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TYPES OF ACCELERATION

Ax = Linear Acceleration, Forward-Backward Direction

Ay = Linear Acceleration, Side to Side Direction

Az = Linear Acceleration, Vertical Direction

a x = Rotational Acceleration, About Forward-Backward Direction

a y = Rotational Acceleration, About Side to Side Direction

a z = Rotational Acceleration, About Vertical Direction
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COLLISION SEVERITY

Force V

Change in velocity (ΔV)



COLLISION SEVERITY

F = m •




V (change in velocity)

T (change in time)(Force) (mass)

F V

Defined as:

Change in velocity (ΔV)

LAW OF PHYSICS: Newton's 2nd Law (force = mass * acceleration)



COLLISION SEVERITY

Fpeak = 15,000 lb V = 5.0 mph

Defined as:

Change in velocity (ΔV)

LAW OF PHYSICS: Newton's 2nd Law (force = mass * acceleration)

EXAMPLE: • Weight of the Vehicle = 4,000lb

• Impact Duration = 0.12s

• Change in Velocity = 5mph (7.33 ft/s)

Faverage = 7,500 lb





“The Articulated Total Body (ATB) 

Model is used by the Air Force 

Research Laboratory (AFRL) and 

other organizations, companies 

and educational institutions for 

predicting gross human body 

response in various dynamic 

environments, especially 

automobile crashes

“Report Date: February 1998”

“ATB – V version”





“…Generator of Body Data (GEBOD) Manual of March, 

1994…produces the human…body description data…” 

“data may be computed for … adult human males…” 

“…improvements have been supported by both the 

Armstrong Laboratory and the National Highway Traffic 

Safety Administration.”



WHO IS USING ATB?

• Government

• Major Automotive Industries

• University Professors

• Collision Reconstruction

 Case specific analysis

 Teaching manuals

 Wide application computer software or   accident 

reconstruction only





Pellman, E., D. Viano, A. Tucker, et.al. “Simulation of Large School Bus Crashes.” Society of Automotive Engineers 2000

SAE #2000k-01-0469.





“National Transportation Safety Board (NTSB) (2003).  15-Passenger Van Single-Vehicle Rollover Accidents, Henrietta, Texas, 

May 8, 2001, and Randleman, North Carolina, July 1, 2001.  Retrieved October 15, 2004, 

from http://www.ntsb.gov/publictn/2003/HAR0303.pdf.
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Resultant Linear Acceleration

Resultant Angular Acceleration

ay
2ax

2 az
2a = + +

x
2

y
2

z
2

+ +=   



BRAIN INJURY TOLERANCE 

(Head Angular Acceleration)

National Highway Traffic Safety 

Administration (NHTSA)

1,700 rad/s2













1997 Ford F250 AUTOSTATS



1997 Ford Pickup Mitchell Data



1997 Ford F250



1997 Ford F250



1997 Ford F250



1997 Ford F250



1997 Ford Pickup Repairs



Heinrichs, B., J. Lawrence, B. Allin, J. Bowler, C. Wilkinson, K. Ising and D. King. Low-Speed Impact Testing of Pickup Truck 

Bumpers Society of Automotive Engineers, Inc. 2001.



Heinrichs, B., J. Lawrence, B. Allin, J. Bowler, C. Wilkinson, K. Ising and D. King. Low-Speed Impact Testing of Pickup Truck 

Bumpers Society of Automotive Engineers, Inc. 2001.



