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Vehicle Safety Technology and Commonality Safety

Huang Shilin, Zhang Jinhuan, Du Huiliang
Tsinghua University , Beijing, 100084, huangshl @ tsinghua. edu . cn

Abstract: Traffic accident has been the largest threat on human life and the research on vehicle safety
deeply affects the national commonality safety. This paper summarized the developments in. vehicle safety
technology, road traffic safety technology, and anti-terrorism of .auto-bomb in the past 10 years, corre-
sponding with the actual research state of the world, pointed out that it’ s necessary to carry out the fur-
ther research on the vehicle safety technology, biomedical integrated, for the consideration of the com-
monality safety. These researches will advance the development of vehicle safety technology .

Keywords: Commonality Safety, Vehicle Safety, Crash, Road Traffic Safety, Anti-terrorism, Biomedical
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Recent Progress in Pedestrian Impact Protection

Zhou Qing( A %), Du Huiliang(#:/C B )and Kong Fanzhong( 5L L %)
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Abstract: Car-to-pedestrian collisions are very frequent traffic accidents in urban areas and often lead to
severe injuries and fatalities. The initiative of the European pedestrian safety protection regulation has
prompted many research efforts in this area during the 1990s. This paper is to review research achieve-
ments in pedestrian impact protection, including impact kinematics, injury mechanisms, testing and com-
puter modeling methods, and development of protective measures.

Keywords: Car-to-pedestrian Impact, Pedestrian Safety, Pedestrian Protection, Safety Regulation
1. Introduction

Car-to-pedestrian collisions are one of the main types of traffic accidents in cities. In the European
Union more than 7000 pedestrians are killed every year in road accidents (EEVC 1998). In the US,
pedestrian fatalities were over 4700 in 2000 (NHTSA 2000) . In China, there exists large amount of roads
with mix traffic of pedestrians and vehicles in big cities. In 2003, China had 28,000 pedestrian fatali-
ties, about 25% of the total fatalities in traffic accidents (China Traffic Contro! Bureau 2003) .

In car-to-pedestrian collisions, the lower limbs are usually struck first and the pedestrian’ s head
arcs downward to strike the engine hood (or bonnet by European term) surface (see sketch in Fig.1).
Head injuries are among the most life threatening form of injury for pedestrians and are predominantly
caused by a direct blow to the head. Leg injuries account for more than half of the severe injuries. Al-

though not life threatening, severe knee joint injuries often cause permanent disability.

B 5 =

Fig.1 Sketch of car-to-pedestrian impact
To reduce the pedestrian fatalities, European Enhanced Vehicle-safety Committee (EEVC) working
group 17 (WG17) published a proposal conceming the protection of pedestrians from vehicle fronts
(EEVC 1998) . Based on years of studies, EEVC W(G17 recommended component-based test procedures
using their specified impactors(Fig.2) . Starting from 2005, new vehicle models in Europe will have to

meet the Phase 1 pedestrian protection standard, and from 2010, a stricter requirement will have to be
met.
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Early studies of car-to-pedestrian impact can be traced back to 1970s in the US(MacLaughlin and
Daniel 1974) and Europe (Appel et al 1975) and have been continuous since then. Since the 1990s,
however, prompted by the EEVC proposal, studies of pedestrian impact protection have had significant
progresses. This paper is to review the technology advancement in the area of car-to-pedestrian collisions,

pedestrian injuries, research methods, and protective measures.
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Fig.2 EEVC component tests for assessing pedestrian impact protection
2.Study of Injuries in Car-to-Pedestrian Collisions

Danner et al (1979) analyzed 3000 real world car-to-pedestrian impact accidentsand concluded that
head and leg injuries were predominant pedestrian injuries. The influence of pedestrian age was clearly
confirmed. Elderly adults sustained more fractures of lower limb, pelvis and upper thigh, while children
revealed a high incidence of head, torso and upper thigh injuries due to their relative height.

Injuries of pedestrian lower leg and knee joint as the result of impact with bumper are the most fre-
quent injury form. Common injuries include long bone fractures, knee femoral condyle and tibial condyle
fractures, knee ligament tearing and rupture, etc. Lateral shearing and bending have been recognized as
the two most important injury mechanisms (Nyquist et al 1985, Kajzer et al 1997, Kajzer et al 1999).

Under a high speed (i.e. 40 km/h) lateral impact, a study by Kajzer et al (1997) using cadavers
found that the bending angle of 15° to the knee joint produced ligament avulsion failure and angle of 16°
caused diaphysis/metaphysis failure. Under shearing, a displacement of 16 mm produced epiphysis fail-
ure and 28 mm caused diaphysis/metaphysic failure. Kajzer et al (1999) reported results from 5 tests
performed in shear and 5 bending using cadaver limbs loaded at 20 km/h with a test apparatus similar to
that used in their high speed tests (Kajzer et al 1997) . They found that at slower impact rates a higher
incidence of ligamentous damage within the knee joint was produced, while at higher speeds, lower limb
injuries were dominated by fractures.

A recent joint study by University of Virginia and Honda R&D (Bhalla et al 2003) found that knee
bending tests are capable of reproducing real world pedestrian injuries. Pure shear of the knee joint is an
extreme case that does not occur in real world pedestrian crashes. A more recent study using cadavers by
the same group in University of Virginia (Bose et al 2004) further concluded that the real world pedestri-




