2

2010 DODGE AVENGER - Front Impact 2001 JAGUAR XK8 - Side Impact
Curb Weight {pounds): @ PDOF Lever Arm Distance (inches): Curb Weight {pounds): PDOF Lever Arm Distance {(inches): m
Occupant + Cargo Weight (pounds): | 0 . Occupant + Cargo Weight (pounds): | (] .
Total Weight (pounds): @ Yaw Moment of Inertia (Ib-ft-sec® 2249.65 Total Weight (pounds): Yaw Moment of Inertia {|b-ft-sec® 2874.86
Angle Coll Force to Normal (degrees): | 0.0 "Known" Stiffness Values Angle Coll Force to Normal (degrees): | 0.0
A B
No Damage Speed (mph): | 5.0 Average | 413.0] | 159.6 | No Damage Speed (mphl:
Energy Crush Depth (inches): Minimum | 3299 | 1014 Energy Crush Depth (inches): 7.91
Damage Length (inches): 66.1 | Maximum | 1874 [ 2205 | Damage Length (inches):
- T
Crush Profile Measurements: | 7 5td. Devation | s65] | 499 Crush Profile Measurements: E
Unequal Zone Area Zone Area Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth (x) Depthiy) 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) o000 C1 (inches) [o00
Il 8.60] | 2150 | [ 1.67] | 3583 | [ 573] [ 123.27 [ 7.90] | 2252 | [ 1.90] [ 4278 | 5.27] [ 118.58 |
C2 (inchesy [__5.00 C2 (inches) |_5.70] )
E | [ 1070] [_79a8] [ 383| [ 303.24] | 1663 | [ 1316.64 | 5] 12.10 128.26 | [ 568 [ 728.20] | 19.08 | [ 2447.49 |
C3 (inches) 9.80 C3 (inches) 15.50
- l 12.80 192.64 ! 7.83 I 1508.42 3274 | 6307.84 iﬁ 8.60 103.20 ] 6.17 I 636.76 | | 21.08 2175.66 |
C4 (inchesy [_2030 ] C4 (inches) 8.50
[_1500] [_318.00] [ 1061 ] [ 337283 ] | 52,61 16728.75 [ 320] [ 3216 | 506] [ __16239] | 1128 | [ 36284
C5 (inches) 2210 C5 (inches) [_11.60
[ 630 123.80 | [ 988 | [ 122259 | 2822 | [ 349338 | 24.650 20274 | | 5.95| [ 174217 | 110.80 | [ 32436.58 |
C6 (inches) 17.20 C6 (inches) 12.20
[ 12.70 100.22 | [ 5.73 | | 626.19 67.73 7357.83 | [ 260] [ 2535] | 4.98] [ 12618 ] | 1419 [ 35074
7 Gnches) [_0.00 i C7 (inches) 7.30
| || | [ ] [ | 1 | [ | ] 3220 [ 11753 | | 2.43 | | 285.99 | | 203.93 23968.28
C8 {inches) [ ] C8 {inches) [ 0o00]
i ]I ] | | [ 1 [ | | I | i [[ ] [ | [ | [ ] [ ] 1 |
CS {inches) CS {inches) - )
[ ]| | [ |1 | ] | [ ] [ I [ | [ ] [ ] 1 |
C10 {inches) [ ] C10 (inches) [ ]
Average Crush (inches): Average Crush (inches): 7.91
Average KE Closing Average KE
Results Force Damage Speed DeltaV  Speed Results Force Damage Speed DeltaV
A 8 {poundsf) Energy (ft¥lbs)  (mph) {mph) (MPH) A 8 {poundsf) Energy (ft¥lbs)  (mph) {mph) bsub1
Minimum [ 329.9 || 101.4 ]| 53698.91 | [ 85878.74 |[  27.7|[ 225] 62.1 Minimum | 533.0 || 81.5 ][ 53698.91 | [ 70573.50 [ 234 190][ 269]
Avg - 2 Std. Deviations [ 2798 || 598 |[ 3448589 ][  sss0a92|[ 229|[ 1ss|[ 520 Avg - 2 5td. Deviations [ 3976 ]| 453 ][ 3448589 |[ s1z1s.00][  15.7][ 159][ 2041
Avg - 1 Std. Deviations [ 3464 | 109.7|[ 5774724 oness.es][ 287 |[ 232]1[ 644] Avg - 1 Std. Deviations [___558.5 ] 89.5|[  57747.2a ][ vasse.z3 |[ 238|[ 196][ 28.2]
Average | 413.0 || 159.6 | [ $1008.59 | 12508698 || 336|[ 269 742] Average | 691.5 || 137.2 [ $1008.59 | | 97375.91 | 272 [ 227]|[ 3a49]
Avg +15td. Deviations [___479.6 ][ 209.5][ 10426994 16013946 ][ 378|[ soa|[ @& Avg +15td. Deviations [___807.4 ][ 187.0][ 10426994][ 11580843 ][ s0a|[ 255|403
Avg + 2 5td. Deviations | 5462 |[ 2564 12753129 1ea3ss2a|[  m7|[ 330][  e10 Avg + 2 Std. Deviations [ 9115][ 2383 |[ 127531.20|[ 141989651  328][ a27s][ 4s0
Maximum | 487.4 || 220.5 |[ 10917026 [ 167109.66 |[ 387 |[ 307][ 848 Maximum | 830.2 || 197.7 |[ 109170.26 |[ 12449732 [ 307|[ 260][ a1.9]
Damage Centroid Depth (%) (inches) k= 3109.14 | Damage Centroid Depth (%) (inches) k2 3364.50 |
Damage Centroid Depth {y) (inches) m Eff. Mass Ratio (gamma) | 1.00] Damage Centroid Depth {y) (inches) Eff. Mass Ratio {gamma) |__0.48|
Area of Damage (inches®): Area of Damage (inches®):
ANGXPRT StfCalcs® licensed by 4NEXPRT Systems (www 4N6XPRT.com) to: ANGXPRT StfCalcs® licensed by 4NEXPRT Systems (www 4NEXPRT com) to:

