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Thanks too.........

PA State Police

PCARS

Walmart for a great facility and lunch!
Chris Kelley

e Justin Pisano

Mike Grassi

Kevin Forcier

Anyone we have left off !



Consortium Website

All data from crash testing and this presentation
will be available at

http://tucrrc.utulsa.edu

Credentials

User: TUCRRCmember
Password: TUCRRCpassword


http://tucrrc.utulsa.edu/

Instrumentation

e |ST — Instrumented Sensor
Technology
—EDR3C / 3D Tri-axial

accelerometers sampling at
3072hz

— EDR3D Motion Master Tri-
axial accelerometer at
3072hz

* Includes 3 — axis angular rate




ST — Polarity (ISO)

P - i Right hand,

‘ e - direction of thumb
to "+, CUEEGL
fingers indicates
positive rotation



Instrumentation

* Video Vbox Lite
—GPS speeds for all vehicles

—2 x Hi-Res Video Cameras

—10HZ Sample rate
* Vbox Sport

—Tow Vehicle Speed




UAV Video / Photo

DJI Phantom Vision 2+
~S1600 with accessories ¥

700m range
— ~2200 feet @ 55 L

Camera - 3-axis stabilized .. ]
14 mega-pixel
1080p Video

25 minute flight time




The Plan!!]

Construct a 2 vehicle collision with a high
closing speed

CMV to Car collisions to look at effective mass
ratio in eccentric impacts

Examine Relevant CDR data based on collision
setup and dynamics

Explore “360” momentum concepts
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2003 Chevrolet Impala

3200 lbs




Overhead View - UAV
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2005 Chevrolet Malibu

3080 Ibs




Overhead View - UAV
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Crash Te’st#l - Video
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Crash Test #1 - Video
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Crash Test #1 - Video
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Crash Test #1 - Video
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Crash Test #1 - Video
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TheScene......




The Scene....




The Scene

RP3 7
1 57.60°

Secopdary Slap Damage

Tire Mark

Impala Final Rest

Tire Mark
—

Malibu Final Rest —

RP2

Tire Mark —

| Tire Mark

RP
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Momentum Solution

Units of Measure Angle Direction Send Data to Angle Sensitivity
[imperial [~} counterdockwise |~ | [l INRIEEE VRS Range

Vehicle #1 Wehicle #2
3,080 ! ehicle Weight (pounds] 3,200
0.0° Approach Headings 90.0°
63.0° Departure Headings 67.0°

Enter any 2 speeds
fmm?eith‘;r Vehicle #1 Post Impact Speed | ¥ 24.6 mph <«
vehicle's impact or
A R S LRl v chicle #2 PostImpact Speed | ¥ 26.0 mph < >
Impact Velocity: v Post Impact Velocity: v Change in Velocity: Av pdaf
Vehicle #1 21.7 mph : 31.8 fps 24.6 mph : 36.1 fps 24.3 mph : 35.7 fps 64.3°
Vehicle #2 45.0 mph : 66.0 fps 26.0 mph : 38.1 fps 23.4mph : 34.3 fps -25.7°
Impact Energy: E; Separation Energy: E .’ Combined AE Pdof Check
Vehicle #1 48,490 ftlb 62,316 ftib 130,499 ft Ib Valid
Vehicle #2 216,649 ftlb 72,323 ftlb
Closing 50.0 mph : 73.3 fps Separation 2.3mph:3.3fps Restitution: 0.045

Velocity Velocity



Momentum Solution

Approach and Departure Headings Vector Diagram

— Py 2 P, el Py =2 P, m—S AP, —3» AP,

-y -y, - 1y

- == |mpulse; == |mpulse;




CDR Data - Impala

System Status At Deployment

SIR Warning Lamp Status OFF
Driver's Belt Switch Circuit Status BUCKLED
Ignition Cycles At Deployment 26377
Ignition Cycles At Investigation 26378
Maximum SDM Recorded Velocity Change (MPH) -24.79
Algorithm Enable to Maximum SDM Recorded Velocity Change (msec) 107.5
Driver 1st Stage Time From Algorithm Enable to Deployment Command Criteria Met (msec) 12.5
Driver 2nd Stage Time From Algorithm Enable to Deployment Command Criteria Met (msec) N/A
Passenger 1st Stage Time From Algorithm Enable to Deployment Command Criteria Met (msec) 12.5
Passenger 2nd Stage Time From Algorithm Enable to Deployment Command Criteria Met N/A
(msec)
Time Between Non-Deployment And Deployment Events (sec) N/A
Frontal Deployment Level Event Counter 1
Event Recording Complete Yes
Multiple Events Associated With This Record No
One Or More Associated Events Not Recorded No
Seconds Brake Switch
Before AE Circuit State

