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On the

afe

side

A US safety standard is said to fail to adequately test vehicles side-impact
protection. Byron Bloch looks at the principles that should be integrated
into vehicle design to improve crashworthiness in such impacts

N If a vehicle is to be deemed reasonably
crashworthy, it must suf ciently protect the
driver and passengers from severe or fatal
injury in collision accidents, including side
impacts with other vehicles and roadside
objects. And if crash testing is to be valid,
it must be relevant to what happens in real-
world accidents. Unfortunately, that hasnt
been the case with Federal Motor Vehicle
Safety Standard 214 (FMVSS 214), as
established in the USA, and emulated
in other nations. This so-called safety
standard has fallen far short of ensuring
that complying vehicles offer suf cient
or optimal protection in side impacts.

In the USA, the National Traf c and
Motor Vehicle Safety Act of 1966 established
the Federal Vehicle Safety Agency. Its

mandate was to issue safety standards as
minimum requirements that vehicles must
comply with. The NHTSA was thereby
created and empowered to draw up a set
of rules the Federal Motor Vehicle Safety
Standards (FMVSS)  which must be fully
complied with before an auto maker can
sell its vehicles in the USA.

In the USA, compliance to those
minimum requirements does not absolve
auto makers from any potential legal liability
borne out of defective designs that dont
offer reasonable protection in actual collision
accidents. Therefore, the FMVSSs are not
an assurance that a vehicle is appropriately
crashworthy, and a vehicle could be judged
well below what is available and feasible as
an alternative, safer design.

Design improvements for increased passenger protection

Strengthen the rocker sections

and the oor pan

High-strength steel, internal baf es, and
rigid-foam lling to increase compressive
and bending strength by a factor of at least
three to ve times, so that outboard rocker
sections are analogous to a strong full-
perimeter frame.

Lateral cross members for oor pan and roof
Tubular closed-section cross-members with
internal baf es and/or rigid-foam lling, to
help transfer loads from the impacted side
to other structural members across the
vehicle body.

Strengthened doors with perimeter overlap
Mid-level and high-level beams (to prevent
override), integrated fore-and-aft for a
continuous guardrail design, with the door
overlapping its surrounding perimeter and
B-pillar to prevent the door(s) from being
pushed inward.
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Energy-absorbing foam padding

in the interior

Polyurethane or other semi-dense polymeric
foam to absorb impact energy and minimize
trauma to the occupant s head and chest.

Side-window laminated glazing
Laminated side-window glass, rather than
tempered glass, will remain relatively intact
and serve as a support for side-curtain
airbags and as a life-net to prevent
occupant ejection.

Side-torso and side-curtain airbags
In atable airbags to cushion and reduce impact
trauma to the occupant s head and torso.

Stronger wraparound seats with

integral belt restraints

Wraparound contour of the backrest to help
stabilize and reduce lateral movement of the
occupant in side impacts, with integral
seatbelts that tighten with pre-tensioners.

The initial side-impact test requirement
in the early 1970s was a slow push laterally
by a cylindrical device into the middle
of the door, but there was no crash test
requirement as such. The previous static
test (slow push) was superseded by more
stringent loads applied to the doors to
measure the initial, intermediate, and peak
crush resistance (not less than 3.5 times the
vehicle curb weight or 12,000 Ib, whichever
is less) required to deform the door inwardly
over the initial 6in, then 12in, then 18in.

NHTSA upgraded FMVSS 214 in 1990
by adding a new dynamic side-impact test
by a moving deformable barrier (MDB) at
33.5mph, but there was no measurement
of any impact forces to the test dummys
head. Nor did the moving barrier override
the target vehicles rocker section, as occurs
in many real-world accidents. The test
focused on thoracic and pelvic injuries in a
side-impact crash test by a crabbed (angled)
3,000 Ib MDB, simulating a moving vehicle
being struck in the side at 90 . The chest-
injury criterion was Thoracic Trauma Index
(TTI), based on measured acceleration data
from the ribs, spine, and pelvis of the test
dummy, and the TTI did not exceed 85¢ for
four-door cars, or 90g for two-door models.

In 1995, NHTSA issued a nal rule
amending FMVSS No. 201 Occupant



Protection in Interior Impact to

require passenger cars, trucks, buses and
multipurpose passenger vehicles with a gross
vehicle weight rating of 4,536kg (10,000

Ib) or less to provide protection when

an occupants head strikes certain upper
interior components.

In 1998, NHTSA published a nal rule
amending Standard 201 to permit, but not
require, the installation of a dynamically
deploying upper-interior head-protection
system. Manufacturers choosing to install
a head-level airbag had to subject their
vehicles to a free-motion head-form test
at a speed of 12mph, and an 18mph
perpendicular vehicle-to-pole test.

Even with Standards 214 and 201 there
continue to be a large number of fatalities
occurring in side impacts resulting from
a variety of crash types and outcomes.
Fatalities occur when an occupant strikes a
tree or pole; when the striking vehicle has a
high front-end, such as a taller pickup, SUV,
or heavy truck; when the occupant is ejected
out of the side window; and when the crash
is of high speed or high severity, even when
the striking vehicle is a passenger car.

The death toll in side impacts in the
USA is now well over 9,000 per year for
passenger vehicles and LTVs (larger, heavier,
taller vehicles). The frequency of fatal

“The death toll in

side impacts in the
USA is now well over
9,000 per year for
passenger vehicles and
LTVs. The frequency

of fatal injuries is three
or four times more
likely if the striking
vehicle is an LTV
impacting into the side
of a passenger car”

injuries is three or four times more likely

if the striking vehicle is an LTV impacting
into the side of a passenger car. This issue,
known as a mismatch, is not yet considered
within the FMVSS testing procedures.

The latest rule upgrade will modify
FMVSS 214 by requiring all passenger
vehicles to provide protection in a 20mph,
75 , oblique vehicle-to-pole test by
simulating a collision sideways into
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Left: 2004 saw GM conduct its 15,000th crash
test at its proving grounds in Michigan, USA,
evaluating a Pontiac G6

Above and below: Similar work being carried
out in the crash test laboratories of Saab and
Volkswagen, respectively

a narrow xed object, such as a telephone
pole or tree. The pole test will be conducted
using a 5th percentile female dummy seated
full-forward, or a 50th percentile male
dummy seated at the mid-track position of
the front outboard driver or passenger seats.

In many side-impact accidents, the
impacting vehicle may be larger, taller,
heavier, or structurally stiffer than the struck
vehicle. For example, a large SUV, pickup
or van weighing more than 5,000-6,000 Ib
may impact into the side of a compact or
mid-sized automobile weighing 1,800-3,600
Ib. In such a mismatched collision, the
larger vehicle will often override the struck
cars oor pan and rocker section, loading
directly into the mid-body or B-pillar.

Although the mid-body B-pillar may
pass the FMVSS 214 compliance test by
the 3,000 Ib MDB that engages the rocker
section and oor pan, the B-pillar may be
structurally inadequate and vulnerable to
being ripped away at the point where its
attached to the rocker section and/or roof
side rail if impacted by a larger vehicle.
It is clear that the side-impact crash-test
protocol must include more realistic impacts
by a larger vehicle, or by a moving barrier
thats heavier and taller.

As GM Europe (Opel) stated in its 1993
publication, Vehicle Safety, Because test
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