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The opinions, findings, and concl usions expressed in this
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The crash investigation process is an inexact science which
requires that physical evidence such as skid marks, vehicul ar
damage neasurenents, and occupant contact points be coupled with
the investigator's expert know edge and experience of vehicle
dynam cs and occupant kinematics in order to determ ne the pre-
crash, crash, and post-crash novenents of involved vehicles and
occupants.

Because each crash is a unique sequence of events, generalized
concl usi ons cannot be made concerning the crashworthi ness
performance of the involved vehicle(s) or their safety systens.



Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient Catalog No.
DS00-017

4. Title and Subtitle 5. Report Date
In-Depth Accident Investigation Sepember 27, 2001

6. Performing Organization Report No.

7. Author(s) 8. Performing Organization Report No.

Dynamic Science, Inc.

9. Performing Organization name and Address 10. Work Unit No. (TRAIS)

Dynamic Science, Inc.

530 College Parkway, Ste. K 11. Contract or Grant no.
Annapolis, MD 21401 DTNHZ22-94-D-27058
L2 Sponsang Agercy Name and Addros 15 Type ot o e orr
U.S. Degpt. of Transportation (NRD-32) (Report Month vear

Nationd Highway Traffic Safety Adminitration
400 7th Street, SW
Washington, DC 20590

14. Sponsoring Agency Code

15. Supplemental Notes

16. Abstract

This case was initiated because the case vehicle was equipped with an advanced air bag protection system. The collision occurred in Oregon in
June 2000 at 1500 hours. At the point of impact the roadway is a two way, five lane, undivided, straight and level asphalt roadway. The posted
speed limit for both directions of travel is 72 km/h (45 mph), and there were no traffic controls present. The weather was clear and the roadway
was dry. There were no obstructions or roadway defects reported. The case vehicle is a fleet (rental) vehicle, a 2000 Ford Taurus SE station
wagon that was driven by a restrained 50-year-old male. The case vehicle was northbound in the second lane from the center line at a police
estimated 72 km/h (45 mph) travel speed. The other vehicle is a 1994 Chevrolet C1500 % ton Super Cab pickup that was driven by a restrained 75-
year-old male. The front right seat was occupied by a restrained female. The Chevrolet was traveling southbound in the far right lane at a police
estimated 72 km/h (45 mph) travel speed.

A non-contact vehicle turned left in front of the case vehicle. The driver of the case vehicle applied the brakes hard and the case vehicle began to
skid sideways. The driver of the case vehicle lost control of the vehicle and crossed four lanes of traffic directly into the path of the Chevrolet. The
front of the case vehicle (12FDEW1) struck the front of Chevrolet in a head-on configuration. On impact, both frontal air bags in the case vehicle
deployed, as did the driver’s seat belt pretensioner. At impact the case vehicle sustained a total delta v of 31.9 km/h (19.8 mph), a longitudinal delta v
of -31.4 km/h (-19.5 mph) and a latitudinal delta v of -5.5 km/h (-3.4 mph). The driver of the case vehicle sustained a contusion to his forehead due to
interaction between his glasses and the deployed air bag, and a contusion to his left shoulder from the seat belt. The case vehicle sustained total
damage to the front end and was declared a total loss by the insurance company. The police report indicated extensive front end damage at over
$1,000.00 to the Chevrolet. Both vehicles were towed from the scene.

17. Key Words 18. Distribution Statement

Air bag, deployment, minor injury, advanced
occupant protection, AOPS

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No of pages 22. Price

Form DOT F1700.7 872 Reproduction of this formand conpl eted page is authorized



Dynamic Science, Inc.
Accident Investigation
Case Number: DS00-017

TABLE OF CONTENTS
Background . ... ... 1
Description . ... 1
Invedigation Type . ... v 1
CrashLocation ........ ... 1
CrashDate ...t e 1
NotificationDate ............ ..., 1
FedWork Completed .............. ... ... ....... 1
UMM . e e 1
Detaled Information . . . ... 5
Vehides. . ... 5
AOPSDISCUSIION .. vit ettt e e 6
OCCUPANTS . . . oot 8
Injuriesand Injury Mechanisms . ... .................. 10
Occupant Kinematics . . ... ..o i 10
Attachment 1. EDRReport . ...t 11



DS00-017

BACKGROUND:

Description: This Advanced Occupant Protection Systems case was generated by
DSl through exigting insurance contacts. NHTSA was notified of the
case on September 20, 2000. DSI was assigned the case on
September 20, 2000 and an on-site investigation was conducted. All
field work was completed on September 22, 2000.

