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1.0 Introduction

Protecting the head from irreversible brain damage is oﬁe of the
most critical tasks of the automotive safety design engineer and of the
regulator who sets Federal Motor Vehicle Safety Standards (FMVSS). Both
have based their work on human performance and injury data from a
variety of sources. Although field accident data are available in large
volume, very little have been able to provide the level of detail
necessary to study actual mechanisms of injury. Regulators and
engineers concerned with occupant protection have instead used the more
scientific data coming from laboratory impact experiments with animals
and cadavers, as well as from acceleration experiments with human
volunteers, to determine an acceptable level of protection and to
measure whether or not a system achieves this level.

The intent of this study 1is to review the development of
biomechanical knowledge about skull/brain injury tolerance to impact and
other accelerations, to examine the degree to which this knowledge has
been used by the National Highway Traffic Safety Administration (NHTSA)
in setting occupant protection standards, and to focus attention on that
portion of the evidence that has not been effectively tapped. This
latter body of information has been developed primarily in the period
beginning 1972, the year in which the Head Injury Criterion (HIC) was
incorporated into FMVSS 208 and a court decision was made requiring
NHTSA to precisely specify its anthropomorphic test device. Finally,
suggestions are made for further research that would enhance our
understanding of head injury mechanisms and protection.

The main body of the report contains a review of landmark

literature and regulations relating to head injury, along with a list of



the primary references. Appended to the report are excerpts from the

Federal Register referred to in the review and an extensive

bibliography. An additional appendix presents illustrations of head

injury accident data from NHTSA’s National Crash Severity Study (NCSS).

2.0 Early Period: 1960-1970

2.1 Wayne State Tolerance Curve

The Wayne State Tolerance Curve (WSTC), first suggested by Lissner,
Lebow, and Evans (1960)1* is the foundation upon which most currently
accepted indexes of head injury tolerance are based. As originally
presented, the "curve" included six points that represented the
relationship between acceleration level and impulse duration (in the
range of 1 to 6 ms) found to produce linear skull fracture in embalmed
cadaver heads. Simply put, short pulses of high acceleration will cause
injury, while lower acceleration levels require longer duration to do
harm. The curve was later extended to pulse durations above 6 ms with
comparative animal and cadaver impact data and with human volunteer
acceleration test data. The details of the history of the WSTC are
described in SAE J885b (1980)2 and will not be repeated here.

The reader should be aware, however, of the physical nature of the
experiments of Lissner et al. that produced the first data points to be
used in the WSTC. Embalmed human cadavers were used as opposed to fresh
cadavers or severed heads. Instrumentation consisted of pressure
transducers in the right temporal and left posterior regions of the

skull and an accelerometer on the center rear of the skull. The impact

*Superscript numbers refer to citations listed in section 6.0:
References. Citations may also be identified by author(s) and date in

Appendix B: Bibliography.



was on the forehead. The membranes surrounding lobes of the brain were
mechanically punctured and torn to allow all parts of the cranial cavity
to communicate. The impacts were accomplished by dropping the cadavers
onto automotive instrument panels, damped steel plates, steel anvils,
and padded steel anvils.

The important points for the present discussion are that (1)
pressure change gradients in the region of the foramen magnum were
understood to be the primary brain stem injury mechanism; (2) the
original WSTC reported peak accelerations and peak pressures for
translational impact with hard, flat surfaces in the anterior-posterior
direction; (3) the authors cautioned that much data was needed to
validate the curve, but (4) it was the first graphical representation of
critical injury threshold based on impact conditions. The authors also
provided insight into the goal for energy absorbing materials or
structures:

Any padding arrangement or reduction in stiffness of the

[instrument] panel, or both, which increases the time duration

of impact in an equal or diminished ratio to the decrease in

acceleration or pressure produced, will be an improvement with

regard to prevention of injury.
The relative decreases and increases necessary are described by a curved
line, such as the WSTC.

Soon thereafter, Gadd (1961)3 suggested plotting the injury
threshold curve on logarithmic scales to achieve a straight line fit.
The extent to which the slope of this line was steeper than -1 would
indicate a greater dependence of injury on the intensity of loading, as
opposed to dependence on time of loading. He also suggested that
multiple impulses could be analyzed for injury potential by integrating

the acceleration over the entire impulse profile, using the power



weighting factor, derived above from the slope, on the acceleration
portion of the profile. This fundamental engineering advice for those
thinking of establishing an index of injury tolerance was later to be
developed into the Gadd Severity Index, discussed below.

