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TYPES OF ACCELERATION

Z

=) Linear Acceleration
rRotational Acceleration

(1 x = Rotational Acceleration, About Forward-Backward Direction
(ly = Rotational Acceleration, About Side to Side Direction
(1 z = Rotational Acceleration, About Vertical Direction
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TYPES OF ACCELERATION

==mp Linear Acceleration ‘e 8p-

rRotational Acceleration

(ly = Rotational Acceleration, About Side to Side Direction
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TYPES OF ACCELERATION
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=) Linear Acceleration
rRotational Acceleration

(1 x = Rotational Acceleration, About Forward-Backward Direction
(ly = Rotational Acceleration, About Side to Side Direction
(1 z = Rotational Acceleration, About Vertical Direction






VEHICLE
DYNAMICS ANALY SIS

HUMAN BODY
DYNAMICS ANALY SIS

HUMAN TOLERANCE
LIMITS ANALY SIS



COLLISION SEVERITY

Force YA\Y,

e




COLLISION SEVERITY

Defined as:

F — m o AV (change in velocity)

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

= VA\Y,

v
\ﬁt
» ® =

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




COLLISION SEVERITY

Defined as:

EXAMPLE: «weight of the Vehicle = 4,0001b
* Impact Duration = 0.12s
* Change in Velocity = 5mph (7.33 ft/s)

= = 7,500 Ib

average

seak = 15,000 Ib AV = 5.0 mph

>
R |
» ® =

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

—



AFRLMHE.WP-TR-1998.0015

UNITED STATES AIR FORCE
RESEARCH LABORATORY

Articulated Total Body Model Version V

User's Manual

Huaining Cheng
Annette L. Rizer

VERIDIAN
5200 Springfield Pike Suite 200
Dayton OH 45431-1289

Louise A. Obergefell

Crow Survivability and Logist UNITED STATES AIR FORCE

A Forea Ressarc Labr RESEARCH LABORATORY

February 1998

Articulated Total Body Model Version V

User’s Manual

Human Effectiveness Directorate

: By Y. Crow Survivability and Logistics Division
Approved for public release; distribution is unfimited. 2610 Seventh Street

Wright-Patterson AFB OH 45433-7801




“Report Date: February 1998”

“The Articulated Total Body (ATB)
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predicting gross human body
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environments, especially
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REPORT DOCUMENTATION PAG

Y T O vore Waal ]4 WEPURY BATE WIPOAT TVPE AMD DATE VAl
" 1ha)
WD SURTITLE 5. FUNDING NUMBLR
[ Dats (QEBOD) Manval

“...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



SAE TECHNICAL
PAPER SERIES 2000-01-0469

Simulations of Large School Bus Crashes

Kristim Bolte, Lawrence Jackson, Barbara Czech and Shane Lack
Maticnal Transportation Safety Board

Aida Barsan
Information Systems and Services, Ing.

Stephen Summers
Mational Highway Traffic Safty Administration

Simulations of Large School Bus Crashes

Kristin Bolte, Lawrence Jackson, Barbara Czech and Shane Lack
Maticnal Transportation Safety Board

Aida Barsan
Information Systems and Services, Inc.

Stephen Summears
Mational Hichws Administration




Time = 0.12 seconds Time = 0.25 seconds

Figure 14. A time history of the unrestrained occupant
Kinematics in the Holmdel, New Jersey
simulation.

Pellman, E., D. Viano, A. Tucker, et.al. “Simulation of Large School Bus Crashes.” Society of Automotive Engineers 2000
SAE #2000k-01-0469.






Time = 0.4 seconds (~40° rotation) Time = 0.8 seconds (~110° rotation)

Figure 6. A series of still images illustrating the occupant kinematics in the lap/shoulder-
belted condition at various stages of the rollover.

“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.



TYPES OF ACCELERATION

Z

=) Linear Acceleration
rRotational Acceleration

(1 x = Rotational Acceleration, About Forward-Backward Direction
(ly = Rotational Acceleration, About Side to Side Direction
(1 z = Rotational Acceleration, About Vertical Direction
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Resultant Angular Acceleration

a = o+ o+ O



BRAIN INJURY TOLERANCE
(Head Angular Acceleration)

1,700 rad/s?

National Highway Traffic Safety
Administration (NHTSA)






Numerical Injury Identifier

impairment scale are being defiberated. Iy anticipatico of thus new scale, the list of ijurics in the AJS has
beca expanded 1o sccomsnodate the addition of an mmpainment severnity code. Even when the AIS code is the
same for 3 mumber of differcet imjuncs 10 a0 organ, the relative mmpairment of these injurics may be quite
different; thus the noced for more defimitive injury dagnoscs.

