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Thi s docunent is dissem nated under the sponsorship of the
Departnment of Transportation in the interest of information
exchange. The United States Governnent assumes no responsibility
for the contents or use thereof.

The opinions, findings, and concl usions expressed in this
publication are those of the authors and not necessarily those of
the National Hi ghway Traffic Safety Adm nistration.

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.
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This hybrid vehicle case was generated by DSl through existing

insurance contacts. NHTSA was notified of the case on June 6, 2001.
DSl was assigned the case on June 6, 2001. This case was conducted

BACKGROUND:
Description:
as an on-scene investigation.
Investigetion Type: On-scene
Crash Location: Cdifornia
Crash Date: March, 2001
Notification Date: June 6, 2001
Field Work Completed: June 8, 2001
SUMMARY:

This crash occurred in March, 2001 at 1210
hours. The crash occurred on a six-lane divided
roadway. There are three westbound and three
eastbound travel lanes. Thetravel lanesare
separated by araised concrete median. Thereis
parking on both sides of the street. The speed
limit is 72 kmvh (45 mph). Thereisa5% down
grade for westbound traffic and a 5% up grade for
eastbound traffic.

The case vehicle, a 2001 Toyota Prius four-door
gas/dectric hybrid driven by arestrained 46-year-
old male (180 cr/71 in., 69 kg/152 |bs), was
traveling westbound at a driver reported speed of
56 km/h (35 mph). The front right seet was
occupied by an unrestrained 46-year-old femde
(168 cm/66 in., 57 kg/125 Ibs.).

The firg other vehicle, a 1996 Porsche 911 driven
by a 36-year-old mae, was traveling eastbound,
just coming out of aright hand curve. The second
other vehicle, a 1986 Nissan pickup driven by a
16-year-old mae, was traveling westbound behind
the case vehicle. The front right seat of the Nissan
was occupied by arestrained 18-year-old male.

Figure 1. Struck tree in foreground, final rest for
Porsche in background.

Figure 2. Final rest, case vehicle.
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The third other vehicle, an unknown year Volkswagen Cabriolet driven by an 18-year-old mae, was
aso traveling westbound.  This vehicle wasin the far right hand lane.

The driver of the Porsche logt control of his vehicle after hitting a patch of water in the roadway. The
vehicle veered to the left, over-rode the center median and struck anarrow tree with itsleft Sde. The
Porsche continued on and entered the westbound roadway. The rear of the Porsche struck the left
front of the case vehicle (11FLEE9). The case vehicle sustained alongitudina deltav of -10.9 knvh (-
6.8 mph) and alaterd ddtav of 6.3 kmv/h (3.9 mph)*. The forces were sufficient to deploy both frontal
ar bags and to fire the driver’ s seet belt pretensioner.

The case vehicle was pushed to the right and struck the left side of the Volkswagen (O1FREEG). The
Porsche continued eastbound and contacted the third other vehicle-the V olkswagen Cabriolet.

The Volkswagen was diverted to the right, rotated counterclockwise, and struck a curb with its right
rear tire.

The driver of the case vehicle sustained a neck strain and a contusion to the right knee. Hewas
trangported by ambulance to alocal hospital where he was treated and then released two hours later.
The neck pain continued for severd weeks. The front right occupant sustained a fractured rib on the
left Sde, abrasonsto both hips, a contusion to the right Sde of the head, a contusion to the right ankle,
an aorasion on the left knee, and a contusion on the right knee. She was transported by ambulanceto a
local hospital where he was treated and then released two hours later.

The driver of the Porsche complained of pain to the left Sde of hishead. He was transported to alocal
trauma center.

All four vehicles were towed from the scene.

!Cdculated usng WinSmash version 2.06, stiffness values calculated from NCAP test results.
Results gppear low. Damage was likely altered by the second impact.