Investigetion Type: On-Scene

Crash Location: Oregon

Crash Date: June, 2000

Notification Date: September 20, 2000

Field Work Completed: September 22, 2000

SUMMARY:

The collison occurred in Oregon in June 2000 at 1500
hours. At the point of impact the roadway is atwo way,
five lane, undivided, straight and level asphalt roadway.
There are two lanes for northbound traffic, two lanes for
southbound traffic and a common left turn lane. The
posted speed limit for both directions of trave is 72
km/h (45 mph), and there were no traffic controls
present. The weather was clear and the roadway was :
dry. There were no obstructions or roadway defects Figure 1. Path of case vehicle, northbound
reported.

Figure 2. Path of case vehicle as it veers to
the left.
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The case vehicleis afleet (rentd) vehicle, a
2000 Ford Taurus SE station wagon that
was driven by arestrained* 50-year-old
male (188 cm/74 in., 91 kg/200 Ibs.). The
case vehicle was northbound in the second
lane from the center line a a police
estimated 72 knmvh (45 mph) travel speed.
The other vehicleisa 1994 Chevrolet
C1500 ¥z ton Super Cab pickup that was
driven by arestrained 75-year-old mae.
The front right seat was occupied by a
restrained female. The Chevrolet was
traveling southbound in the far right lane at a
police estimated 72 km/h (45 mph) travel
Speed.

Figure 3. Right front, case vehicle.

The driver of the case vehicle and awitness stated to the police that a non-contact vehicle turned left in
front of the case vehicle. The driver of the case vehicle applied the brakes hard and the case vehicle
began to skid sideways. The driver of the case vehicle lost control of the vehicle and crossed four lanes
of traffic directly into the path of the Chevrolet. The front of the case vehicle (12FDEW1) struck the
front of Chevrolet in a head-on configuration. On impact, both frontd air bags in the case vehicle
deployed, as did the driver’s seat belt pretensioner. At impact the case vehicle sustained atotal deltav
of 31.9 km/h (19.8 mph), alongitudina deltav of -31.4 km/h (-19.5 mph) and alatitudina deltav of
-5.5 km/h (-3.4 mph) as computed by WinSmasiY. The resultsfit the collison mode, but the resuits

gopear high.

The driver of the case vehicle sustained a contusion to his forehead due to interaction between his
glasses and the deployed air bag, and a contusion to hisleft shoulder from the seet belt.

! The EDR report indicated that the seat belt buckle was “engaged” .

2 Cdculated with WinSmash version 2.06, Missing Vehicle dgorithm using NCAP derived
crush stiffness values.
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The driver of the Chevrolet did not report
any injuries. The front right occupant
sustained contusions across her abdomen
from the seat belt and a fractured right
hand. Thefront right occupant of the
Chevrolet was transported via ambulance
to ahospital where she received medica
treatment and was released four hours
later. She aso underwent 2-plus months of
physical therapy for the hand.

The 2" seat back cushion was deformed
forward. It appears that there was cargo
behind the 2" seat and it moved forward
on impact. It does not appear that this
played any role in the crash.

The case vehicle sugtained tota damage to
the front end and was declared atota loss
by the insurance company. The police
report indicated extensive front end
damage at over $1,000.00 to the
Chevrolet. Both vehicles were towed from
the scene.

Figure 5. Interior, case vehicle.
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DETAILED INFORMATION

Vehicles

Caevehide

Description:

VIN:

Odometer:

Engine

Reported Defects:

Cargo:

Damage Description:

CDC:
DdtaV:

DS00-017

2000 Ford Taurus SE gtation wagon
1FAFPS82XY GXXXXXX

6,949 knvh (4,318 miles)

3.0L, 6 cyl.

None

None found during inspection, however damage to
rear seat was likely as aresult of some cargo
striking the rear of the rear sest.

Moderate frontal crush to bumper, grille, and
hood.