Registered Owner: 4NEXPRT SYSTEMS Senal Number: 25R-0202015C01201 Registered Owner: 4NEXPRT SYSTEMS Serial Number: 25R-0202015C013201



ANG6XPRT StifCalcs® Force Balance - Page 1 of 2

2010 DODGE AVENGER - Front Impact

. . PDOF . .
Curb Weight (pounds): IEI o Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] y [ 224985 ]
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 | 213.0 | | 159.6 |
Energy Crush Depth (inches): Minimum | 3299 | | 101.4 |
Damage Length (inches): Maximum | 4874 | | 2205 |
Crush Profile Measurements: Std. Devation | 66.6 | | 49.9 |
Unequal Zone Area Zone Area
Spacing Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches?) (inches) (inches®)
C1 (inches) [ 0.00]
[ 8.60 | | 21.50 | | 1.67 | | 35.83 | | 5.73 | | 123.27 |
C2 (inches) |__5.00 |
10.70 | | 79.18 | | 3.83 | | 303.24 | | 16.63 | [ 1316.64 |
C3 (inches) [ 9.80 |
12.80 | [ 192.64 | | 7.83 | [ 1508.42 | | 3274 | | 6307.84 |
C4 (inches) [_20.30 |
15.00 | | 318.00 | | 10.61 | | 3372.83 | | 52.61 | | 16728.75 |
C5 (inches) |_22.10 ]
[ 6.30 | | 123.80 | | 9.88 | | 1222.59 | | 28.22 | | 3493.38 |
C6 (inches) [ _17.20 |
1270 | [ 109.22 | | 573 | | 626.19 | | 67.73 | [ 7397.83 |
C7 (inches) [___0.00 |
| | | | | | | | | | I
C8 (inches) | I
| | [ | | | | | | | | | | |
C9 (inches)
I | | | | | | | | | | I
C10 (inches) | |
Average Crush (inches):
Average KE Closing
Results Force Damage Speed DeltaV  Speed
A B (poundsf) Energy (ft*lbs)  (mph) (mph) (MPH)
Minimum | 329.9 || 101.4 || 53698.91 | | 85878.74 || 27.7|| 225 62.1]
Avg - 2 Std. Deviations [__279.8 || 59.8|[ 3448589 |[ 58504.92 [ 229 18.8]|[ 52.0]
Avg - 1Std. Deviations |__346.4 || 109.7 ||  57747.24 ||  91983.95| 287 23.2] 64.1]
Average [ 413.0 ][ 159.6 ][ 81008.59 [ 125986.93 ][ 33.6][ 26.9][ 74.2]
Avg + 1 Std. Deviations [ 479.6 ][ 209.5 |[ 104269.94 ][ 160139.46][ 37.8][ 30.1][ 83.1]
Avg + 2 Std. Deviations [___546.2 |[ _ 259.4 |[ 127531.29 ][ 19435524 |[ 41.7|[ 33.0][ 91.0]
Maximum | 487.4 || 220.5 ||  109170.26 || 167109.66 || 38.7|| 30.7|| 84.8]
Damage Centroid Depth (x) (inches) k2

