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ABSTRACT

This paper summarizes a future Sde impact test prooedure
besad on the Jgpanese presentation & the recant IHRA Sde
Impact WG medting. Under current Jpanese regulations, the
MDB spedificaions and tes procedures were determined besed
on amarket sudy more than ten years ago. Thus, they may not
reflect current austomobile charadteridics the actud accident
Stuation, and crash test results Inthis sudy (1) the vehicletypes,
velocity of driking and druck vehides body injury regions,
causss of injuries, ec. are reviewed with reference to the latest
Jepanese Side impact accidant deta. The ocoupant percentagesfor
the non Sruck-dde, rear seet and for femde oocupants as well as
the injury levds were andyzed. (2) To determine the MDB
sadifications, besad on data from pessnger car modds
regigered in 1998, the curb mess geomery and diffness were
examined. (3) For fadorid andyds dde impadt teds were
peformed asfor red accidents. ssues for future side impect test
procedures include protection of the non struck-side and reer seet
occupants, the femde occupants and the compaison of the
dummy injury severity with or without crabbed angle, dong with
comperison betwean EuroSID-1 responses and ES-2 protatype
reponss We have conducted full-scdle tedts in these aress.
Basad on these resuits, we present the Jgpanese view regarding
future Sdeimpact test procedures.

INTRODUCTION

Currently, the Internetiona Harmonized Reseerch Adtivities
(IHRA) sde impect working group (SWG) is discussng an
intenetiondly hamonized dde impadt tet  procedure(9)
incorporating the latest informetion on side impact accidents and
the gatus quo of the automobile market. Their Sudy edtivitiesare
ongoing both from short-term and long-term viewpoints. Further,
sdeimpact dummiesto be used for an internetiondlly harmonized
Sdeimpact tes procedure are being developed by the World-SID
tek goup under ISOTC22/SCI2WG5, which is caled
World-9D. InEurope, dmiler efforts are being madeto develop

the ES2 Pratatype, an improved version of the current dumny
EUROSD-1, asan interim harmonized Sdeimpact dummy.

Under these circumgtances, Jgpan condiders the adtivities of
theI[HRA-SWG asriticdly importart reseerch by teking it "asa
sudy for supporting the development of afuture Side impact test
procedure to fulfill international harmonizetion." Jgpan has been
adtively carrying out reseerch to make contributionsto thisproject.
This report contains a summary of the results of the adtivities
conducted by Jgpan o far, namdy (1) andysis of Sde impact
acddents (2) invedigation of the front-end geomery ad
front-end giffness of Japenese car modds, and (3) results of Sde
impact full-scaetests using compact passenger cars

STUDY ON SDE IMPACT ACCIDENTSIN JAPAN

Andysis of sde impect accidents in Japan was conducted
basad on the Nationd Police Agency Tratfic Accident Satistics
(hereinefter the "Sdidtics’) in 1997, which cover dl traffic
accidents that involved a minimum of one injured person.
Acoording to the Statitics, the number of treffic accidentsin 1997
was 780,399 with 958,925 injuries and 9,640 fadities. In the
Sdtidics, pessnge injuries are categorized into four types
fatdities (persons who died within 24 hours of the accident),
sgrious injury (requiring medical trestment for 30 days or more),
dight injury (requiring medicd trestment for less than 30 days),
and no injury. In cases incurring no injury, only driver-rdaed
data are reported. No pedific data are provided as to the Stting
locetion (right, center, or left) of the reer st passengers & the
time of an accident

General Sdelmpact Accidents

Sdeimpact accidents were extracted from the Satidticd data
in 1997. Only detaon front seet passangers whose sitting location
was identified were used. Acoording to the results of daa
extraction, there were 63,658 vehidetovehide sde impat
accidents and 1,815 snge vehide sde impact accidents. The
types of vehides involved in vehidetovehide sde impact
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accidents and single vehicle Sde impact accidents are shown in
Faure 1, while the types of druck objects involved in sngle
vehidesdeimpact acdidentsare shownin Hgure 2.
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Figurel. Typesdf vehidesinvdved in vehidetovehide dde
impact acddentsand Snglevehidesdeimpact accdents
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Figure2. Typesaf Sruck objectsinvolved in Snglevehide
ddeimpact acddents