12FDEW1

Totd 31.9 kmv/h (19.8 mph)
Longitudina -31.4 km/h (-19.5 mph)
Latitudinal -5.4 km/h (-3.4 mph)
Energy 32,901 joules

(24,266) ft-Ibs

Figure 7.

Front right, case vehicle.

Figure 8. Right side, case vehicle.
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AOPS Discussion

This vehicle was equipped with an advanced occupant protection system. The system conssts of a
Regtraint Control Module (RCM), dud stage front air bags, seat belt pretensioners, seat track sensors,
and seat belt latch usage detectors. The system is controlled by the RCM. The primary function of the
RCM isto control the deployment of the occupant protection systems. The system records longitudina
and laterd accerleration. Datarelated to the driver and passenger air bag deployment include: 78
milliseconds of crash pulse, deployment strategy of the dud-stage air bag system, seet belt latch use,
pretensioner operation, and driver sest track location.

At impact the case vehicle sustained atotal deltav of 31.9 knvh (19.8 mph), alongitudina ddtav of -
31.4 kmvh (-19.5 mph) and a latitudind ddtav of -5.4 km/h (3.4 mph) as computed by WinSmash.
The downloaded Electronic Data Recorder (EDR) data indicates a cumulative longitudina deltav of -
24.6 km/h (-15.3 mph) and acumulative laterd ddltav of 3.5 knmvh (-2.2 mph) at the 78 ms mark. It
appears that the pulse had peaked and was declining at this point. The EDR report isincluded as an
attachment to this report.

The EDR report further indicates that:

1 Thiswas afirst sage deployment.

2. The driver’s seet was not in the forward position.

3. The left front seet buckle was engaged. The front right front seat buckle was not
engaged.

4, The time from agorithm wake-up to pretensoner was 15 milliseconds. The driver’'s
pretensioner did fire.

5. The time from agorithm wake-up to first stage - belted was 25 milliseconds.

The case vehicle was equipped with frontal air bags mounted in the steering whedl and top mounted in
the instrument pand of the front right seat position. The driver’s air bag had been cut off prior to the
vehicle singpection. The module cover opened in an “H” configuration. There were no indications of
any damage to the covers. The front right occupant’ s fronta air bag had been cut off prior to its
ingpection. The single flgp module did not sustain any damege.

The case vehicle was dso equipped with seat belt pretensioners at the front left and front right seeting
positions. The pretensioner barrels were checked and measured 6 cm (2.4 in.) at the front left seating
position and 11 cm (4.3 in) at the front right seeting position. This indicated that the driver’ssde
pretensioner had deployed and the front right passenger’ s did not.

There was no steering column stroke and the steering column breskaway coupling was intact.



Other vehidle
Destription:

VIN:

Odometer:
Engine

Reported Defects:
Cargo:

Damage Description:

CDC:
DdtaV:

DS00-017

1994 Chevrolet C1500 %2 ton Super Cab pickup
Unknown

Unknown

Unknown

None noted

Unknown

Police estimate damage in excess of $1000. Their
damage diagram shows contact primarily to the left
front. Vehicle was towed from the scene due to
damage.

Unknown

Totd 26.4 km/h (16.4 mph)
Longitudind -26.0 km/h (-16.2 mph)
Latitudina 4.6 km/h (2.9 mph)
Energy 95,871 joules

(70,711 ft-Ibs)



Occupants

Case vehide
Age/Sex:
Seated Position:
Sesat Type:

Heaght:
Weight:
Occupation:

Pre-exigting Medicad Condition:

Alcohal/Drug Involvement:
Driving Experience:

Body Posture:

Hand Position:

Foot Podition:

Redtraint Usage:
Air bag:

Occupant 1
50/Mae
Front left

Cloth covered, bucket seat--
adjusted to rear most track
position

157 cm (741in.)

91 kg (200 Ibs.)

Unknown

None noted

None

> 30 years

Normd, upright

Both on whed. Steering to
the left.

Right foot on brake, left on
floor board.

Lap and shoulder belt used

Driver's geering whed
mounted air bag deployed.