Scene Diagram
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Figure 3. Scene diagram
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COLLISION MEASUREMENTS

Reference point: Bresk in median
Referenceline: Median edge
Data Point Distance and Distance and Direction
Direction from RP from RL

ft m |d ft m d
End skid A (Porsche) 56 17 |W 15 4.5 S
Treel 59 179 |W 7.5 2.3 S
Start skid A (Porsche) 74 225 |w 0 0 S
End skid B (Porsche) 84 25.6 |W 15 5.5 S
Tree?2 89 27.1 |W 7.5 2.3 S
Start skid B (Porsche) 120 36.6 |W 0 0 S




DETAILED INFORMATION

Vehicles
Cese vehide
Description:
VIN:
Odometer:

Engine

Reported Defects:
Cargo:
Damage Description:

CDC:

DdtaV (Impact 1):

DS01-012

2001 Toyota Prius four-door hybrid eectric
JT2BK 12U0100XXXXXX
Unknown

Engine 1.5 L 4 cylinder gasoline
Traction battery: Nickd hydride metal

None
None

Moderate crush to left Side beginning at left front
corner and extending to driver’sdoor. Driver's
door jammed shut. Moderate crush to right Side
beginning a front corner and extending ong most
of thefender. Vehicle declared atota loss by
insurance company.

Impact 1 (Porsche): 11FLEE9
Impact 2 (Volkswagen): 0O1FREEG

Tota 12.6 km/h (7.9 mph)
Longitudina -10.9 knvh (-6.8 mph)
Latitudind 6.3 km/h (3.9 mph)
Energy 14,152 joules

(10,438 ft-1bs)

Figure 4. Front left, showing first impact.

iy THL TN

Figure 5. Right side, case vehicle, showing
second impact.
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Prius hybrid-electric system discussion

The Toyota Priusis one of the world's first sandard-production hybrid-eectric vehicles. The name
Priusis Latin for “to go before’. The Prius hybrid powertrain consigts of a 70 horsepower 1.5 litre
four cylinder gasoline-fuded interna combustion engine, a 33 KW (44 horsepower) permanent magnet
electric motor, agenerator, a 274 volt nickel meta-hydride battery, an eectronic controller, and a
‘power Split device which functions as a continuoudy varigble (autometic) transmisson. The Prius
operates on both the engine and dectric motor/battery - one or both of these power sources can drive
the Prius depending on load and road conditions - the eectronic controller makes that decison with no
input from the driver.

System modes

The Prius system works in Sx main modes.

1 When accderating from a stop, the Prius is powered by the battery/electric motor only.

2. As more acceleration is needed, the engine will turn on autometicaly and run by itsdlf or
in conjunction with the eectric motor and the baitery.

3. Under full acceleration, the electric motor is supplemented by power from the battery.
At high speeds the gas engine is the primary source of power. The eectric motor will
assist to varying degrees.

4, When the engine is running it uses a generator to charge the beattery, and when braking,
aregenerative braking system aso charges the battery, so there is never aneed to
recharge the battery separately. When the vehicle is coasting or the brakes are applied,
the motor isturned into a generator, capturing energy that would normaly belost as
heet or kinetic energy and transforming it into eectricity to recharge the batteries.

5. The battery is regulated to maintain a constant charge. When the charge is low, the
electric generator routes power to charge the battery.

6. During coasting or braking, the eectric motor functions as a generator to charge the
battery. When the vehicle is sopped, the gas engine shuts off automatically and the
electric motor stands ready to power up the Prius. This conserves fuel and diminates
exhaugt emissons caused by idling.

Specifications
Standard equipment includes ABS brakes, thermostat-controlled air conditioning, power windows,

door locks and mirrors, an cassette stereo, an elght-year/100,000-mile battery and hybrid-related
component warranty, roads de ass stance and three-year basic maintenance programs.

Prius primary power is provided by an al-aluminum 1.5-liter 4 cylinder gasoline engine with a pesk 70
horsepower a 4,500 rpm and pesk torque of 82 Ib./ft. at 4,200 rpm. Variable vave timing maximizes
efficiency. The 11.9 gdlon gas tank has a plastic bladder which reduces gasoline vapors. The EPA fud
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economy is 52 miles per gdlon for the city and 45 miles per gdlon for the highway.