Passenger carsaccount for the grestest percentage of vehides
involved in vehideto-vehide Sde impects acoounting for about
57% of dl griking and gruck vehides. Asfor sngle vehide sde
impact accidents, passenger cars accourt for about 64% of dl
vehidesinvolved. Asfor gruck ohjectsinvolved insnglevehide
dde impact accidents, poletype srudtures, such as tdephone
poles or traffic Sgn poles, account for about 30%. Consdering
these reauits the fallowing andlysis was conducted only for

passenger car Sdeimpact accidents

Passenger Car-to-Passenger Car Sdel mpact Accidents

Injuriesby Struck-sdeor Non-gtruck Sde- FHgure3
shows the number of injuries for bath the struck-side and non
druck-gde passengers in passnger car-to-passenger car Sde
impect accidents by inury severity. The “Sight +” shown in
Fgure 3 means the sum of dight injuries, srious injuries and
fatdities, while “ Serious + meens serious injuries and fatdities
As the sveity of inury worsns the rae of druck-dde
passengersand the rate of unbelted passengerstend toincresse.
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Figure3. Number of injuriesin passenger car-to-passenger
car sdeimpact accidents

Vdodty Didribution - Veocity didribution by injury
Sverity for pessengers was dudied, and the resuits shown in
Foure4 and FHgure5.
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Figure4. Vedodity digribution in passenger car-to-passanger
car ddeimpact accidents by sruck-dde occupant injuries
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Figure5. Vedodty digributionin passenger car-to-passnger
car Sdeimpact accidents by non struck-side occupant
injuries

The definition of the term "velocity” is taken from the
"danger recognition gpesd’ (the travel gpeed before a driver
percaives a danger and takes avoidance procedures), which was
defined by the Stidics. Asagenerd tendency, theveodity curve
of a druck vehide shows a smdl vaiation depending on the
sveity of passenger injuries whilethet of driking carstends to
be didributed more in a higher velocity range as the severity of
druck vehide pessnger injuies intendfies The veodity
correponding to the 50 percentile of sruck-side passengers who
auffered sarious injuries and fatdities is 20 to 30 kimvh for struck
vehidesand 40to 50 kmvh for gtriking vehidles

Injured Body Region and Contact Parts - The injured
body regions and contact pats for “Sarious +' injuries in
passenger car-to-passenger car Sdeimpact accidentsare shawnin
Hgure 6 and FHgure 7, respectively. There is ardaively Smiler
tendency for injured body regions for bath gruck-sde and non
sruck-9de pessengersin generd. Injured body regionsarewiddy
digributed, or over the heed, neck, thorax, and pdvis for
“Serioust”. For druck-sde “Saioust” injuries, “door and
window” isthe most frequent contact part. Regarding the contact
pats for non sruck-sde “Saioust’ pessangas the raes of
gearingwhed, windshidd, and other sructuresin thefront part of
thecar interior are higher than thasefor struck-sde passengers.
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Figure 6. Injured body regions for “Serious +” injuriesin
passenger car-to-pasenger car Sdeimpact accidents
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Figure7. Contact partsfor “ Serious+” injuriesin passenger
car-to-passenger car Sdeimpact accidents.