Seconds Vehicle Speed Engine Speed Percent -8 OFF

Before AE (MPH) (RPM) Throttle -7 OFF

5 29 768 0 6 OFF

-5 OFF

-4 33 832 0 4 OFF

-3 37 704 0 -3 OFF

-2 41 832 0 -2 OFF

1 45 768 0 - OFF




CDR Data - Impala

4 SDM
2G1WF52E739403569 Deployment Data Recorded
0.00 Velocity
Change
(MPH)
-10.00
-20.00
Maximum SDM Recorded Velocity Change (MPH) -24.79
Algorithm Enable to Maximum SDM Recorded Velocity Change (msec) 107.5
Driver 1st Stage Time From Algorithm Enable to Deployment Command Criteria Met (msec) 12.5
Driver 2nd Stage Time From Algorithm Enable to Deployment Command Criteria Met N/A
aggl?enger 1st Stage Time From Algorithm Enable to Deploym 12.5
Time (milliseconds) 120 130 150
Recorded Velocity -1.55 -3.41 -6.51 -9.30 1240 | -1581 | -1922 | -2139 |-2294 | -2387 | -2449 | N/A N/A A N/A
Change (MPH)
-60.00
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Time (milliseconds)




CDR Data - Impala

System Status At Non-Deployment

SIR Warning Lamp Status ON
Driver's Belt Switch Circuit Status BUCKLED
Ignition Cycles At Non-Deployment 26377
Ignition Cycles At Investigation 26378
Maximum SDM Recorded Velocity Change (MPH) -0.76
Algorithm Enable to Maximum SDM Recorded Velocity Change (msec) 65
Crash Record Locked No
Event Recording Complete Yes
Multiple Events Associated With This Record No
One Or More Associated Events Not Recorded No
Seconds Before Brake Switch
AE Circuit State

S ds Bef Vehicle S d Engine S d 3 o

econds Before ehicle Spee ngine Spee 7 OFF

AE (MPH)p g(RPMf Percent Throttle 5 OFF

-5 OFF

-5 29 768 0 4 OFF

-4 33 832 0 3 OFF

-3 37 704 0 2 OFF

-2 41 832 0 R OFF

-1 45 768 0




CDR Data - Impala

2G1WF52E739403569 Non-Deployment Data oM
0.0 & & * % # & & & & 2 Velocity
Change
(MPH)
-10.00
-20.00
Time (milliseconds) 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Recorded Velocity 0.00 0.00 -0.31 -0.31 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62 -0.62
Change (MPH)
-40.00
-50.0@
-60.00
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Time (milliseconds)




CDR Data - Malibu

System Status At Deployment

SIR Warning Lamp Status OFF
Driver's Belt Switch Circuit Status BUCKLED
Passenger SIR Suppression Switch Circuit Status (if equipped) Air Bag Not
Suppressed
Ignition Cycles At Deployment 29108
Ignition Cycles At Investigation 29110
Maximum SDM Recorded Velocity Change (MPH) -7.69
Algorithm Enable to Maximum SDM Recorded Velocity Change (msec) 140
Time Between this Event and the Previous Event (sec) 0.0
Time From Algorithm Enable to Deployment Command Criteria Met (msec) 47.5
. . Seconds | Brake Switch
Seconds Vehicle Speed Engine Speed Percent Before AE Circuit State
Before AE (MPH) (RPM) Throttle 8 OFF
-5 14 896 0 -7 . OFF
-4 17 896 0 -6 OFF
-3 19 896 0 2 SEE
-1 22 960 0 7 OFF
-1 OFF




CDR Data - Malibu

& SDM
1G1ND52F65M142841 Deployment Data Recorded
0.0m Velocity
Change
(MPH)
5 1
-10.00
-20.08
Time (milliseconds) 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
SDM Recorded 0.00 0.00 0.00 -1.32 -1.76 -3.95 -3.95 -4.39 -5.70 -6.14 -6.58 -7.02 -7.46 -7.46 -7.46
Velocity Change
-40.00
-50.08
-60.00
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Time (milliseconds)