1999 Dodge Durango AUTOSTATS



1999 Dodge Durango Mitchell Data



1999 Dodge Durango Repairs



1999 Dodge Durango



1999 Dodge Durango



1999 Dodge Durango



COLLISION SEVERITY

ΔV = 7 – 10 mph
(10.3 – 14.7 ft/s)



COLLISION SEVERITY
Minimum

• Weight of the Vehicle = 5,730lb

• Impact Duration (Δ t) = 0.12s

• Change in Velocity = 7 mph (10.3 ft/s)

Data

Equations

Analysis
Faverage = 15,000lb

Fpeak = 30,000lb

F = m • a



• Weight of the Vehicle = 5,730lb

• Impact Duration (Δ t) = 0.12s

• Change in Velocity = 10 mph (14.7 ft/s)

Data

Equations

Analysis
Faverage = 21,000lb

Fpeak = 42,000lb

F = m • a

COLLISION SEVERITY
Maximum





“The Articulated Total Body (ATB) 

Model is used by the Air Force 

Research Laboratory (AFRL) and 

other organizations, companies 

and educational institutions for 

predicting gross human body 

response in various dynamic 

environments, especially 

automobile crashes

“Report Date: February 1998”

“ATB – V version”



Body Position



Body Position





Case Specific Computer Analysis
(Articulated Total Body – ATB Computer Output)

Brain Injury 

Assessment Parameters Results*

HIC (Based on Head Linear Acceleration) 8.3

Head Linear Acceleration (g) 17.7

Head Angular Velocity (rad/s) 12.1

Head Angular Acceleration (rad/s2) 1,633

* ATB Output



BRAIN INJURY TOLERANCE 

(Head Angular Acceleration)

National Highway Traffic Safety 

Administration (NHTSA)

1,700 rad/s2



Collision



Body Motion – Real Time



Body Motion – Slow Motion



Impact – Real Time



Impact – Slow Motion











Brain Dynamic Testing



Equipment

Skull/Gel Model
• Skull: A20/1

(Anatomical Chart Company; Hagerstown, MD)

• Gel: Sylgard 527 A&B Silicon Dielectric Gel

(Dow Corning Corporation; Midland, MI)

Subject Seat
• 1997 Ford F250

(VIN: 1FT HW26F 8 VE A67707)

Accelerometer
• Type: ICSensors 3028

• Range: +/- 100g

• Serial Number: 0021-029

High Speed Camera
• MotionScope®, Redlake Imaging 

• Model: PCI 2000

• Model Number: 1108-0004

• Serial Number: 98P-0095



Skull: A20/1
(Anatomical Chart Company; Hagerstown, MD)

Equipment



9hr cure 14hr cure

12hr cure

Silicon Gel Properties
Sylgard 5-27 A&B Silicon Dielectric Gel

(Dow Corning Corporation; Midland, MI)

Equipment



Brands, D., P. Bovendeered, G. Peter, et al. “Comparison of the Dynamic Behaviour of Brain Tissue and Two Model Materials”, SAE 

99C21, Society of Automotive Engineers, Inc. 1999.

Properties Comparison 

Silicon Gel & Brain Tissue
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Simulation Experimental
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Test Conditions (per ATB Simulation)



Skull/Gel Model Testing

• Severity of Impact (X = 10.10g, Y = 14.09g, Z = 4.02)

•Tested at Y = 10.55g 

•Position of Head (Yaw 75º, Pitch 7º, Roll 6º) 

Test Conditions (per ATB Simulation) :

Video Parameters:
• Capture rate: 10,000 frames/sec

• Slow motion (1/60th of actual velocity)
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• Slow motion (1/60th of actual velocity)

Transformed MRI Data

Source of Original Data:

• Dr. Orrison, Nevada Imaging Centers 



Skull/Gel Model Testing

• Severity of Impact (X = 10.10g, Y = 14.09g, Z = 4.02)

•Tested at Y = 10.55g

• Position of Head (Yaw 75º, Pitch 7º, Roll 6º) 

Test Conditions (per ATB Simulation) :

Video Parameters:

• Capture rate: 10,000 frames/sec

• Slow motion (1/60th of actual velocity)

Transformed MRI Data

Source of Original Data:

• Dr. Orrison, Nevada Imaging Centers 

Approach

Rebound

Dynamic Pattern at Impact



Limitation of Dr. Ravani’s 

Hand Calculations

• Dr. Ravani uses average not the peak values
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Cipriani, A., F. Bayan, M. Woodhouse, et.al. “Low Speed Collinear Impact Severity: A Comparison between Full Scale Testing

and Analytical Prediction Tools with Restitution Analysis.” Society of Automotive Engineers 2002 SAE #2002-01-0540.