SnglePassenger Car Sdelmpact Acddents
Injuries by Sruck-9de or Non sruck-dde - The number

of druck-gde and nongruck-9de passengers injured in single
passenger car Sdeimpeact accidentsisshownin FHgure 8.
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Figure8. Number of passenger sinjured in single passenger
car ddeimpact accdentsdassified by useor non-usecof bdts

As the severity of injury worsns, the rate of sruck-9de
passengersand nonHbdt userstendsto increese, whichissmiler to
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the case of passenger car-to-passenger car Sde impact accidents.
What is charadteridic of Sngle pessenger car Sde impect
accidents is an extremdy high rate of unbelted pessengersin the
injured.

Injured Body Region and Contact Parts - Hgure 9 and
FHgure 10 show the injured body regions and contact parts for
“Saious+” injuries involved in Single passenger car Side impact
accidents

The generd indlination for sruck-side passengers is Smilar
to thet of non-gruck-Sde passengers. The mogt frequert injured
body region is the head regardiess of the use or nonuse of
stbdts However, injured body regions dso tend to be
digtributed widdly over various body parts. Regarding the contact
pats for druck-9de pessengers the “door-window” is mogt
frequent, but dso widdy didributed among ather parts. For non
gruck-gde passengers the contact partsshow awider didribution
then for Sruck-gde passengers.
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Figure 9. Injured body regions for “Serious +" injuriesin
dnglepasenger car Sdeimpact acddents
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Figure 10. Contact partsfor “Serious +” injuriesin snge
passenger car Sdeimpact accddents

Additional Analyssfor Sdelmpact Accidents

Injuriesby Gender - Injuriesin Sdeimpact accidentswere
andyzed by gender basad on the thres-year data.on passenger car
-to-pessenger car Sde impact accidents from 1996 to 1998 inthe
Satidics, and theresuits are shown in Figure 11. Asfor “ Serious
+’ inuries mae passengars were dightly more injured then
femde pessengars for both druck-9de and non gruck-9de
pessengers.

Serious+ Injuries in 1996-1998

Struck-side 1358 1276
Non Struck-side 891 674
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Figure11. Injuriesby gender in 9deimpact accidents

Injuries by Sesting Location - Seding locations of
passengersinvolved in Sdeimpect accidents were andyzed bassd
on the eght-yeer deta in the Satidtics from 1990 to 1997. Asthe
results in Fgure 12 indicate, 85% of the fatdities and 88% of the
injuries oocur to front seat passengers, while the ratio of rear seat

pasengersisvery amdl.

Fatalities in 1990-1997 (n=8,384) Injuries in 1990-1997 (n=540,714)

Rear Rear
Passengers Others
14.0% 0.4%

Drivers Passengers Drivers

71.0%

Others
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Front
Passenger
23.2%

Figure 12.
accidents.

Injuries by seating locations in Sde impact

Summary of Sdelmpact Accident Sudy

The following information was obtained from our Sde

impact accident study.

e Pasenga cars ae the type of vehide mog frequently
involved in Sdeimpect accidents.

e The pole-shgped sructures acoount for about 30% of struck
objectsin sngle vehicle Sdeimpact accidents

e A tendency common to bath passenger car-to-passenger car
dde impacts and Single pessenger car Sde impadtsisthet as
inuy sveity incressss the proportion of sruck-dde
passengersand unbeted passengers becomeshigher .

e In passenge car-topassenger car Side impect acdidents the
veodity corresponding to the 50 percertile of Sruck-dde
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“Seious+’ injuriesis 20 to 30 km/h for Sruck vehides and
40to 50 krmvh for dtriking vehides

*  Head, neck and thorax are the mogt injured body regions,
and “door - window” is the most frequent contact part in
passenger car-to-passenger car Sdeimpact accidents.

* In dnge pesenger ca Sde impadt accidents many
occupants sudained heed injuries There were many casesin
which the “door - window” was the contact part, athough
various other contact partswereinvolved.

»  Made pasengars were dightly more injured then femde
pasengersin“ Sarious+” injuriesin Sdeimpact accidents

*  Font st passengars aooount for 85% of the fatdities and
88% of theinjuriesin Sdeimpact accidents.