CDR Data - Malibu

System Status At Deployment Level

SIR Warning Lamp Status OFF
Driver's Belt Switch Circuit Status BUCKLED
Passenger SIR Suppression Switch Circuit Status (if equipped) Air Bag Not

Suppressed
Ignition Cycles At Deployment Level 29108
Ignition Cycles At Investigation 29110
Maximum SDM Recorded Velocity Change (MPH) -7.69
Algorithm Enable to Maximum SDM Recorded Velocity Change (msec) 140
Time Between this Event and the Previous Event (sec) N/A
Time From Algorithm Enable to Deployment Command Criteria Met (msec) 47.5

Seconds Vehicle Speed Engine Speed Percent
Before AE (MPH) (RPM) Throttle
-5 14 896 0
-4 17 896 0
-3 19 896 0
-2 20 960 0
-1 22 960 0




6DOF — Malibu— Main Impact

i
4529
AV, =-10.5 mph
32,87
AV, =-25.51 mph*
el AV, ., = 27.58 mph
=
g PDOF = 670
5
1]
3]
4 8.04+
d 0\
-4.37 U
*SAE J211 / EDR
-16.79 | : :
0.51 0.73 0.85 0.57
rh| L | o |September23.2IJ1412:3E?:25.T39€ Time {5}
Event Left Cursor Left Value Right Cursor Right Value Integral Delta Time Frequency
Sample Number g Sample Number g miles/hr s Hz

f==EDR3D #3045A 2:2:X 2041 -0.0505 2428 -0.1171 -10.5 0126 7.938
f==EDR3D #3045A 2:2:Y 2041 0217 2428 0.3778 25.51 0126 7.938




Secondary Contact?
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6DOF — Secondary Impact

; L1
- =
4529
AV, =-.11 mph
32,874
AV, =-2.67 mph*
. Time Between ~ .37 seconds
. 20.46+ \j
=2
: |
2
(5]
< 8.04- \J ’l
L
r., \ fﬂ \ i" S “2
M 'I ||“l lfl' i L, ’ q’\ “fk %;ﬂ. {\F_}ﬁ%&’ 1}'1. f\:{;{\, ~ -W::\n* . T’J;’ﬂc‘;\j"fﬂ - et - = A
7 / J ey X N SNy PR P e
| I Ve A ALY f' i i
-4.374 i \ L i
\ M’ L .f’ll
a
I *SAE J211 / EDR
|
-16.79 : : : :
0.59 0.78 0.96 1.15 1.33 1.52
ml << | > |Sep1ernber23, 2014 12:39:25.717( Time (s) September 23, 2014 12:39:26.6451
Event Left Cursor Left Value Right Cursor Right Value Integral Delta Time Frequency
Sample Number g Sample Number g miles/hr s Hz
f=—=EDR3D #3045A 2:2:X 3179 0.005499 3384 0.01305 0.1109 0.06673 14.99
f==EDR3D #3045A 2:2:Y 3179 -0.09727 3384 -0.9951 2.676 0.06673 14.99




Vbox Sport




Crush Analysis???
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Damage Profiles
Created using
Photo Modeler
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Impala

Impala T “
42.5in
E g ¥ 2080 1b 817 in
A
f. I T
Protile
¥
)
200 in 110.6in
71.9in
1188 in
v L
ry
11201b
46.5in
¥ ¥
[ L
72.8in




Malibu
damage
Profile
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Crash Test: 3798 !
25 mph Barrier Test
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Impala Crush