Before this index was finalized, however, changes were made in the
WSTC. To make the triangular peak acceleration levels compatible with
irregular wave forms and with the trapezoidal waves of human volunteer
tests summarized by Eiband (1959)4, the ordinate of the curve was
changed to "effective'" or average acceleration. A plot in this form
appears in Patrick, Lissner, and Gurdjian (1963)5. The asymptote of the
curve, or the low-level acceleration threshold for very long time
durations, was given as 42 g. The authors stated, however, that humans
are known to have withstood considerably higher accelerations in cases
where there was no impact. They suggested then a threshold of from 60 g
to 80 g, and they themselves used 80 g as the upper safe limit on
effective acceleration for impacts with a padded surface. This figure
was later incorporated into FMVSS 201 instrument panel tests and an
early version of FMVSS 208. It must be remembered, however, that for
non-rectangular wave forms, peak accelerations can be higher than 80 g.
The authors cited permissible peaks of 110 g for sinusoidal pulses and
160 g for triangular.

Other concepts coming from this paper that were to emerge later in
standards were (l) the avoidance of high acceleration peaks lasting
longer than 1 ms and (2) the use of interior impact test velocities of
one half the probable vehicle velocity at impact. The reader is
cautioned that the latter concept may not be valid in real crashes.

Velocities chosen for impact tests should be reevaluated as occupant




protection systems change, because interior structures and restraint

systems influence occupant kinematics and thus interior impact velocity.

2.2 Severity Index

At the Tenth Stapp Car Crash Conference, Gadd (1966)6 brought to
maturity the ideas presented in 1961. Although a log-log plot of the
WSTC resulted in a somewhat curved line, Gadd felt his straight-line
approximation was "sufficient at this time' because of the scatter of
the data. The slope of his line was -2.5, and thus 2.5 became his power
weighting factor. Using the Skeverity Index (SI) formula faz°5 dt, Gadd
showed that a triangular pulse having the same area as a square pulse
would have an injury potential 1.61 times as great. Near the end of his
paper, Gadd returned to the question of his straight line approximation
and suggested that, as more data became available, a curve of arbitrary
shape could be constructed. He credited J. P. Danforth with the
suggestion that the weighting exponent need not be constant but could

vary as a function of acceleration.

2.3 FMVSS 201

On December 3, 1966, the proposed initial Federal Motor Vehicle

Safety Standards appeared in the Federal Register [1] *. FMVSS 201,

"Occupant Protection in Interior Impact,"

was among those proposed.
Using the general test procedures and 15-pound, 6.5-inch diameter
headform from SAE J921 (1965)7, 15 mph impacts with the "head impact

area" of the instrument panel were to be performed.

The test criteria were as follows:

*Bracketed numbers refer to excerpts in Appendix A of this report.



a) The deceleration of the head form shall not exceed 80g for 1.0

millisecond or more; and,

b) The pressure in the area of contact shall not exceed 100 p.s.i.
The proposed regulation did not apply to areas within 5 inches of the
door nor closer to the windshield than could be contacted by the
headform. It should be noted that the 80 g effective acceleration limit
suggested by Patrick, et al. (1963)5 was incorporated here as a maximum,
except for peaks of very short duration that were also allowed by these
authors. The pressure limit of b) was included to control for impacts
with protrusions that could be injurious at low acceleration levels.
Two months after the initial proposal, the rule was issued with the same
provisions, except that the concept of contact-area pressure was dropped
[2].

At the request of petitioners, hearings were held in May 1967
regarding the provisions of FMVSS 20l. The resulting revised regulation
[3], issued in August eliminated areas of the instrument panel below an
upper lip from any impact testing and lengthened the duration of
allowable deceleration above 80 g to 3 ms. Although no limit was placed
on the peak allowable during the 3 ms window, it would be reasonably
difficult to achieve an injurious level of acceleration during this
short a period if the impacted surface were padded. Using current
methods to calculate injury threshold (HIC<1000, to be discussed bélow),
a peak of 280 g would still be within the safe limit.