DS00-017



Other vehide
Age/Sex:
Seated Position:
Sesat Type:
Heaght:

Weight:
Occupation:

Pre-existing Medicd Condition:

Alcohaol/Drug Involvement:
Driving Experience:

Body Posture:

Hand Position:

Foot Position:

Redtraint Usage:

75/Mde
Front left
Unknown
Unknown
Unknown
Presumed to be retired
Unknown
None
Unknown
Unknown
Unknown
Unknown

Lap and shoulder belt used,
per police

DS00-017

Unknown age/lFemde
Front right
Unknown
Unknown
Unknown
Unknown
Unknown
None

NA
Unknown
Unknown
Unknown

Lap and shoulder belt used, per
police
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Injuriesand Injury Mechanisms

Case vehicle
INJURY OIC CODE ICD-9 SOURCE
Driver: Contusion, forehead 290402.1,7 920.0 Air bag/
glasses
Contusion, left shoulder 790402.1,2 923.0 Shoulder
harness
Other vehide
INJURY OIC CODE ICD-9 SOURCE
Driver: No reported injuries
Front right Abdomind contusions 590402.1,4 922.2 Sest belt
occupant:
Fracture, right hand 751800.2,1 815.0 Unknown

Occupant Kinematics

The driver of the case vehicle was segted in anormal, upright
fashion. He was wearing glasses at the time of the crash. The
glasses had plagtic lenses and ameta frame. The driver was using
the available lap and shoulder belt. The upper anchorage
adjustment was in the full up postion. The fabric-covered bucket
seat was adjusted to rear most track position. The seat back angle
was dightly reclined rearward. Asthe case vehicle crashed head-
on into the Chevrolet, the driver of the case vehicle responded to
the 10 degrees direction of principd force by moving forward. The
driver’ s side seet belt pretensioner fired and tightened the seat belt. L 38
The driver sustained aminor contusion to his left shoulder fromthe ~ F19ure 9. Displaced plastic knee bolster.
segt belt.  The driver moved forward and contacted the | eft

instrument pand with hisleft leg-the rigid plastic knee bolster cover was displaced. There was no evidence of loading
on the steering column; there was no indications of shear capsule movement. The driver engaged the deployed air bag
with hisface. This caused his glasses to move upward across the middle part of his forehead—causing asmall
contusion.

o i 555

10



Attachment 1. EDR Report

Inve stic-;atiun Data

[Filz Name: D302-01T.nEX File Save Data: 275 ep=2000
File Read-oul Late: MN'A Report Date: AL
Heport Version: 14

EDR Contral Modula Data

[Gat= Validity Check: Valid [EDR Model Version: T4
Time From Side Saf-ing Decision to Laft tEI'i'.r-Jrh Side Eag Daploymant: [rct Can oyed

Tima From Side Sefing Decision to Right (®assenger) Side Bag Deployment:

Mct Coployed

JPassenger Airbag Switch Position During Event:

[N

IDiagnostic Codes Active When Eveni Occurred:

(0

DS00-017

Algcriihm Times Actusl Inklation depends on restrzint system stetus (balow). TS
ime From A'gorithm Wakaup to F-ercrgic-nnr: 15

[Time From A'gorithm Waleup to First Stage - Uabelted: 24

Tima From Algarithm Walkirup to First Stags - Balted: 25

[Tirma From Algorithm Wakeup ta Second Stage: [

Resiraint Sx stern Status

Driver Seat Belt Buckle: Encaq::
assenger seat Belt Buskle: Not Ergaged

Driver Seat Track In Forward Position: No

Passenger Seat Waight Switch Position: MR

Deployment Initiation Attempt Times Driver Fassenger
T From Agorithn Waksup te Prelensicner Ecploynﬂcn: Attenpt: 15 Unbsted
i From Agurithim Wake=up to First Stage Deployment Attempt: 25 29

[Tirrme From Al 1.-|uritl1 m Wakeup to Second Stage Deployrent Attempt: D prusal Dispnse