N seal Injery Identil
AIS 33 jistroduced a unigue 6-digit code flor cach injury diagnosis to assist in competerization of data.

addition of injury descrip m AlS 90, espocally m the bramn and cxtrenuties, has requirad 2 more fiecb
mumencal system than that used in 1985,

In AIS 90, each injury description is assigned 3 enique 6-dight tumerical cods in additicn 10 the AIS seve:
score. As ssmomrized in the diagram below, the first digit identifies the body regice, the second digat ider
fics the type of anatomic structure; the third and fourth digits ademtidy the specific anwomue strecture oz, i ¢
case of mjuries o the ! regicn, the spoafic natars of the mpury, the £7th and sich digies adestify O
level of inury withm 2 specific body region and anatomic structure. The digit to the right of the decimal po
u the AIS score
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Cerebrum NFS {Use if described as "brain" injury
contusion NFS [include pericontusional edema for size]

_

Use this code if (1) DATis described as "white matter shearing™ or (2} ff the specific |
term "diffuse axonal injury” is ascribed by.a physician to the brain injury. If
neither (1) nor(2)is present, use the sections on "Length of Unconsciousness” or

"Loss of Consciousness”to code prolonged LOC. LOC mustbe directly related
to documented head injury.

I"” unless further described as epidural or subdural.

epidural or extradural NFS (include perilesional hematoma for size)
' small (<50cc adult; <25¢c¢ if <10 year old; <icm thick;
smear; tiny; moderate)
bilateral

>50cc adult; >25cc if <10 years old; >1cm thick;
ve; extensive)
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LEVEL OF CONSCIOUSNESS

prior unconsciousness, but length of time NFS
with neurological deficit
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REAR BUMPER i
Procecure Explanations 27 and 28 with the following text

STEP TYPE
STYLESIDE

Rednish Faco Bar
R& Burmper Assy
M Burmper Assry (Inchades RAI)

NOTE: All Parts I this section are included In overhaul unk
otherwise

2%
3 l"‘j‘v‘,‘ s
€ ™

[

wilighining Modal
X AE
Pand to Malch \ AAE
inig Modksl

Crvome
Puint 10 Makh
Pact, Uppor Bumger
Type |
3 Tym2
4 Pad, Lower Bumper
Bracket, License Plate
A, Outer
Snph Aoar Whoots
Dus Roar Whools

7 Amm, Inner
Singho Fear Vihools
Dunl Roar Wheels
STEP TYPE
FLARESIDE
Ralrigh Face Bar
) Valwroe Parwd
OM Bumper Assy (Inchades REJ)

NOTE: All Parts In this section e Included in overhaul unless noted
othverwioe
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DESCRIPTION QTY EXT. PRICE LABOR PAINT

REAR BUMPER
O/H rear bumper w/cushions R
Step bumper w/o Lightning .00 Incl.
chrome
Pad upper . Incl.
Pad lower . Incl.
REAR HITCH OPEN
RT Step bumper mount bracket
inner w/o dual wheels
LT Step bumper mount bracket
inner w/0o dual wheels
9¢ S01 Retainer bolt
10# s02 FINAL BILL AUTHORIZED TO PAY

Subtotals ==>




.°PENDIX A- TEST VEHICLE BUMPER DESCRIPTIONS

APENDIX A - TEST VEHICLE BUMPER DESCRIPTIONS

Each bumper tostec s described befow. All burmper Rz Bumpss
heghls ghven are o the 1op of e sea engaged In te

I Bunpers — —
ment pat numbers | groer for this 1500 yuck 3s s

et Rear Bumper

| A new argent rear bumper assembly which is common to
TEEEE11992 to 1996° F150, F250, F350 and 1997 to 1998

002-04803

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.