In October of the same year, another proposal [4] was issued that
indicated NHTSA was considering additional areas to be covered by FMVSS

201, including "A" and "B" pillars, windshield headers, sun visors,



rearview mirrors, roofs, etc. Comments were also requested on "the need

for specifying more stringent impact deceleration-time requirements...'

2.4 Injury Mechanisms

During this time, when tolerance curves and injury indexes were
being developed and government standards were trying to reflect these
developments, laboratory research continued to be concerned with the
actual mechanisms within the skull that produce brain injury and with
quantifying the mechanical properties of the skull/brain system. The
eventual goal of this research would be the development of sophisticated
analytical models to predict injury from impact and acceleration.

The WSTC was based on translational motion data, but rotation had
also long been known to effect injury (Holbourn, 19438; Gurdjian,
Webster, and Lissner, 19559). Gurdjian, Roberts, and Thomas (1966)10
observed that the "line of action" of a blow to the head had a
significant effect on the resulting injury. If "an impact provides an
unusually abrupt rotation of the skull, severe effects can occur in

areas not immediately adjacent to the point of impact."

Ommaya, Hirsch,
and Martinez (1966)11 found that a cervical collar reduced the
rotational acceleration of monkey heads and raised the concussion
threshold for occipital impacts. The authors also found that abrupt
rotation without impact could affect sensory responses.

A brief paper by Gurdjian, Hodgson, et al. (1968) 12 summarized the
state of understanding at that time of brain injury mechanisms from head
impacts. Specifically the paper mentioned (l) direct contusion from
deformation at the point of impact; (2) indirect contusion produced by

negative pressure on the side opposite the impact; (3) brain deformation

as it responds to pressure gradients, causing shear stresses at the



craniospinal junction; (4) contusion from movement of the brain against
rough and irregular interior skull surfaces; and (5) subdural hematoma
from movement of the brain relative to its dural envelope, resulting in

tears of connecting blood vessels.

2.5 Mathematical Modeling

Early modeling efforts included the work of Hodgson and Patrick
(1968)13, who developed a simple one-degree-of-freedom model to predict
the response of the occipital bone to frontal bone impact. The model
was based on data from mechanical impedance tests of a human cadaver and
two living human subjects in the range of 0 to 5000 Hz. Mechanical
impedance measurements involve determining the ratio of a sinusoidal
force, applied to a specimen, to a particular mechanical response of
that specimen. As the frequency of the applied force varies, both the
magnitude and the phase of the response vary. Once the impedance
function is known, the impact response can be calculated. The results
can also be used to develop and validate simple lumped parameter models
of the head, both mathematical and physical, incorporating the same
mechanical impedance in the frequency range of interest. The particular
response used by Hodgson and Patrick was the amplification of
acceleration at a point on the head opposite the applied force. This
response of the cadaver head was found to be similar to that of a simple
spring-mass system with an antiresonant frequency at 313 Hz and a
resonant frequency at 900 Hz. At frequencies below 100 Hz, the response
was that of a rigid body.

Another mechanical property important for head injury modeling is
the dynamic complex shear modulus, G, of the brain. Technically, G is a

vector quantity expressing two perpendicular components: G°, the



dynamic elastic modulus representing the springlike stiffness of the
material under shear stress, and G", the dynamic loss modulus
representing the viscous losses in the material. This complex modulus
is necessary for a numerical analysis of a viscoelastic material.
Fallenstein, Hulce, and Melvin (1969)14 studied this property as the
initial phase of a larger program to completely characterize the
material of the human head. In their paper, the authors discussed the
work of others who provided guidance for the program and reported their
own experimental results. The values obtained for in vitro human brain
were just below those of in vivo human muscle tissue. Higher values
were found in preliminary in vivo tests on Rhesus monkeys. The authors

predicted that further tests and in vitro/in vivo correlations would

help resolve questions about the effects of post-mortem changes, blood
pressure, and frequency on the dynamic properties of brain tissue.
Driving point impedance tests of the head were conducted by
Stalnaker, Fogle, and McElhaney (1970)15 on a human cadaver and on
living and cadaver monkeys. The ratio of the driving force to the
velocity at the driven point was measured over the frequency range of 30
to 5000 Hz. The authors’ methods for attaching transducers and holding
the subjects in place were an improvement over those used in previous
impedance tests. A linear two-degree-of-freedom model was developed
from the data obtained. The authors found the brain to be very nearly
critically damped. Metz, McElhaney, and Ommaya (1970)16 reported on a
new method of measuring the elastic modulus of brain tissue. Values

equivalent to G* were found to be somewhat higher than those reported by

Fallenstein, et al. (1969)%.