Damage Centroid Depth (y) (inches)

Area of Damage (inches?):

Eff. Mass Ratio (gamma)

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS

Serial Number: 25R-0302015C01301
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Daniel
Rectangle
279.8 59.8 34485.89 58504.92 22.9 18.8

346.4 109.7 57747.24 91983.95 28.7 23.2

479.6 209.5 104269.94 160139.46 37.8 30.1

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 413.0 159.6 81008.59 125986.93 33.6 26.9

52.0

64.1

83.1

74.2

Daniel
Rectangle
279.8 59.8 34485.89 58504.92 22.9 18.8

346.4 109.7 57747.24 91983.95 28.7 23.2

479.6 209.5 104269.94 160139.46 37.8 30.1

Avg - 2 Std. Deviations

Avg - 1 Std. Deviations

Avg + 1 Std. Deviations

Average 413.0 159.6 81008.59 125986.93 33.6 26.9

52.0

64.1

83.1

74.2


ANG6XPRT StifCalcs® Force Balance - Page 2 of 2

2001 JAGUAR XKS8 - Side Impact

Curb Weight (pounds): PDOF Lever Arm Distance (inches):
Occupant + Cargo Weight (pounds): [ o] 5 [ za7488]
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) 2874.86
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) 0.00
[ 7.90 | | 22.52 | | 1.90 | | 42.78 | | 5.27 | | 118.58 |
C2 (inches) |__5.70 |
[ 12.10 | | 128.26 | | 5.68 | | 728.20 | | 19.08 | [ 2447.49 |
C3 (inches) [__15.50 |
I 860 | [ 103.20] | 617 | 636.76 | | 21.08 | | 2175.66 |
C4 (inches) [ 8.50
[ 3.20 | | 32.16 | | 5.06 | | 162.89 | | 11.28 | | 362.84 |
C5 (inches) [ 11.60 |
[ 2460 | [ 292.74] | 595 | 1742.17 | | 110.80 | | 32436.58 |
C6 (inches) [ _12.20 |
I 260| [ 2535] | 298] | 126.18 | | 1419 | [ 359.74
C7 (inches) [__7.30]
[ 3220 | | 117.53 | | 2.43 | | 285.99 | | 203.93 | [ 23968.28 |
C8 (inches) [_o0.00]
| | | | | | | | | | | | |
C9 (inches)
I | | | | [ | [ | | | I
C10 (inches) | |
Average Crush (inches): 7.91
Average KE
Results Force Damage Speed  Delta V
A B (poundsf) Energy (ft*lbs)  (mph) (mph) bsub1
Minimum | 533.0 || 81.5 || 53698.91 | | 7057350 ||  23.1 [ 19.0f[ 26.9|
Avg - 2 Std. Deviations | 397.6 || 453 ][ 34485.89 |[  51218.00][ 197 ][ 159 20.1]
Avg - 1 Std. Deviations |_558.5 || 805 |[ 5774724 7458023 |[ 238]|[ 196][ 282]
Average [ 6915 || 1372 |[  81008.59 ||  97375.91 || 27.2|[ 22.7]|[ 34.9]
Avg + 1 Std. Deviations [ 807.4 || 187.0 || 104269.94 |[ 119806.13 || 30.1|| 255]|[ 40.8]
Avg + 2 Std. Deviations [___911.5 |[ 2383 |[ 127531.29|[ 14198065 |[ 32.8|[ 279][ 46.0]
Maximum | 830.2 || 197.7 ||  109170.26 || 12449732 || 30.7|[ 26.0|[ 41.9]
Damage Centroid Depth (x) (inches) k?
Damage Centroid Depth (y) (inches) Eff. Mass Ratio (gamma) 0.48

Area of Damage (inches?):

ANG6XPRT StifCalcs® licensed by 4N6XPRT Systems (www.4N6XPRT.com) to:

Registered Owner: 4N6XPRT SYSTEMS Serial Number: 25R-030201SC01301
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IPTM 2026

2010 Dodge Avenger Damage Profile - IPTM 2026 Symposium - CT2
Units = Inches
delta-y = crush depth delta-x = crush length
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IPTM 2026

2001 Jaguar XK8 Damage Profile - IPTM 2026 Symposium - CT2
Units = Inches
delta-y = crush depth delta-x = crush length
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Year Range: 2007 - 2014
Make: DODGE
Model: AVENGER

Test Vehicle No
Number Info Damage Average |-=mmmmemeee Vehicle Widthe-e——- |
Speed Crush KEES |----Stiffness Valueg---—-- |
(mph) (inch) (mph) A B G Kv
7477 2012 CHRYSLER 200 FOUR DOOR SEDAN 5.0 29.0 199 1043 10.7 508.1 19.1
8195 2013 DODGE AVENGER FOUR DOOR SEDAN 5.0 128 247 3299 101.4 536.7 159.3
6197 2008 DODGE AVENGER FOUR DOOR SEDAN 5.0 18.0 351 3494 116.7 523.1 158.6

IPTM 2026

Force Balance: Crash Test 2

6169 2008 CHRYSLER SEBRING CONVERTIBLE CON... 5.0 18.0 351 3958 1323 5923 179.8
5886 2007 CHRYSLER SEBRING FOUR DOOR SEDAN 5.0 14.6 352 4315 1782 5224 2422

7464 2012 DODGE AVENGER FOUR DOQR SEDAN 50 14.0 352 4840 2085  561.6 2834
7482 2012 CHRYSLER 200 FOUR DOOR SEDAN 50 133 352 4874 2205 5388 2996
Average (AVG) 3689 1383 5404 1917

Minimum (MIN) 104.3 10.7 5081 1941

Maximum (MAX) 4874 2205 5923 299.6

Standard Deviation (STDev-sample) 131.6 724 284 955

Number of Tests (n) 7

Crush
Factor

5.4
19.1
274
274
33.9
35.3
371

26.5

5.4
37.1
11




IPTM 2026

2010 DODGE AVENGER - Front Impact

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

Total Weight (pounds):

Angle Coll Force to Normal (degrees):

No Damage Speed (mph):

Energy Crush Depth (inches):

Damage Length (inches):

Crush Profile Measurements:

2001 JAGUAR XKS8 - Front Impact

12.77

I

Curb Weight (pounds):
Occupant + Cargo Weight (pounds): o]

Total Weight (pounds):

Angle Coll Force to Normal (degrees):

No Damage Speed (mph):

3962

0.0

10.0

Energy Crush Depth (inches): m

PDOF

Lever Arm Distance (inches):

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

| 0.00 |

| 2249.65 |

Average
Minimum
Maximum

Std. Devation

"Known" Stiffness Values

A B
| 368.9 | | 138.3 |
| 104.3 | | 10.7 |
| 487.4 | | 220.5 |
| 131.6 | | 72.4 |

PDOF

Lever Arm Distance (inches):

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

i 0.00 |

I 2874.86 |
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IPTM 2026

Damage Length (inches):
Crush Profile Measurements: I:l

Unequal Zone Area Zone Area
Spacing  Zone Area Depth(x) Depth(x) Depth(y) Depth(y)
(inches) (inches?) (inches) (inches?) (inches) (inches?)

C1 (inches) [ 0.00]
l 8.60 | | 21.50 | | 1.67 | | 35.83 | | 5.73 | | 123.27 |

C2 (inches) |__5.00 |
| 10.70 | | 79.18 | | 3.83| | 303.24 | | 16.63 | | 1316.64 |

C3 (inches) |__9.80]
| | | 1280 ] | 19264 | 7.83 | |___1508.42 | | 3274 | | 6307.84 |

C4 (inches) 20.30
| 15.00] | 318.00] | 1061 | | 3372.83 | | 5261 | | 16728.75 |

C5 (inches) 22.10
| 630] | 123.80] | 983 | | 122259 ] | 28.22 | | 3493.38 |

C6 (inches) |_17.20 |
| 1270 | |  109.22 | | 573 | | 626.19 | | 67.73 | | 7397.83 |

C7 (inches) |__0.00 ]
| | | | | | | | | | |

C8 (inches) | |
| | I | | | | | | | | | | |

C9 (inches)