INVESTIGATION ON VEHICLE FRONT-END
CHARACTERISTICS

IHRA SWG plansto adopt goecificationsfor MDB and its
barier facg which will be used as ‘driking vehides in the
MDB-o-car tes procedure, considering the gaus quo of the
recent merket conditionsin various countries of theworld. Based
on these condiitions, we investigated 1) vehidle mass, 2) front-end
geometry, and 3) front-end diffness of vehicles nemy regigtered
in 1998 in Jgpan and the number of each car modd sold annudly.
We sslected three types of vehidles passenger car, mini van and
UV, taking into account the resuits of the side impect accident
andysis discussed above Table 1 shows the effective number of
carsinvegtigated by study item and vehide type.

Tablel.
Effectivenumber of carsinvestigated
Passenger | i van suv Total
Car
\Vehicle Mass 2,391,569 1,297,705 337,196 4,026,470
(59.4%) (32.2%) (8.4%) (100.0%)
Front-end 2,391,569 1,297,705 337,196 4,026,470
Geometry (59.4%) (32.2%) (8.4%) (100.0%)
Front-end 2,027,119 760,565 269,665 3,057,349
Stiffness (66.3%) (24.9%) (8.8%) (100.0%)
VehideMass

Foure 13 shows the cumulative percantage of vehide curb
mass. The curb mass carregponding to the 50 percertile of the
cumulaive perocentage was 1,150 kg, as shown in Fgure 14. It
was an increage of 70 kg from our previous sudy result of 1,080
kg for 1993 car modds Mgor causss of this increese are that
vehides tend to become larger in Sze as well as heavier to
incorporate improved sefety countermessures, and that sdles of
heavier vehides such as mini vans and SUVS have ben
growing recartly. In order to determine the mass of MDB, it wias

necessary to add the mass of passengersto the vehide mess with
due condderdion as to wheae passangas adudly seded
themsdves
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Figure13. Cumulative percentage of vehidemass
Front-end Geometry

For the front-end geomery, dimensons of a vehide
front-end gructural component were meesured. The results were
weighted by the number of eech car modd sold to obtain the
“weighted average” FHgure 14 shows the meearing points and
the weighted average for eech dimension, while the front-end
gructurd component height digtribution with the vehidle curb
massasaparamneter isshownin Hg.15.
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Measurement Point (mm)
1 |[Overall Width 1652
2 |Tread 1428
3 |Front Shock Absorber Fixing Width 1007
4 [Longitudinal Member Width(Inner Surface) 982
5 |Longitudinal Member Width(Outer Surface) 853
6 |Front Shock Absorber Fixing Height 788
7 |Engine Top Height 735
8 |Bonnet Front-end Height 736
9 [Longitudinal Member Top Height 504
10 [Longitudinal Member Bottom Height 376
11 |Engine Bottom Height 267
12 |Front Shock Absorber Fixing from Vehicle Front-end 804
13 [Bonnet Front-end from Vehicle Front-end 99
14 |Longitudinal Member Front-end from Vehicle Front-end 138

Figure 14. Measuring points and weghted averagefar each
dimension.
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Figure15. Didribution of vehidefront-end gructural
component height.

Acoording to the cdculation reauilts, the weighted average of
the front shock abosorber fixing height is 788 mm, dightly lower
then 800 mm (i.e, the top of the Jgpanese and Eurapean barrier
faoe). On the ather hand, the weighted average of the longitudinel
member battom height is 376 mm, higher than 300 mm, the
bottom of the barrier face.