Crush Distance

Crash Test Data Zone Width Zone Measurements
Measurements from c,
Test Number 3798 cy 0.0 in MN/A MN/A Zone # Area Xx»area Yxarea Force
Make Chevrolet Cs 5.3in 5.2in 52in 1 13.8in? 24 3 in® 478 in® 65,2314 b
Model Impala C3 6.5in 12.8 in 76in 2 44 8 in? 1327 in® 409 3 in® 14,8584 |b
Year 2001 Cy 8.7 in 20.2 in 74in 3 56.2 in? 2152 in® 938.0 in® 17,3964 |b
Av 27.7 mph Cs 10.0 in 33.0in 128in 4 119.7 in? 5604 in® 3201.2 in® 35,3064 b
Average Crush 113 in Cg 8.8in 46.1 in 13.11in 5 123.11in? 5795in® 4853.0 in® 36,2864 b
b, 5.0 mph (¥4 5.5in 56.3 in 10.2In 6 729 in? 2654 in? 37054 In? 229101 b
Test Weight K R e cme e - memT T T momoT e 7,380.0 b
Damage Length 50259 Ib
Crush (damage) Energy — 66,520.7 ft=/b
Crashed Vehicle
contact A stiffness — 535.7 Ib/in
Vehicle = . b
Longth : B stiffness — 214.3 Ib/in
Width
Wheebase w Force — 145,394.9 Ib
Front Over-hang
Rear Over-hang 46.9n Centroid Y — Offset Measurements Damage Plain Moment Arm Information
Total Weight 3,200.01b Distance From ¢ ; Measurement 32.5 in Damage Plain Side Front
Front axle weight 2.080.01b Offset from Damage Center 0. in Damage Plain pdof (Energy & Force Calculations) 23.0°
Rear Axle weight 1,120.0 b Offset from Center of Gravity 13.1in Moment Arm Distance 42 .3 in

Front/Rear %

65% 1 35%

+ = right or rear of cg, - = left or forward of cg




Malibu Crush

Crashed Vehicle Data Crush Distance Zone Width Zone Measurements

Measurements from c,
Contact Width 95.5in (o 0.0 in N/A N/A Zone # Area Xxarea Yxarea Force
b, 5.0 mph Cs 8.8in 21.1in 2111in 1 92 8 in? 2723 1In? 13059 in® 221631 b
PDOF 67.0° Cj 9.9 in 42.2 in 21.11in 2 197.3 In® 9234 in? 6284.9 In? 38,9616 Ib
Vehicle Malibu Cy 8.5in 73.9in 37in 3 2916 in? 13441in® | 168125in®* | 57,7700 b
Length 188.2 in Cs 5.8in 87.1in 13.21n 4 94 4 in? 341.4in® 7558 .4 in® 19,7034 b
Width 70.1in Cg 0.0 in 95.5 in 84in 5 24 4 in? 471 in? 2190.0 in® 6,796.7 b
Wheelbase 106.2 in
Front Over-hang | 38.6in Crush (damage) Energy — 67,528.0 fix/b
Rear Over-hang 43.4in
Total Weight 3,200.0 Ib A stiffness — 315.5 Ib/in
Front axle weight 1,940.0 Ib
Rear Axle weight | 1,260.0 Ib B stiffness — 148.1 Ib/in*
Front/Rear % 61% / 39%

Force — 145394.91h [zomn
Average Crush of 9.68 in 9.5 Ib/in
Computer Model Centroid Depth from Damage Plain 4.2in B stiffness — 148.1 Ib/in?
Distance From Center of Gravity 309 in Force — 145,394.9 b
Centroid Y — Offset Measurements Damage Plain Moment Arm Information
Distance From ¢ ; Measurement 48.8 in Damage Plain Side Right
Offset from Damage Center 1. in Damage Plain pdof (Energy & Force Calculations) 23.0°
Offset from Center of Gravity 28 8in Moment Arm Distance -14.4 in

+ = right or rear of cg, - = left or forward of cg




Av Calculations

ebs/bev 36.6 fps I

24 9 mph

AV

¥ ¥

W R R T RS T I T SR MW R A RS S 8

36.6 fps

bs/b
ehsIbev 25 1 mph

AV a

# ¥




P, — Vehicle #1 Impact Momentum
P, _Vehicle #2 Impact Momentum
P, - Vehicle #1 Post Impact Momentum

P, - Vehicle #2 Post Impact Momentum
Total Momentum

A P, (V;— Impulse Vector)

/

P2

A P; (V>— Impulse Vector)
Vehicle #1 PDOF: -23 00°

127,237.3 mph -

59.419.9 mph

71 .400.9 mph
140 428 1 mph

69.112.8 mph

bs @

~Ibs @
69,112.8 mph -

bs @

“Ibs @

~Ibs @
69,112.8 mph -

bs @

- Ibs @

0.00 *°
90.00 °
23.00°

27.00°
2203 °
157.00 °

337.00 °

\ehicle #1 Weight 3.200.0 Ibs

Impala Impact Speed: 39.8 mph
Malibu Impact Speed: 18.6 mph
Impala Post Impact Speed: 21.6 mph
Malibu Post Impact Speed: 22.3