Vehicle 1 — 1980 Ford F150 rear bumper tests

Speed
v.in Vout DV e
(km/h) | (km/h)

5.08 -2.09 7.16 0.4]
0.00 7.45 7.45 0.48

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.
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AV =7 —10 mph

(10.3 — 14.7 ft/s)




COLLISION SEVERITY

Minimum

Data « Weight of the Vehicle = 5,730lb

 Impact Duration (At) =0.12s
* Change in Velocity =7 mph (10.3 ft/s)

Equations

F=mea

Analysis

= = 15,000Ib

average



COLLISION SEVERITY

Maximum

Data « Weight of the Vehicle = 5,730lb

 Impact Duration (At) =0.12s
* Change in Velocity = 10 mph (14.7 ft/s)

Equations

F=mea

Analysis

= = 21,000Ib

average
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“Report Date: February 1998”

“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

“ATB — V version”
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[HS-HLDI | Head restraint ratings Page

WCEAT 1A ! atinge 1 News Seleases Publications | Edu

T head restraint
&=

ometry

PASSENGER CARS, PICKUPS, AND UTILITY boail castiaint
VEHICLES geometry

bachset (cm baCkSEt (cm]

{Chocse manufacturer: — |
Head restraint geometry explained
The necessary first attribute of an effective head restrast 5 good

geometry. If & head restramt 150t behind and close to the back of an

occupant's head, it can't prevent & “whplash” imury in & resr-end h h

tofision, Institute ressarchers reguinrly evelusts the geometry of hasd e I g t l E m
restraints i passenger vehicles hased on the height and backsst
relatve to an average-stze mate, A restrient ahouid be at least as high
as the head's center of gravity, or about 9 centinstars (3.5 inches)
below the top. The backset, o distiance bafund the head, should be as
small as possible. Backsets of mare than 10 cantimeters (about 4
inches) have bHoen sssotisted with Incraased syr ook of neck njury
In Crasthes

stance from
wap of head |

Ingtituto ratngs are good predictors of how welt people will be

prutected in rear-ene cashes drivers with restraints rated good are

jess Nikely than those with poor restraints o daim neck ingaries. Head

restraint ratings for hundreds of passanger vehicies sre fistad by

vehicie make and series. Vanous head/seat combonstionn ace rated accegtobln margmal
(oot every avalaty ot opbion in every seriss has Deen medsured)

The restraints sre messured with the angln of the torso at about 25

degrees, & typical seathock angle. Each restraent 5 claisifiod acoording

0 Its height and backsst intp one of four Qeometric 20085 good, acceptable, marginal, or poor

How they are rated

Since 1995, the Institute has been publshing model-by -modes ratings of hesd restraint geametry, Dased on 3
procedure for taling geometnc measurements, The rating for & fixed head restraint i straightforward - the zane
ingo which its height and backset place it also defines #is rating, The rating for & he OSLrRING LAt BOJustE in Pl
and/or backset depends on whether & locks in the adjusted postion, If & doesn™ gk, its rating = defined by s
hesght and backset in the down and/or rear posttion. If & does lock, height aad Dackaet are measured twice iny
down pasition, and & the most favorable adjusted and locked position, The final rating & the better of the two,
exoept that f the rating as adjusted s used, It's downgraded one categery because 50 few mOtarists adjust thes

restraints. Many vehicle models have more then one seat option -« If seat differences affect the haad restraint rat) d l S ta n CB fr D m b a c— ks B tv { c I ‘ ' l
more than one rating = shown, This procedune I8 used to rate the head restrants in 1599599 modeis
top of head (cm) 7911

A modification of the above procecure has become #n international standerd evalable from the Research Council

Automobile Repairs (RCAR ). Ratings for fixed head restrants and adpostable restranty thet dont K I8 unchangd
undar the imernationat ACAR protocol, For adpustable restraints thit lock in position when adjusted, the rating is

based on the midpoint of the best (highest and closest) and worst {lowest and farthest) positions in relation to an|
aversge-size male. Active head restraints that move g0 position On Impect are rated good. The Institute rates hd
restraints in 2000 and ister modefs according to the RCAR procedure

2001, maurance Instiute tor Hghway Safety, Highway Loss Datay Hwitute
Last modifed. 23.Jan 2002

acceptable margmnal

http://www. hwysafety org/vehicle_ratings’head _restraints’head htm




Case Specific Computer Analysis

* ATB Output

(Articulated Total Body — ATB Computer Output)

Brain Injury
Assessment Parameters Results*

B HIC (Based on Head Linear Acceleration) 8.3

B Head Linear Acceleration (g) 17.7

M Head Angular Velocity (rad/s) 12.1

Head Angular Acceleration (rad/s?)




BRAIN INJURY TOLERANCE
(Head Angular Acceleration)

1,700 rad/s?