11
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DS00-017

I'I'I"nEI {ME] 0 10 2 30 £ 30 G 70 78
Jucita-v (MEH) 3 1.7 1.6 ;
= om om gt Dolts o WP & 5
et " Longitudinal Crash Fulse Data
ZFC el Fitared saccoleration (Fass 2)q's
D 2 F 5 1012 19 16 18 20 22 24 39 23 30 3 34 38 I8 10 12 41 4€ 4B 50 b2 b4 bE 38 B0 EX €4 66 BB VD 72 74 TE JE
CI“n.___l_lll | | [ Y [ [ [ [ Y[ Y Y (O
- .
L6 !_F\\. -y
‘____,'/ -
=
H
2100
3
: .
g \
=130
=
£
8
gq_u.lu
-
=220
A
Timez jms|
Lateral Cumulalive Delta-\V
—
Time {ms] [i] 10 A 30 £ =1 [N T 78
Nelta-Y (MFH) E E
m B = Orvdlslive Data Y BPH
s Lateral Crash Pulse Data
R A Filtars ] sccsusion (Pess 2=

4.0

Arralsanam [ AR DaATAY [WFH

0.0

a

3

4 & &

10 1=z 14 16 18 20 22X 24 22

042 44 4543 3032 A S

SE B0 B2 o4 GE GB YO T2 A4 00 T2

TIFmes i)

12



DS00-017

2000 Taurus/Sable EDR Report - Memory Dump

Hexidecimal Module Memory Dump

Address | 00 01 02 03|04 05 08 OF |08 05 O0A OB OC 0D OE OF
LA [} ak A Tk 14 B F¥ FE FE ¥ Lk 24 (113 20 4R 4
0alon ca FF 0o FF 52 &l E2 &0 &an £2 E3 20 ac T4 jal D
Dazo o8 a3 24 a7 EF aF oF OR F&E R B? B4 Al 5B juks AR
Da30 03 aC 1B E oo F ac Els an 03 24 64 &4 an oC oL
Dadn Sh LTS Ed FF FF F EF OF (¥l E7 FF 2 4E 3 25 El
Das0 EC 14 0o oF oL F FF Bga TF F Laln] 44 ae F FF ak
Da&s0 FF FF FF FF FF F FF FF FF F FF FF F F FF FF
DaTo 05 EE E3 96 64 ] BF FF 59 a6 1l il an 02 FF 16
0aan oz FE B 16 FE an Dé FF TF 1z FE gD an FE B FF
Daan a5 FF B ie FF an FF FF an F FF oD F F 0o FF
DaRD 44 O 44 oo an a0 2 o1 ao an FF FF F! F FF FF
DABD 0z FF Bl iB an an Ol FF F! F FF FF 23 a1 D2 oF
Daco FF il 01 4 23 a4 ol 4 23 £l 02 Q& 11 i} FF FE
Dann 01 OB oC Bd 0z 4| le g7 1F B 01 iF:A an ac 01 04
DAED an FO 01 i oo LA ol 54 an F 02 D oz c? 02 BR
DaFD 05 14 o7 og 01 ac 03 Ch 04 CE L 40 73 a3 0o D
Dgan L FF 0o o2 oo 4B ol il an a3 OF FF an 14 0o 78
0810 an R O GE O 18 FF o1 ao an 0 F aF ac oF 2
0g20 03 5 a2 4E 0& 50 o2 02 F. 1E 04 il O 1 02 23
0930 o4 O& 24 a2 16 20 le 1F SF FF FF 02 FF F FF 11
0940 FF FF FF FF F. F FF FF F! F FF FF FF F FF FF
0850 14 ad 15 oo oF an o0 o7 an an 01 oo O ao iz 43
09&a0 o8 oB 0o 1B oF 15 D& oo an an 0 19 27 aC 1% 11
0870 an O & ad A TF B AE aF F 7B & c7 3 F 2
0gan an TE BR 5C 65 EZ2 ¥ 2 70 Eh AB BE& 56 85 AC B
0gan IKli} Cl TE ad 94 Cl1 a7 Bl Ci ca AD BT B& B& Bo ak
DOAD 4E 4o BD 9E 94 A2 BC ag 9E aE 21 9B aF o4 SR an
=] ar g1 55 B7 RS 85 K 91 g8 85 23 BE 32 7 54 70
ETwi] aE [3] oL &7 7B oA Bg BE g1 a4 T4 Bl 7B an JC Bo
OO0 a5 TC 74 B2 749 75 74 7E T az B4 7 an 3 75 7F
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