The eectric drive motor is a permanent-magnet design. It produces its maximum power of 33 kW (44
horsepower) from 1,040-5,600 rpm, and maximum torque of 350 N-m (258 Ib./ft.) from 0-400 rpm.

Prius lightweight battery pack is comprised of 38 sedled Nickel-Meta Hydride modules with anomina
voltage of 274 volts. For matters of safety, it is completely sedled in a carbon composite case and
positioned behind the rear seat within the protective unibody of the car. It isdso asafer dternative to
lead-acid batteries because it is essentidly inert, non-flammable and non-caudtic.

Recdls

Thereisonerecdl in place that might affect this vehicle (NHTSA Campaign ID Number: 00V 285000).
This potentially affects 1,772 vehicles manufactured between May 2000 and July 2000. On certain
passenger vehicles, insufficient electrical contact can occur in the torque sensor that controls the power
assst operation of the electric power steering gear box. The torque sensor could output improper
eectrica sgnds. If this occurs, the power steering warning icon will be digplayed on the center pandl,
and the driver could experience higher than norma steering effort depending upon vehicle speed.




DS01-012

Compliance with Sec.571.305 Standard No.305; Electric-powered vehicles: dectrolyte spillage and
electrical shock protection

The case vehicle was examined to determine
compliance with the 305 standards.

1 There were no indications of
eectrolyte spillage from the
propulsion battery.

2. There was no movement of the
battery module.

3. The eectrica isolation test was
partially conducted. Thereisa
circuit near the power cable that
prevents access to power unless
the ignition switch isin the “ON”
postion and the vehicleis
running. Inthiscase, theinitid
impact had gone through the | eft
hand fuse block and there was
no internd 12v power available.
There was dso no key available.
The net result was that there was
no propulsion battery voltage
externd of the battery system.
There were no indications of any
arcing, fire, or component
meltdown.

An overview of the eectrica
isolation test isincluded as
Attachment 1.

Figure 6. Front side of traction battery

Figure 8. Traction battery voltage



DS01-012

Responding agency training

The responding police agency was contacted. Responding officers had received academy training with
regard to issues related to hazardous materid spillage.

Safety features discussion

The case vehicle was equipped with driver and front right passenger air bags. According to data found
in the NCAP test files, these are not advanced, multistage air bags. The case vehicle was dso
equipped with 3-point seet beltsin dl five seating positions. The drivers belt was equipped with an
emergency locking retractor while the other seat positions are equipped with switchable retractors. The
driver and front passenger seat belts are equipped with pretensioners with force limiters.

In this crash, the driver was wearing the lap and shoulder belt but the front right passenger was not. At
impact, the pretensoner for the driver’ s belt fired. Since the front right passenger was not belted, the
pretensioner on the right sde did not fire.



Other vehicle 1
Description:

VIN:

Odometer:
Engine

Reported Defects:
Cargo:

Damage Description:

CDC:

DdtaV (Impact 2):

DS01-012

1996 Porsche 911
Unknown
Unknown
Unknown

None noted
Unknown

Moderate lateral crush aong entire rear bumper.
Moderate laterd crush to left Sde, primarily the
driver’ sdoor. According to interviewee, vehicle
was declared atotal loss.

Impact 1 (tree): 09LFEN1

Impact 2 (Prius): 07BDEW1
Impact 4 (Nissan): 09LPEW1

Totd 12.5 kmvh (7.8 mph)
Longitudinal 8.9 km/h (5.5 mph)
Latitudinal 8.9 kmvh (5.5 mph)
Energy 19,081 joules

(14,073 ft-Ibs)

Figure 9. Exterior, rear and right side.
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Other vehide 2
Description:

VIN:

Odometer:
Engine

Reported Defects:
Cargo:

Damage Description:

CDC:

DdtaV:

Figure 11. Exterior, right side.
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Unknown year Volkswagen Cabriolet
Unknown

Unknown

Unknown

None noted

Unknown

Light contact damage to left Sde. Right rear whed
pushed inward due to contact with the curb.
Impact 3 (Prius): 07LPEW1

Impact 5 (curb): 02RPWN1

Total Unknown
Longitudind Unknown
Latitudind Unknown
Energy Unknown

Figure 10. Exterior, left side.
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Other vehide 3
Description:

VIN:

Odometer:
Engine

Reported Defects:
Cargo:

Damage Description:

CDC:
DdtaV:
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1986 Nissan pickup
Unknown
Unknown
Unknown

None noted
Unknown

Moderate frontal contact to bumper and grille.