Front-end Stiffness

Front-end diffness was gudied in 86 car modds for which
the barrier force was mesaured in fronta impact tests Of the
force-deformetion charadterigtics reveded from the udy, the
force vaues for deformetion & every 50 mm were summed up.
The forces were adjuded in teem of surfece aea rdio to a
sx-block drudture of a barier face used in the Japenee ad

Fgure 16 shows the front-end diffness and the corridor
specified for the Jgpanese and Europeen current barrier face
Thereisagenerd tendency for the diffness of the vehide upper
pat to dmogt correspond to the corridor. However, the vehide
lower pat is different from the carridor whereby the Siffness of
theleft andright partsishigher and thet of the centrd part islower.
Thetatd vehide siffness values tumed out to be higher then the
upper limit of thecarridor. It issupposed thet thistendency reflects
well the resuits of the incorporation of the offset frontd impect
countermeaauresinto vehicles,

Summary of VehideFront-end Char acteridicsI nvegtigation

The fallowing informetion was ootained from investigetion
of the vehidefront-end cheracteridtics

e Vehide curb mass that corregponds to the 50 percartile of
the cumulative peroentage is 1,150 kg, anincresse of 70 kg
fromthe 1993 car modd studly result.

*  Front shock abosorber fixing height is dightly lower then the
top of the curent barier face, and the heigt of the
longitudind member battom edge is dightly higher then the
bottom of the current barrier face

e Uppe pat of the vehide dmost corresponds to the corridor
of the current barrier face. Asfor diffness of the lower part,
the diffness of the right and left part is higher while thet of
the centrd pat is lower. It is presumed that the effect of
incorporation of offset frontd impect countermesaLrres into

Europeen dde impact test procedures To dbtain the weighted recent vehidesreflected thistendency.
average, the force vaues were weighted by the number of cars
0ldin1997.
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Figure16. Vehidefront-end giffness (weighted averagebased on 1998 car madds)
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FULL-SCALE SDEIMPACT TEST

We conducted 11 full-scale Sde impect tests using two types
of Jpanese compact pessanger cars. The purpose of these tets
was to obtain besc dda to review the test conditions of the
proposed internaiondly harmonized MDB-to-car test discussed
by IHRA SWG. Mgor dudy items indlude: 1) comparison
betwean druck-gde dummy responses and  nonrdruck-side
dummy reponsss 2) comparison between front dummy
regponses and rear dummy responsss, 3) areview of the impacts
of acrab angle on dummy responses and 4) comperison between
EUROSID-1 responses and ES-2 protatype reponses. The tets
were conducted under the fallowing two conditions: those for the
Side impedt tes procedure ECE R95 currently adopted by Jgpen
and Europe and those basad on the US Side impect test procedure
FMVS3214. The ddails of the tes conditions and the pesk
responses of thedummiesareshownin Teble 2.

Discussion of Full-scale Sdelmpact Test Results

Comparison beween Srudk-dde Dummy Reponsss
and Non-Strudk-9de Dummy Respongss — Analyticd results
of the Sdeimpact accidents o reveded thet theinjury frequency
for passengers sitting on segts gppesite the Sde of impact was nat
lower. Theam of the present Sudy wasto assessthe cgpability of
thetest to evauate the performance of atested car’s protection of
its pessengers both on the struck-side and non sruck-sde. Hgure
17 compares the dummy responses between the gruck-side and
the non gruck-9de in bath the ECE R95 non-arabbed test and
27-0egree ardbbed tes. As shown in Hgure 18, the non
druck-dde dummy responsss ae lower then those of the
sruck-sde dummies exoept for HPC in the non-crabbed tet. For
rib deflection and V*C in patticular, their values were vary sl
for nongtruck-side dummies; indicating a very low input to the
thorax. These tendendes ae dmod the same & in the
AV SS214-basd test. We andyzed this result and conduded
thet any messurement of injury vauesusingadummmy onthe non
gruck-gdeisamos meaninglessunder thecurrent test procedure

Table2.
Full-scalesdeimpact tes matrix and dummy pesk responses
F991201 F00_0401 | FO0_0402 | FO0_0801 | F00_0802 | FO0_0803 | F00_0804 | FO00_1001 | FO00_1002 | F00_1003 | FO0_1004