Impala Change in Velocity: 21.6 mph
Malibu Change in Velocity: 21.6 mph

Pl

39.8 mph
18.6 mph
21.6 mph
22 .3 mph

21.6 mph
21.6 mph




Crash Test #2
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1993 Peterbilt 379 Conventional
Cab 6X4 Tractor

Measured Weight 19,000 Pounds

J.B.HUNT
e termodal




1999 Pontiac Grand Am, 2 door
Measured Weight 3000 Lbs
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Video
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Crash Facts

Central Collision—no need to

consider rotation with Effective
Mass Ratio

Delta V of the car was 26 mph

Measured impact speed was 28 mph



Test

2 - Bullet

o e g e o =y R o A B R A A i i A
2.00
u.uv-MMn ﬁn[\ﬂ W%ﬂ@qmﬂ S i A NN Prean
U U | DAV SNV A VST
AV, = -4.94 mph
= 1.3
z AV, =-.69 mph*
0 Yy
8
& =
[&]
L -3.80+
573
*SAE J211 / EDR
_T&G T T T T
0.2 0.3 047 058 072 085
'-h‘ 4 #» |September 23, 2014 14:27:55.260¢ Time (5} september 23, 2014 14:27:55.9001
Event Left Cursor Left Value Right Cursor  |Right Value  |Integral Delta Time Frequency
Sample Humber q Sample Humber q miles/hr 3 Hz
f==EDR3C #1951 1:3:X 27 0.07176 1201 0.01378 -4.941 0.1543 6.461
f==EDR3C #1951 1:3.Y 27 -0.06858 1201 0.4678 0.6993 0.1543 6.461




Crash 2 — Grand Am CG 6DOF - A

W W NN W W W W 15 Lo B T S S S S S S T T S S S AT T
5.08
.45+
AV, = +.29 mph
k= -5.094
5 AV, =+26.05 mph*
= \ - * p
}_
£ %
3 AV, i = 26.05 mph
2 tota
16,584
-25.264
*
SAE J211 / EDR
-33.85 | T T T
0.51 082 1.03 1.28 148 1687
'-h| €€ | 3> |September 23, 2014 14:27.56.135! Time (5} september 23, 2014 14:27:57.1841
Event Left Cursor Left Value Right Cursor  |Right Value |Integral Delta Time Frequency
Sample Number q Sample Number q miles/hr 3 Hz
f==EDR3D #3045A 1:1:X | 2034 0.05693 2408 -0.02049 0.2993 01217 8.214
f==EDR3D #3045A 1:1:Y 2034 0.04948 2408 -0.1407 -26.05 01217 8214




Crash 2 — Grand Am CG 6DOF - B

: q.llh *wvlwqm-\fm#—"\l
118.18
Integral Rotation = 7 deg.
80 54 o
Peak Rotation Rate ~ 115 deg. / sec
0
o 4293
2
o
[
o M
=
@
) 531 ﬂ n )lL\ M o NI N e
& SV i 4 5 e, e, -
[, " e
-32.304
65992 | | | :
0.58 0.9 1.23 1.56 1.88 22
'-h o =3 ‘September23.201414:2?:5-5.321: Time (5} september 23, 2014 14:27.57 4518
Event Left Cursor Left Value Right Cursor  |Right Value |Integral Delta Time Frequency
Sample Number deg/s Sample Number deg/s deg 3 Hz

f==EDR3D #3045B 1:1:Z 1990 0.7908 2851 -1.345 7697 0.2803 3.568




Closing Speed Calculation

Calculate the delta-V of the truck:
Av_w. (26)(3000)

AV, =—2F = =4.1mifh
W, 19000
Calculate the closing speed
(impact speed) v, =|AV,|+|Av,| = 26+4.1=30.1 mi/h

* The calculated speed is a bit higher than the
measured impact speed of 28 mph. Why?
* Answer: Restitution

Considering :(i)(|Avl|+|Av2|) :(ij(zmzu) - 273 mif
Restitution: 1+€ 1+.1
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1993 Peterbilt 379 Conventional
Cab 6X4 Tractor