Towed from the scene.

Impact 4 (Porsche): 12FDEW1
Total Unknown
Longitudind Unknown
Latitudind Unknown
Energy Unknown

Figure 12. Exterior, front left.
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Occupants

Ca=vehidle
Age/Sex:
Seated Position:
Seat Type:

Heaght:
Weight:
Occupation:

Pre-existing Medica Condition:

Alcohal/Drug Involvement:
Driving Experience:

Body Posture:
Hand Posdtion:

Foot Pogtion:

Redtraint Usage:

Air bag:

Occupant 1
46/Mde
Front left

Fabric covered bucket sedt,
adjusted to between middle

and rear mogt track position.

180 cm/71in.
69 kg/152 Ibs
Unknown
None noted
None

Unknown, presumed to be
greater than 20 years

Normd, upright

Both on steering whed,
unknown placement

Right on accelerator, left on
floor

Lap and shoulder belt
available, used

Steering whed mounted
driver'sair bag deployed

DS01-012

Occupant 2
46/Femde
Front right

Fabric covered bucket sedt,
adjusted to rear most track

position.

168 cm/66 in.
57 kg/125 Ibs
Unknown
None noted
NA

NA

Normd, upright

Unknown
Unknown
Lap and shoulder bdlt available, not

used

Top mounted front right
passenger’ sar bag deployed

13



Other vehicle (Porsche)
Age/Sex:

Segted Position:

Seat Type:

Height:

Weight:

Occupation:

Pre-existing Medica Condition:

Alcohol/Drug Involvement:
Driving Experience:

Body Posture:

Hand Postion:

Foot Position:

Redtraint Usage:

36/Mde

Front left
Bucket

183 cm (721in)
84 kg (185 Ibs)
Unknown
None noted
None
Unknown
Unknown
Unknown
Unknown

Lap and shoulder belt used,
per police report
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Other vehide (Valkwagen)

Age/Sex:
Segted Position:
Seat Type:
Height:

Weight:
Occupation:

Pre-existing Medica Condition:

Alcohol/Drug Involvement:
Driving Experience:

Body Posture:

Hand Postion:

Foot Position:

Redtraint Usage:

28/Mde

Front left
Unknown

178 cm (70in)
75 kg (165 Ibs)
Unknown
None noted
None
Unknown
Unknown
Unknown
Unknown

Lap and shoulder belt used,
per police report
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Other vehicle (Nissan)
Age/Sex:

Segted Position:

Seat Type:

Height:

Weight:

Occupation:

Pre-existing Medica Condition:

Alcohol/Drug Involvement:
Driving Experience:

Body Posture:

Hand Postion:

Foot Position:

Redtraint Usage:

16/Mde

Front left
Unknown

170 cm (67 in)
64 kg (142 Ibs)
Unknown
None noted
Unknown
Unknown
Unknown
Unknown
Unknown

Lap and shoulder belt used,
per police report

DS01-012
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Injuriesand Injury Mechanisms

Case vehicle (Toyota Prius)
INJURY
Driver: Neck strain

Front right
occupant:

Contusion, right knee

Rib fracture, lower left Sde

Bilaterd hip dorasons

Contusion, right side of head
Contusion, right ankle

Abrasion, left knee

Contusion, right knee

OIC CODE
640278.1,6
890402.1,1

450212.1,2

590202.1,1
590202.1,2

190402.1,1
890402.1,1

890202.1,2

890402.1,1

DS01-012

ICD-9 SOURCE
847.0 Air bag
924.11  Léeft lower
ingrument
pandl
807.01 Unknown
916.0 Center
916.0 console/ right
door
920.0 Sdeglass
924.21  Right door,
near base
916.0 Right lower
ingdrument
pandl
924.11 Right lower
indrument
pandl