Impact Configuration
Impact Velocity 50 km/h 50 km/h 53.9 km/h 50 km/h 53.9 km/h 50 km/h 53.9 km/h 50 km/h 53.9 km/h 50 km/h 53.9 km/h
MDB Mass 950 kg 950 kg 950 kg 950 kg 950 kg 1368 kg 1368 kg 950 kg 950 kg 1368 kg 1368 kg
Barrier Face Height 300 mm 300 mm 300 mm 300 mm 300 mm 279 mm 279 mm 300 mm 300 mm 279 mm 279 mm
MDB Impact Point ECE/R95 ECE/R95 ECE/R95 | ECE/R95 ECE/R95 | FMVSS214 | FMVSS214 | ECE/R95 ECE/R95 | FMVSS214 | FMVSS214
Barrier Face Type ECE/R95 ECE/R95 ECE/R95 | ECE/R95 ECE/R95 | FMVSS214 | FMVSS214 | ECE/R95 ECE/R95 | FMVSS214 | FMVSS214
Struck Vehicle 4drSD-A 4drSD-A 4drSD-A  |4drSD-A 4drSD-A 4drSD-A 4drSD-A  |4drSD-B 4drSD-B 4drSD-B 4drSD-B
Struck Vehicle Mass 1285 kg 1282 kg 1283 kg 1210 kg 1211 kg 1210 kg 1212 kg 1433 kg 1430 kg 1432 kg 1431 kg
Front Struck-side Dummy EUROSID-1| SID-lIs B+ | EUROSID-1| ES2 Proto. | ES2 Proto. | ES2 Proto. | ES2 Proto. | ES2 Proto. | ES2 Proto. | ES2 Proto. | ES2 Proto.

HPC 138 702 85 172 81 355 196 222 157 448 203

Thoracic Rib Defl.(mm) *1 42.0 51.3 21.7 40.5 25.1 49.3 29.9 42.0 23.4 49.5 41.3

Thoracic Rib V*C(m/s) *1 0.55 0.96 0.14 0.71 0.18 0.99 0.57 0.84 0.22 1.57 0.53

Abdominal Force(kN) 2.45 = 1.55 2.02 1.16 1.22 1.22 1.90 1.29 1.96 1.83

Abdominal Rib Defl(mm) *2 - 60.30 - N N - - - - - N

Pubic Force(kN) 3.10 0.51 1.81 3.31 1.73 4.93 3.67 4.10 243 4.52 3.29

lliac_Force(kN) 5.48 -

Acetabulum Force(kN) - 1.86 - - - - - - - -
Rear Struck-side Dummy SID-lls B+ | EUROSID-1 SID-lls B+ | SID-lls B+ | SID-lls B+ | SID-lls B+ | SID-lis B+ | SID-lis B+ | SID-lls B+ [ SID-lis B+ | SID-lIs B+

HPC 154 351 344 127 345 249 423 455 471 731 421

Thoracic Rib Defl.(mm) *1 29.2 17.3 39.4 33.6 39.4 31.9 39.8 20.2 27.4 17.6 34.9

Thoracic Rib V*C(m/s) *1 0.25 0.08 0.62 0.50 0.62 0.31 0.59 0.15 0.21 0.16 0.62

Abdominal Rib Defl(mm) *2 33.3 - 47.1 35.6 44.4 33.9 48.4 17.7 31.0 18.2 33.8

Abdominal Force(kN) - 1.27 - - - - - - - - -

Pubic_Force(kN) N.M. *3 3.60 0.24 0.31 0.30 0.77 0.97 0.43 0.29 0.80 1.17

lliac Force(kN) N.M. *3 - 0.52 3.62 0.33 0.95 2.73 0.05 0.08 0.05 0.08

Acetabulum Force(kN) N.M. *3 = 1.50 1.30 1.87 1.27 3.47 1.42 1.09 1.70 2.22
Front Non Struck-side Dummy | EUROSID-1| EUROSID-1| EUROSID-1| No Dummy | No Dummy [ No Dummy | No Dummy | No Dummy | No Dummy [ No Dummy | No Dummy