I | | | | | | | | | | |

C10 (inches) | |

Average Crush (inches):




IPTM 2026

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) 0.00
I 7.90 | | 22.52 | | 1.90 | | 42.78 | | 5.27 | | 118.58 |

C2 (inches) |_5.701
| | 12.10 | | 128.26 | | 5.68 | | 728.20 | | 19.08 | | 2447.49 |

C3 (inches) 15.50
8.60| | 103.20] | 6.17 | | 636.76 | | 21.08 | | 2175.66 |

C4 (inches) |__8.50]
| 3.20 | | 32.16 | | 5.06 | | 162.89 | | 11.28 | | 362.84 |

C5 (inches) |_11.60 |
| 2460] | 292.74] | 595 | |__1742.17 ] | 110.80 | | 32436.58 |

C6 (inches) |__12.20 |
260] | 2535 | 498 | | 126.18] | 14.19 | | 359.74 |

C7 (inches) |__7.30]
3220 | | 11753 ] | 2.43 | | 285.99 | | 203.93 | | 23968.28 |

C8 (inches) |_0.00]
| | | | | | | | | | | | |

C9 (inches)

I | | | | | | | | | | |

C10 (inches) | |

Average Crush (inches): 7.91




Results

IPTM 2026

Minimum

Avg - 2 Std. Deviations

Average KE Closing

Force Damage  Speed DeltaV Speed

A B (poundsf)  Energy (ft*lbs) (mph)  (mph)  (MPH)
104.3 10.7 7963.03 16438.22 12.1 13.8 25.5
105.7 -6.5 N/A N/A N/A N/A N/A

35655.76

57855.62

Avg - 1 Std. Deviations

Average

70561.45

110107.41

Avg + 1 Std. Deviations

Avg + 2 Std. Deviations

Maximum

632.1 | 283.1|[ 140372.84]] 215074611 439 422 780
487.4 2205 ][ 109170.26 ][ 167109.66][ 38.7][ 375][ 693

I




IPTM 2026

Force Balance: Crash Test 2
Lever Arm on Jaguar = 53"

2001 JAGUAR XKS8 - Front Impact

Curb Weight (pounds): Fnar Lever Arm Distance (inches): | 53.00 |
Occupant + Cargo Weight (pounds): Ijl
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) | 2874.86 |
Average KE Closing
Results
Force Damage Speed DeltaV  Speed
A B (poundsf)  Energy (ft*lbs) (mph)  (mph)  (MPH)
Minimum 104.3 10.7 7963.03 16438.22 12.1 11.7 29.9
Avg - 2 Std. Deviations 105.7 -6.5 N/A N/A N/A N/A N/A
Avg - 1 Std. Deviations 35655.76 57855.62
Average 70561.45 110107.41
Avg + 1 Std. Deviations 105467.14 162566.84
Avg + 2 Std. Deviations L_632.11]  283.1 140372.84 | 215074.61 43.9 | 35.9 91.7
Maximum 487.4 220.5 109170.26 167109.66 38.7 31.9 81.5
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IPTM 2026

Force Balance: Crash Test 2
Lever Arm on Jaguar = 60.3 inches

2001 JAGUAR XKS8 - Front Impact

Curb Weight (pounds): FOOF Lever Arm Distance (inches): | 60.30 |

Occupant + Cargo Weight (pounds): [_ol
Total Weight (pounds): Yaw Moment of Inertia (Ib-ft-sec?) | 2874.86 |
Average KE Closing

Results

Force Damage Speed DeltaV Speed
A B (poundsf)  Energy (ft*lbs) (mph)  (mph)  (MPH)
Minimum 104.3 10.7 7963.03 16438.22 12.1 11.3 31.1
Avg - 2 Std. Deviations 105.7 -6.5 N/A N/A N/A N/A N/A
Avg - 1 Std. Deviations 237.3 65.9 35655.76 57855.62 22.7 18.9 52.1
Average 368.9 138.3 70561.45 110107.41 314 25.2 69.7
Avg + 1 Std. Deviations 500.5 210.7 105467.14 162566.84 38.1 30.3 83.6
Avg + 2 Std. Deviations 632.1 | 283.1 140372.84 || 215074.61 | 43.9 | 34.5 95.4
Maximum 487.4 220.5 109170.26 167109.66 38.7 30.7 84.8

/]
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