National Highway Traffic Safety
Administration (NHTSA)



Collision




Body Motion — Real Time




Body Motion — Slow Motion




Impact — Real Time

Internal Impact of Brain




Impact — Slow Motion

Internal Impact of Brain







Cavitation
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Brain Dynamic Testing



Equipment

» MotionScope®, Redlake Imaging
* Model: PCI 2000

* Model Number: 1108-0004

* Serial Number: 98P-0095

* Type: ICSensors 3028
» Range: +/- 100g
* Serial Number: 0021-029

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

* Gel: Sylgard 527 A&B Silicon Dielectric Gel
(Dow Corning Corporation; Midland, MI)

» 1997 Ford F250
(VIN: 1FT HW26F 8 VE A67707)




Equipment Skull: A20/1

(Anatomical Chart Company; Hagerstown, MD)
v




Equipment

Silicon Gel Properties

Sylgard 5-27 A&B Silicon Dielectric Gel
(Dow Corning Corporation; Midland, MI)
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MCODEL MATERIALS

The applicablity of the modal maledals In a medanical
hexd meded |3 predominantly debermined by the
mimicking qualties of the model materhls, bt also by
Ihar sxpedments mansgeablily. The laller Includes
Techors such & =ging, Empsralors sendihily and sene
of proparation, whih are mporkt Inoow day

prdics.  Both  consderaonz  wil be
[LL-T15

For tha Sylgard 527 ARE slkone gl a frequency rangs
up to 280 Hz could b obRned by applyng TTS I the
chasen lemperiure range of 25 o -530°C. It s balewed

that the Trequercy range can be sxpanded o higher

Brands, D., P. Bovendeered, G. Peter, et al.

froquencies, wihoul any probikm
bemperatures below -507C. Qur e
with the firedngs of Amcgast of al.

the dynamic shear modulus of the

bessting thel high frequency shear

thcy did nol raport the prass angka|
companed wih our data,

Tha dynamk: modukes of slicone g9
Hssue narange up o 10 Hz Forh
bo 280 Hz, the slkone gel bsoom
Hezug. Thus, when applied In 3 hy
tha sllcone gel are capectad 1o
brailn Heus, Tor thces requendes
Tracquency sirains wil ba damped =iy
gsl than In brln teos, sirce th
hencs the ks modube, of the gl
bran tesus.

Tha cspementsl manageablly of

b be good. The affect of matoral
rapaating @ Inequency swesp beal,

aer the makrkal ksd toon In the

Ihress days al 25°C. The dynamic

Inaexze of approdmakely 100

requency range. Tha phaso angk|
of 25 degrees. Repeating the capd
thiz, dd not reveal addtonal diffe red
It b oo ded that thie Influa e
low.

Tha dyramic modius of the geiaii
decydes higher than the moduu
Feclor of 50 Tor the 4% galatin oo
2000 Tar the 20% solulionl Tha B
almoet zerc (0-27). Bolh quanikiesy
frequerecy. This Indicaies thal, «
range ledted (01-18 Hz), the o4
risanty perkct bl solld that b i
brain Hesug. In theory, the shifncss
lowered by using lower percentage
mbdura. Howsver, In prctice |
becauzs of the high damage samel
causing ko break up al wery low
e makerid beherour of the g kl|
o agng [paramelers change
praparaiion]) ard mscherical fallurs.|
an bs concluded thal gelatin Iz no
materal for bran Hesus.

ACCURACY AMALYSIS

The accurscy of the messurement
scoracy with which the shear ca
cadlaling plats, and the meanring
on the fed plals. The rektion o
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Properties Comparison
Silicon Gel & Brain Tissue
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Test Conditions (per ATB Simulation)

A. SEVERITY OF IMPACT

Simulation 14.099 SAER B 10.55g

POINT TOTAL ACCE ON (G'S)

B. POSITION OF HEAD

Simulation 750 Experimental 750

75°§ o
SE REL. ANGULAR DISPLACEMENT (DEG) é




Skull/Gel Model Testing

« Severity of Impact (X =10.10g, Y = 14.09g, Z = 4.02)
«Tested at Y = 10.55¢
Position of Head (YYaw 75°, Pitch 7°, Roll 6°)

 Capture rate: 10,000 frames/sec
« Slow motion (1/60th of actual velocity)

Right
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Skull/Gel Model Testing

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

*Tested at Y = 10.55¢g
» Position of Head (Yaw 75°, Pitch 7°, Roll 6°)

« Capture rate: 10,000 frames/sec
« Slow motion (1/60th of actual velocity)

Right

Transformed MRI Data

* Dr. Orrison, Nevada Imaging Centers
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Skull/Gel Model Testing

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

*Tested at Y = 10.55¢g
» Position of Head (Yaw 75°, Pitch 7°, Roll 6°)

» Capture rate: 10,000 frames/sec
» Slow motion (1/60th of actual velocity)

Right

= == Approach
=mmm Rebound

I eft

Transformed MRI Data

* Dr. Orrison, Nevada Imaging Centers
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Limitation of Dr. Ravani’s
Hand Calculations

 Dr. Ravani uses average not the peak values



Average VS. Peak

B Gl [Peak (Maximum)]

Average
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The peak acceleration is twice the average

acceleration.