HPC 233 215 21

Thoracic Rib Defl.(mm) *1 25 5.0 0.6

Thoracic Rib V*C(m/s) *1 0.00 0.01 0.00

Abdominal Force(kN) 0.48 0.34 0.48

Pubic_Force(kN) 1.40 1.43 1.27

*1 ; Max of three Thoracic Ribs

*2 ; Max of two Abdominal Ribs

*3; N.M. = not measured
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Figure17. Comparison between sruck-ddeand non
gruck-ddedummy responses

Comparison _between Front and Rear Dummy
Responsss-Dummy responsesin thefront seet werecompared to
thoseintherear st inthe ECE R95 non-crabbed test to assess if
the tes was capeble of evauating reer seat dummy responsesin
the current test condiitions The comperison reaults for front and
rer seat dummy responsss for EUROSID-1 and SD-lIs ae
showninFHgure18.
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Figure18. Comparison between front and rear dummy
responsesin ECE R95 non-crabbed test.

The vaues for the thorax and abdomen for bath types of
dummies are higher for front seets, while those for the heed and
pevis show a diffeet indingtion depending on the

anthropomery of the dummy. It is reveded from thisfinding thet
regr seet dummy responses can be higher then front ones even in
the noncrabbed test depending on the anthropometry of the
dummy usd.

Effect of Crab Ande for Dummy Regponses - Here
efetsof the MDB with or without acrab angle on front and rear
dummy responsesin agriking vehide were sudied.

A sample of front and rear dummy regponse comparison
based on the ECE R95-based tet condition with or without acreb
ange is shown in Fgure 19 and FHgure 20. It is dearly seen for
front dummies, tha the regponses are lower in the 27-degree
crabbed tes then the non-arabbed tet for both Vehide A and
Vehide B. An dmog smilar indlingtion is dso seen in the
RAVIVS3214-basad tedt. For reer dummies theresuitsare different
from front dummies. With respect to rib deflection vaues for the
thorax and abdomen, the reoonses are higher in the 27-degree
crabbed test then non-crabbed test for bath Vehide A and Vehidle
B. For the AV S3214-basad tedt, the reponses are higher inthe
27-0egree arebbed test then in the non crabbed test for nat only
the thorax and abdomen rib deflection vaues but aso the pubic
force and acetabulum force

For ECE R95 27-degree crabbed teg, it was arigindly feered
thet the adhesion surface of the barrier face would cause peding.
However, no such prablem arose for the mullti-layer type barier
face usad in our tests The pogt-test condition of the barrier faceis
shownin Hgure21.

Vehicle A EECE R95 Non-Crabbed Vehicle B EEECE R95 Non-Crabbed
HPC EmECE R95 27deg.Crabbed HPC [JECE R95 27deg.Crabbed
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Figure19. Comparison between non-crabbed test with 27-
degreecrabbed test - front dummy responses
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Vehicle A [BEECE R95 Non-Crabbed
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Figure20. Comparison between non-crabbed test with
27-degreecrabbed test - rear dummy responses.
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FigJeZl. Barrier facedeformation - IéCE R95-basdtets

Comparison between EUROS D-1 Responseswith ES-2
Prototype Regponses— Responsss of the EUROS D-1 and ES-2
protatype were compared under the same tes conditions to
evauae the improvement effect and to dudy the differencesin
thar characteridtics.

Faure 22 showstheresponses of the EUROS D-1 and ES-2
prototypein the ECE R95 non-crabbed test and the ECE R95 27-
deg. crabbed test using vehide A.

