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Thanks too……… 

• PA State Police 

• PCARS 

• Walmart for a great facility and lunch! 

• Chris Kelley 

• 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 
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Instrumentation 

• IST – Instrumented Sensor 
Technology 

– EDR3C / 3D Tri-axial 
accelerometers sampling at 
3072hz 

– EDR3D Motion Master Tri-
axial accelerometer at 
3072hz 

• Includes 3 – axis angular rate 



IST – Polarity (ISO) 

+x 

+z 

+y 

Right hand, 
direction of thumb 

to “+”, curl of 
fingers indicates 
positive rotation 



• Video Vbox Lite 

–GPS speeds for all vehicles 

–2 x Hi-Res Video Cameras 

–10HZ Sample rate 

• Vbox Sport 

–Tow Vehicle Speed 

Instrumentation 



UAV Video / Photo 

• DJI Phantom Vision 2+ 

• ~$1600 with accessories 

• 700m range 

– ~2200 feet 

• 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 

 



Crash Test #1 

2003 Chevrolet Impala vs. 
2005 Chevrolet Malibu 



2003 Chevrolet Impala 
3200 lbs 



Overhead View - UAV 



2005 Chevrolet Malibu 
3080 lbs 



Overhead View - UAV 



Crash Test #1 - Video 



Crash Test #1 - Video 



Crash Test #1 - Video 



Crash Test #1 - Video 



Crash Test #1 - Video 



Crash Test #1 - Video 



The Scene…… 



The Scene…. 



The Scene 



Momentum Solution 



Momentum Solution 



Momentum Solution 



CDR Data - Impala 



CDR Data - Impala 



CDR Data - Impala 



CDR Data - Impala 



CDR Data - Malibu 



CDR Data - Malibu 



CDR Data - Malibu 



6DOF – Malibu– Main Impact 

∆Vy = -25.51 mph* 

∆Vx = -10.5 mph 

*SAE J211 / EDR 

∆Vtotal = 27.58 mph 

PDOF = 67∘ 



Secondary Contact? 



Secondary Contact 



Secondary Contact 



6DOF – Secondary Impact 

∆Vy = -2.67 mph* 

∆Vx = -.11 mph 

Time Between ~ .37 seconds 

*SAE J211 / EDR 



Vbox Sport 



Crush Analysis??? 







Damage Profiles 
Created using 

Photo Modeler 







Impala 
Damage 
Profile 

Combined 



Malibu 
damage 
Profile 



Crash Test: 3798 
25 mph Barrier Test 



Issue 







Impala Crush 



Malibu Crush 



Dv Calculations 



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 
 



Crash Test #2 

1993 Peterbilt vs. 

 1999 Grand Am 



1993 Peterbilt 379 Conventional 
Cab 6X4 Tractor 
Measured Weight 19,000 Pounds 



1999 Pontiac Grand Am, 2 door 
Measured Weight 3000 Lbs 



The Scene 



The Scene 



Video 



Video 



Video 



Video 



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 

∆Vy = -.69 mph* 

∆Vx = -4.94 mph 

∆Vtotal = 4.98 mph 

*SAE J211 / EDR 



Crash 2 – Grand Am CG 6DOF - A 

∆Vy = +26.05 mph* 

∆Vx = +.29 mph 

∆Vtotal = 26.05 mph 

*SAE J211 / EDR 



Crash 2 – Grand Am CG 6DOF - B 

Integral Rotation = 7 deg. 

Peak Rotation Rate ~ 115 deg. / sec 



Closing Speed Calculation 

Calculate the delta-V of the truck: 

  26 3000
4.1 mi/h

19000

car car
truck

truck

v w
v

w

D
D   

Calculate the closing speed 
(impact speed) 1 2 26 4.1 30.1 mi/hcv v v D  D   

• The calculated speed is a bit higher than the 
measured  impact speed of 28 mph. Why? 

• Answer: Restitution 

Considering 
Restitution: 

   1 2

1 1
26 4.1 27.3 mi/h

1 1 .1
cv v v

e

   
 D  D      

    



Crash Test #3 

1993 Peterbilt vs. 

 1994 Mustang 



1993 Peterbilt 379 Conventional 
Cab 6X4 Tractor 
Measured Weight 19,000 Pounds 



1994 Ford Mustang, 2 door 
Measured Weight 3060 Lbs 



The Scene 



The Scene 



The Scene 



Video 



Video 



Video 



Video 



Video 



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 
• Different ∆’s at different 

locations in the vehicle? 

– Forward IST: 

• 16.62 mph 

– Middle IST: 

• 27.58 mph 

– Rear IST 

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



Test #3 – Bullet 

∆Vy = -.05 mph* 

∆Vx = -2.49 mph 

∆Vtotal = 2.49 mph 

*SAE J211 / EDR 

∆Vt = .074 sec 



Crash # – Mustang CG 6DOF - A 

∆Vy = +16.41 mph* 

∆Vx = +2.68 mph 

∆Vtotal = 16.62 mph 

*SAE J211 / EDR 



Crash # – Mustang CG 6DOF - B 

Integral Rotation = 316 deg. 



Crash # – Mustang CG 6DOF - B 

Peak Rotation Rate ~ 407 deg. / sec 



Test #3 – Middle IST 

∆Vy = -25.51 mph* 

∆Vx = -10.5 mph 

∆Vtotal = 27.58 mph 

*SAE J211 / EDR 



Test #3 – Rear IST (On Bumper) 



Total Delta-V Calculation 

2 2

2 22.687 16.41 16.6 mi/h

t x y

t

v v v

v

D  D  D

D   



Delta-V for the Truck 

  16.6 3060
2.7 mi/h

19000

car car
truck

truck

v w
v

w

D
D   



Closing Speed (ignoring rotation) 

 

 

1 2

1

1

1
16.6 2.7 17.5 mi/h

1 .1

c

c

v v v
e

v

 
 D  D 

 

 
   

 

Measured Speed was 33 to 34 mi/h 



The Effect of Eccentricity on 
Offset Collisions 

94 



Eccentric Crash Thought Experiment 

A: 0 mph. An EDR here would 
miss 100% of the DeltaV  

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

 

 

 
Q:What is the DeltaV Sensed by the 

trailer here at the crash center? 



Delta-V from Mustang CT3 



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) 

 

 

 

97 



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 

• 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. 

 

 

 

 

 

 

2

2 2

k

k h
 



2 Yaw Moment of Inertia( )
Where   

Vehicle Weight

yI gg
k

W
 



Determine Moment Arm 

4.8 
ft 



The Yaw Moment of Inertia 

Look up in AutoStats 

Calculate with regression equation (Garrott 
SAE 881767) 

   21.03 1206 1.03 3060 1206 1946 ft-lb-secyI W    

  2 2
1946 32.2

20.5 ft
3060

yI g
k

W
  



The Effective Mass Ratio 

2

2 2 2

20.5
.47

20.5 4.8

k

k h
   

 



Closing Speed 

1 2

1 2

1

1

1 16.6 2.7
34.6 mi/h

1 .1 .47 1

c

c

v v
v

e

v

 

 D D  
   

  

  
    

  

Measured Speed was 33 to 34 mi/h 