West, D. Low Speed Rear-End Collision Resting Using Human Subjects, Accident Reconstruction Journal, May/June 1993. 

A B

8.3 + 3.42 + 2.822
= 9.4g

9.4

3.1
= 3.0 Multiplier for 

Occupant’s Head



A. Peak Vehicle Acceleration
(using a multiplier of 2)

X 2 = 4.7 to 5.4g

Peak Value
(calculated maximum value)

Average Value
(as used by Dr. Ravani)



B. Peak Occupant Head Linear Acceleration
(using multiplier of 3)

X 2

X 3

14.1 to 16.2g

= 4.7 to 5.4g

Peak Value
(calculated maximum value)

Average Value
(as used by Dr. Ravani)



X 2 = 1,340 – 1,540 rad/s2

Peak Value
(calculated maximum value)

Average Value
(as used by Dr. Ravani)

C. Peak Occupant Head Angular Acceleration
(using multiplier of 2)



Limitation of Dr. Ravani’s 

Computer model

•2 dimensional (2D)

•Validation with only 2 studies

•Not capable of including head rotation around the 

vertical axis (looking to the left)

•Not capable of modeling contact with the headrest

•Not the entire necessary time period was evaluated



Garcia, T., B. Ravani. A Biomechanical Evaluation of Whiplash Using a Multi-Body Dynamic Model Journal of Biomechanical 

Engineering APRIL 2003, Vol. 125, pp254-265.



Garcia, T., B. Ravani. A Biomechanical Evaluation of Whiplash Using a Multi-Body Dynamic Model Journal of Biomechanical 

Engineering APRIL 2003, Vol. 125, pp254-265.



Garcia, T., B. Ravani. A Biomechanical Evaluation of Whiplash Using a Multi-Body Dynamic Model Journal of Biomechanical 

Engineering APRIL 2003, Vol. 125, pp254-265.



•Not the entire necessary time period was evaluated

130 ms 130 ms

Dr. Ravani’s Case Analysis Dr. Ravani’s Publication

200 ms



ATB Issue: Dr. Ravani’s

•In his paper published in 2003 he refers to 

ATB papers that were published between 

1976-1985 (old ATB versions)

•Not aware of studies in the last 20 years



Garcia, T., B. Ravani. A Biomechanical Evaluation of Whiplash Using a Multi-Body Dynamic Model Journal of Biomechanical 

Engineering APRIL 2003, Vol. 125, pp254-265.



Garcia, T., B. Ravani. A Biomechanical Evaluation of Whiplash Using a Multi-Body Dynamic Model Journal of Biomechanical 

Engineering APRIL 2003, Vol. 125, pp254-265.

1976 - 1985



“The Articulated Total Body (ATB) 

Model is used at the Harry G. 

Armstrong Aerospace Medical 

Research Laboratory (AAMRL) to 

study human body biomechanics 

in various dynamic environments, 

especially aircraft ejection with 

windblast exposure.”

“Report Date: January 1988”

“ATB – IV version”



“The Articulated Total Body (ATB) 

Model is used by the Air Force 

Research Laboratory (AFRL) and 

other organizations, companies 

and educational institutions for 

predicting gross human body 

response in various dynamic 

environments, especially 

automobile crashes

“Report Date: February 1998”

“ATB – V version”





Pellman, E., D. Viano, A. Tucker, et.al. “Simulation of Large School Bus Crashes.” Society of Automotive Engineers 2000

SAE #2000k-01-0469.





“National Transportation Safety Board (NTSB) (2003).  15-Passenger Van Single-Vehicle Rollover Accidents, Henrietta, Texas, 

May 8, 2001, and Randleman, North Carolina, July 1, 2001.  Retrieved October 15, 2004, 

from http://www.ntsb.gov/publictn/2003/HAR0303.pdf.