SAE TECHNICAL i el
PAPER SERIES 2002-01-0540 iy

Low Speed Collinear Impact Severity: A
Comparison between Full Scale Testing
and Analytical Prediction Tools with
Restitution Analysis

A. L. Cipriani, F. P. Bayan, M. L. Wecdhouse, A. D. Cometto, A. P. Dalton,

C. B. Tanner and T. A. Timbario
FTI Hirg

Reprintad Fram:

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.



Strikirg Vehicle § Vehicle Isolator

Speex Peak Displacement Compression
Acceleration

Left Right

(8 (mm) (mm)

0.9 13 13
0.9
1.0
15
1.5

1.7
19
24
3.0

2.8
29

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



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

= 4.7 10 5.49

HIC
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AveragVaIue Peak Value

(as used by Dr. Ravani) (calculated maximum value)




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

= 4.7 t0 5.49

77
4,
— Neoc

AveragVaIue Peak Value

(as used by Dr. Ravani) (calculated maximum value)



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

X2=1,340-1,540rad/s?

Average Value | Peak Value

(as used by Dr. Ravani) (calculated maximum value)



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



Methods

The multi-body model developed is a four-segment model and
consists of three rigid rods connected by four revolute/pin pivots
and connected to the head at its center of mass (as shown in Fig.
1). The model combines the body and spine into segments, which
are connected with rotational springs and dampers at each pivot.

The model is constrained to 2-D motion in the sagittal plane.

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.



Results

a Comparison to Other Experimental Data. It has been
concluded in recent studies that whiplash injuries/symptoms can
occur in the initial extension motion of the head (before the head
contacts the headrest) approximately when the cervical spine takes
on an S-shape formation [3,4,6,9,10,12]. Because of this the
model simulations were run until the time when the head would
contact the headrest, This was determined from the kinematics

and a 15° seatback angle.

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.




Conclusions

The first objective of this study was to achieve a design of a
relatively simple and efficient multi-body linkage model that can
be used to simulate the biomechanics of whiplash. It is shown that
a two dimensional four segment model in the sagittal plane can
capture the peak loads as well as the kinematics of the cervical
spine observed in experimental studies. Data from two experimen-
tal human studies are used to validate the model. Simulation runs
with the model are shown to produce peak accelerations and
forces as well as the kinematics that agree with other existing
experimental data. Much of the data from the model was seen to
lie in between experimental data from human volunteers and ca-
davers. This is implies that the model best simulates the dynamics
of an unaware human subjected to rear-end impact. Therefore the
first objective is met.

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.




Dr. Ravani’s Case AnaIyS|s Dr. Ravani’s Publication
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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



A Biomechanical Evaluation ol
. Whigtash Using a Multi-Body
e | Dynamic Model

There have also been detailed multi-body dynamic models of

the head/cerviealspine for simulating pilot ejections (see, for ex-
'w These models however have only been used

to simulate on and lateral bending of the neck and have not
been used or validated for extension motion of the head/neck ob-
served in rear end collisions.

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.
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“Report Date: January 1988

“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.”

“ATB — IV version”




“Report Date: February 1998”

“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

“ATB — V version”
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Simulations of Large School Bus Crashes

Kristim Bolte, Lawrence Jackson, Barbara Czech and Shane Lack
Maticnal Transportation Safety Board

Aida Barsan
Information Systems and Services, Ing.

Stephen Summers
Mational Highway Traffic Safty Administration

Simulations of Large School Bus Crashes

Kristin Bolte, Lawrence Jackson, Barbara Czech and Shane Lack
Maticnal Transportation Safety Board

Aida Barsan
Information Systems and Services, Inc.

Stephen Summears
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Time = 0.12 seconds Time = 0.25 seconds

Figure 14. A time history of the unrestrained occupant
Kinematics in the Holmdel, New Jersey
simulation.

Pellman, E., D. Viano, A. Tucker, et.al. “Simulation of Large School Bus Crashes.” Society of Automotive Engineers 2000
SAE #2000k-01-0469.






Time = 0.4 seconds (~40° rotation) Time = 0.8 seconds (~110° rotation)

Figure 6. A series of still images illustrating the occupant kinematics in the lap/shoulder-
belted condition at various stages of the rollover.

“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.