Measured Weight 19,000 Pounds




1994 Ford Mustang, 2 door

Measured Welght 3060 Lbs
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The Scene




The Scene
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Video
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Video
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Crash Facts

Non-Central Collision—need to consider
rotation with Effective Mass Ratio

Long Delta-V = 2.687 mph
Lateral Delta-V = 16.410 mph
Measured impact speed was 33 to 34 mph

From instrumentation:
316 deg. Rotation
 Max rate was 408 deg./sec



IST Data

 Multiple Accelerometers

—6DOF was at ~CG
(longitudinal)

— Middle IST was ~1.9 feet
read of 6DOF IST

— Rear IST on bumper bar
near rear-most point of
vehicle




IST Data| B

e Different A’s at different
locations in the vehicle?

— Forward IST:

* 16.62 mph

— Middle IST:
e 27.58 mph

— Rear IST

* No reliable data due to
extreme clipping / saturation
of 50g rated accelerometer!!



Test

3 — Bullet

WA Ay B

PN

O e W e S e o e o R O e e

216
™ . /JC\/\N\JW/\ AR Ny VaVath i\
Wu\f W WA Vv e S
= -1.49
s
i AV, =-2.49 mph
@
(%]
E¢ 232 AVy =-.05 mph*
AV, . = 2.49 mph
. AVt =.074 sec
*SAE J211 / EDR
- 0.20 DIB,‘ UI4? U:”}U UITd 0.a7
S e Sleptember23,201416:02:14.128' - . Time (s . . September23,201416:02:14.8603
Bl «| > ] )
Event Left Cursor Left Value Right Cursor  |Right Value  |Integral Delta Time Frequency
Sample Humber q Sample: Number q miles/hr 5 Hz
f==EDR3C #1951 1:1:X 688 -0.02147 M7 0.02562 -2.492 0.07454 13.41
f==EDR3C #1351 1:1:Y 688 0.02013 M7 -0.08653 0.05819 0.07454 13.41




— Mustang CG 6DOF - A

g S S R S SIS S SR I o RS S R S o o S o o S S I S S S o S SR S RS o SRR
\ \
i [ mﬁm
0.24 {f\MJ | \Ahﬂ fil J JM:‘M o A s oo hop o
\V V : v yw | U“’“ LAV ARV VEC QR 2 At d ey WJW{ T S SR S R AT
_ -6.204 L
o —
z AV, = +2.68 mph
Bx u .
@
2 AV, =+16.41 mph
(&)
< -12.63 h
AV, = 16.62 mp
-19.07+
*SAE J211 / EDR
-25.50
0.61 u‘l‘.'s ﬂ.lga T.!IH 1.I31 1.49
Eﬁl = | 22 |59I>‘embe'23-2°1415'021152595 Time (s) september 23, 2014 16:02:16.1422
Event Left Cursor Left Value Right Cursor |Right Value Integral Delta Time Frequency
Sample Number g Sample Number g miles/hr s Hz
f=—EDR3D #3045A 1:1:X 2031 0.07045 2268 2.039 2701 0.07715 12.96
f=—EDR3D #3045A 1:1:Y 2031 -0.005397 2268 -0.5658 -16.41 007715 12.96




Crash

— Mustang CG 6DOF - B

87.42

-16.35+
)
< -120.124
o)
o)
5]
o N
>
5
3
o -223.894
c
a4

-327 65

Integral Rotation = 316 deg.
-431.43 , : , ,
(.00e+00 1.07e+00 2.13e+00 3.20e+00 4 26e+00 5.33e+00
rh‘ < | 3> |September 23, 2014 16:02:14.725¢ Time{s} ieptember 23, 2014 16:02:20.0533
Event Left Cursor Left Value Right Cursor  |Right Value |Integral Delta Time Frequency
Sample Number  |deg/s Sample Number  |deg/s deg 8 Hz

f===EDR3D #3045B 1:1:Z 1952 -0.5002 8549 1.026 3167 2147 0.4657




Crash

— Mustang CG 6DOF - B

gr42

-16.35-
0
g -120.124
=
o
0
o M
=
@
=]
o -223.894
C
i

-327 66+

Peak Rotation Rate ~ 407 deg. / sec
-431.43
T T T T
0.00e+00 1.07e+00 2.13e+00 3.20e+00 4 26e+00 5.33e+00
rh‘ g | = ‘SeptemberZS. 2014 16:02:14 725! Time(s} ieptember 23, 2014 16:02:20.0533
Event Left Cursor Left Value Right Cursor  |Right Value |Integral Delta Time Frequency
Sample Number deg/s Sample Number deg's deg 5 Hz