In the non-crabbed tegts, the maximum rib deflection values
of both dummies were dmog the same, while vibration was
genarated dter deflection occurred only in the ES2 protatype
responsss Depending on the differenceinrib deflectionrate, V*C
of the ES2 prototype is higher then thet of the EUROSID-1.
Although the abdomen showed no modification, abdomind force
of the ES2 pratotypeis lower then thet of the EUROSID-1. This
is probebly because the madification of the thorax and pdlvis
regions genaraed some dde effedts It gopears that the ES2
prototype showed some improverment in the second pegk of pubic
foroe, which was very goparent with the EUROS D-1.

In the 27-deg. arabbed ted, the flat top phenomenon thet
occurred in the EUROSID-1 rib deflection responsss gopears to
have been dightly atenuated with the ES-2 pratatype. However,

it issupposed to be a phenomenon dmost smilar tothefla topin
the upper rib deflection response in 27-deg. arabbed tet using
anather vehide (i.e,Vehide B) as shown in Hgure 23. ES2
prototype shows a lower abdomind force then thet of the
EUROSD-1 asin the case of the non-crabbed tes.

From these reaults, it seems the ES-2 prototype hes bean
improved in terms of theflat top phenomenon and the generation
of the sacond peek in pubic force. However, further consideration
based upon on many tet resultsis nesded to improvementsin the
fla top phenomenon and the rib deflettion oscillation

phenomenon.
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Figure22. Comparison of EUROS D-1 responsss and ES-2
Prototyperesponsesin ECE R95-based tests(VehideA).
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Figure23. ES-2 Prototypethoradicresponsesin ECE R9%5
27-deg. Crabbed test (VehideB).

Summary of Full-scale Sdelmpact Test Results
Thereauits of 11 casss in afull-scale Sde impact test series
wereasfolows

»  Thecuret tes procedureshavedifficulty in evaluating non
druck-sde pessnger protedtion.  Thadfore a  different
eval uation procedure should be developed or usd.

*  Rear s dummy regponses can be higher then front ones
depending on the anthropometry of the dummy usad in ated.
The current test procedure mekesit possibleto evaluate reer seet
passenger protection.

*  Nonarabbed tes condition is more severe for front seet
dummiesand crabbed test condition is more severefor rear seet
dummies A test with or without a creb angle should therefore
be consderad in the light of these resuits and the priority of
passenger protectionin actud accidents

*  TheES2 pratotype hes been dightly improved with regard
to some gdructurd problems of the EUROSD-1. However,
these improvement effects nesd to be vdidated by futher
testing.

CONCLUSON
The Jgpanese view of the internationdly harmonized sde

impact tes procedure in the future has been devdoped as
explaned dbove. Hereisan overview:

e Impect velodity - Based on theresulits of accidant andyss it
is concdluded thet the gppropristle MDB longitudinal impect
veodity is50 kmvh.

*  MDB gdificdions—Therewere some differencesbetween
the front-end characteridics of current vehicles and those of the
curent MDB and barrier face. Therefore, the pedifications of
the MDB should be divideble into Sx blocks In condusion, the
appropriste MDB should have 1150 (+100 to 150) kg in mass
1,600t0 1,800 mm in width, 500 to 550 mmin effective height,
and 300to 350 mmin ground dearance Itisaso conddered the
dtiffress of MDB should smulate the diffness ditribution of
recent vehides.

e Dummy — At this writing, only the 50th percentile adult
mde dummy hes the posshility of being intendiondly
harmonized. Therefore, it is necessary to continue using the S0th
percentile adult mae dummy until a more gopropriate dummy
szeisecified worldwide

«  Proedtion of rear passengers - For the protection of reer seet
passengers, a comprehensive review neds to be made on the
sze of the dummies and the geometry and diffness of MDB.
However, it was found thet even in the non-arabbed tegt
condition, evduation of vehide peformance for reer seet
passengerswould Hill bepossible

*  Protedtion of non struck-gde passengers — Non druck-sde
passenger protection is congdered difficult to evaluate by the
current dummy-basad test procedures
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