17



Other vehicle (Porsche)
INJURY OIC CODE
Driver: Complained of pain to left side
of head
Other vehicle (Nissan)
INJURY OIC CODE
Driver: Complained of pain to back
Other vehicle (Volkswagen)
INJURY OIC CODE
Driver: Complained of pain to head

DS01-012

ICD-9 SOURCE
ICD-9 SOURCE
ICD-9 SOURCE

18



DS01-012

Occupant Kinematics

The 46-year-old made driver of the case vehicle was seated
in the front left position. He was seated in abucket seet ina
normal, upright position. The seat was adjusted to the rear-
mogt track pogition. He was wearing the available Iap and
shoulder belt. Both of his hands were on the steering whedl.
Hisright foot was on the accelerator. The 46-year-old
female occupant was seated in the front right position. She
was seated in abucket seat in anormd, upright position.
The seat was adjusted to between the middle and rear-most
track podition. She was not wearing the available lap and
shoulder belt. The seat belt anchorage was adjusted to the
full up postion.

At the first impact, the restrained driver responded to the 11 o' clock
direction of force by moving forward and to the left. The seet belt
pretensioner fired. The driver engaged the deployed air bag with his
face-causing the neck strain. Hisright knee contacted the lower
ingrument panel—causing asmdl contusion. At the second impact, he
responded to the 1 o' clock direction of force by moving forward and to
the right.

At the firgt impact, the unrestrained front right occupant responded to the
11 o'clock direction of force by moving forward and to the left. Her left
sde contacted the center console, causing the | eft hip abrasion and
possibly the rib fracture on the left Sde. At the second impact, she
responded to the 1 o' clock direction of force by moving forward and to
right. Her right side contacted the door and right side glass, causing the
head contusion and right hip abrasion. As she moved forward, both knees
struck the instrument pand, causing the abrasion to the left knee and the
contusion to the right knee.

Figure 14. Front right passenger seating
area
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Attachment 1. Electrical |solation Test
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Higth-vetege Part end Wihilng
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Hv=10 - g
HYDRID VEHIGLE CONTROL - COMNGERTER AMD INVIATCN ASSCMOCY

REMOVAL .
1.  HEMOVE SEAVICE PLUG (Se page HY-T)

- 2. DRAIN HY COOLANT iSee page HT-8)
ﬂmﬁ"“j“ e 2 REMOVE COWL TOP PANEL (Sae page BO-27)
I O ?.AJ' T M‘:ﬁ:

B A Toinads,

<. VERIFY O V
HOTICE:
=  Eeforz starting s1ep (al, 5 minutss or more showld be
passed after removing the service piug.
= Be careful to pravent forelgn matter from entering the
inside of connector cover.
(2] Disgonnectthz comector of the batiery power casle and
inzLlate § with packaging tape,
() Using 2 1or¢ gocket wrench (T300, remove the 4 screws
and inverber tarminal cover. i
{cy Using & tore socket wrench (T43), remove the 2 screws,
circ. it breaker sensor and CoNNeCor COVEL
HINT: ;
Shdde the sonnectar cover bo disconnest the cirmuit hreaker sen-
SOF &ORNECtar.
il Using a volmeter, measure the voltage beteeen Lesi-
malks 013 phases (U=, VW, U5 and each lerninal and
body ground 1 verify them to be approg. 0V,

5. FEMCVE CONYERTER & INVERTER ASSENMELY

(8] Femove the 6 bolts and 3 power cables for MGZ,
NOTICE:

Be careful 1o pravant foralgn matter feom sntering the In-
gide of connactor cover.

{b) Femovs the 3 belts and power cable for MG,
NOTICE:
«  Ferove the power cable for MG1 together with con-
variar & inverter assembly.
- EBecarefulip preven! foreiga matter from entering the
Inskie of CONNector cover,
{c} Femove the bolt and ground cable.
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