f==EDR3D #3045B 1:1:Z 2407 4077 16368 233 1894 4545 022

Usar Information




Test

3 — Middle IST

L (T A S R R
13.91
N\ \/ R
G -9.894
E AV, =-10.5 mph
8
o — b3
3 AV, =-25.51 mph
3 -21.80+
33704
*SAE J211 / EDR
_4560 T T T T
0.24 0.35 0.47 0.58 0.68 0.1
'-h <2 b ‘S&pt&mber23,201416:02:15.448( Time (5} ieptember 23, 2014 16:02:16.0147
Event Left Cursor  |Left Value Right Cursor  |Right Value  |Integral Delta Time Frequency
Sample Number  |g Sample Number | g miles/hr 5 Hz
f==EDR3C #1751 1:1:X | 757 0.01309 1122 1448 7.329 0.1188 8.416
f==EDR3C #1751 1:1.Y 757 -0.007089 1122 0.2683 -28.43 0.1188 8.416




3 — Rear IST (On Bumper)

——
UU\'

52.93 \l

3 404
@ §.884
5
B = ﬂ
kel
o
[&]
[&]
€ 11644

-33.16

-54.68

T T T T
0.23 0.32 0.54 07 0.85 1.0
ml 4 | >4 |Septemher23,201415:02:14.901! Time (5} september 23, 2014 16:02:15.8855
Event Left Cursor Left Value Right Cursor |Right Value |Integral Delta Time Frequency
Sample Number q Sample Number q miles'hr 5 Hz

f==EDR3D #2211B 1:1:X 727 0.007327 965 47.96 46.43 0.07747 12.91
f=—EDR3D #2211B 1:1.Y 127 0.04689 965 0159 8.356 0.07747 12.91




Total Delta-V Calculation

AV, :\/Avf AV

y

AV, =+/2.687% +16.41° =16.6 milk



Delta-V for the Truck

AV _ AVcachar _ (166)(3060) -7 m|/h

Y 19000

truck




Closing Speed (ignoring rotation)

Vo = (Hej(‘Avl‘ v,

.- (ij(la.mzj) 175 il
1+.1

Measured Speed was 33 to 34 mi/h



The Effect of Eccentricity on
Offset Collisions



Eccentric Crash Thought Experiment

Q:What is the DeltaV Sensed by the
trailer here at the kingpin?

A: O mph. An EDR here would

miss 100% of the DeltaV

Q:What is the DeltaV Sensed by the
trailer here at the crash center?




Delta-V from Mustang CT3

mlg




Increasing Eccentricity

Central Collisions are easy. In central collisions the ACM DeltaV
is the same as the vehicle DeltaV (when the module is at
CG)




Increasing Eccentricity

But as eccentricity increases, the difference between the
DeltaV as sensed by the ACM and the DeltaV at the area of
crash damage increases.

The amount of eccentricity is defined by the measure “h” or
the lever-arm




Source of Effective Mass Ratio

« EMR is related to the length of the moment arm

e EMR is also related to the properties of the vehicle.
— Weight
— Size
— Construction (FWD, RWD, Mid-Engine, etc)

* Weight, Size and Construction type determine the Yaw
Moment of Inertia.

k2
k? + h?

7/:

Yaw Moment of Inertia(g) 1,9
Vehicle Weight W

Where k* =




Determine Moment Arm

O EE v ___IR




The Yaw Moment of Inertia

Look up in AutoStats

Calculate with regression equation (Garrott
SAE 881767)

|, =1.03W 1206 = (1.03)(3060) 1206 = 1946 ft-Ib-sec’

2 1,0 _ (1946)(32.2) 905 2
W 3060




The Effective Mass Ratio

k* 20.5

— — — 47
k*+h°  205+4.8°

/



Closing Speed

V. = (ij/‘mﬁ‘ . v,
1+e

1 V)
. - (ij(m V21346 mith
1+1)0 47 1

Measured Speed was 33 to 34 mi/h