The mechanical properties of cranial bone were studied by
McElhaney, Fogle, et al. (1970)17. This work, like that of Fallenstein,
et al. (1969)14, was part of a program to adequately characterize all
the materials of the human head so that physical and mathematical models
could be constructed for systematic study of head injury mechanisms.
This work was sponsored by the National Institute of Neurological
Diseases and Stroke. A variety of properties were reported in detail as
well as the dependence of these properties on the structural arrangement
of the diploe, a characteristic likely to vary considerably over a
population of subjects. A model was developed to summarize the
variations of mechanical properties with respect to the density of this

region.

2.6 FMVSS 208

Getting out of the laboratory for a moment, it is appropriate at
this point to discuss the developments in the area of regulation that
occurred in 1970. In May, the first proposal to incorporate automatic
(passive) crash protection into FMVSS 208 appeared in the Federal
Register [6]. To test the effectiveness of these systems, the standard
was to establish "basic injury criteria with reference to an
anthropomorphic dummy, expressed in terms of maximum forces and

pressures on critical parts of the body."

The dummy to be used was that
described in SAE J963 (1968) 18. The occupant protection systems would
be tested the first year with dummies in a frontal fixed-barrier crash
at 30 mph, and lateral and rollover tests would be added the following
year. The propos»al specified that "the resultant head acceleration

shall not exceed 80 g for any continuous period of more than 3

milliseconds.'" NHTSA admitted that the specified dummy '"may not provide

10



totally reproducible results." There was, however, no easily available
alternative at the time. It should be noted as well that the test
criteria were based on the magnitude of the resultant acceleration
rather than on its projection along a single axis, as was used in
constructing the original WSTC. An interim option of manual lap/‘
shoulder belts that had to meet the same test conditions was also
included in the proposal. Comments on the proposal ensued. A
presentation of the arguments on both sides concerning this and later
proposals can be found in a report by the U.S. National Transportation
Safety Board (1979)19, and therefore only pertinent highlights will be
mentioned here. The primary objection to the injury criteria
measurements was' that they were beyond the state of the art.

On September 25 a revised proposal [7] was issued stating that "the
resultant head acceleration shall not exceed 90 g, and shall not exceed
67 g for a cumulative duration of more than 3 milliseconds." These
criteria differed from those of the earlier proposal an& FMVSS 201 in
that a peak acceleration was established and the 3 ms limit on high
accelerations became cumulative rather than continuous. No explanation
was given for the changes. The proposal also increased the number of
interim options available. For fully automatic systems (first option)
and semi-automatic systems in which a manual lap belt could be included
(second option), the injury criteria above were to be met under frontal
fixed-barrier test conditions. For manual lap/shoulder belts (third
option), the test conditions remained the same, but the only criterion
for passing the test was that the system "experience no complete

separation of any element of a seat belt assembly." This option was

11



given to reduce the cost of complying with interim improved belt
systems.

To put FMVSS 201 somewhat more in line with 208, a proposal [8] was
made to increase the test velocity for the head impact areas and lower
the allowable headform decelerations such that, when these areas were
impacted at 25 mph by the standard headform, they could not cause a
deceleration of more than 90 g for a cumulative duration of 1 ms nor 67
g for a cumulative duration of more than 3 ms. The proposal also sought
to increase the size and number of impact areas covered. These changes,
however, were never put into effect, and the current FMVSS 201 remains
essentially as it was in 1967.

The first FMVSS 208 rule incorporating automatic restraints was
issued November 3, 1970 [9]. The preamble read as follows with regard
to permissible head accelerations:

The levels proposed in the September 25 notice are adopted

in this standard, with head accelerations changed from 67 g to

70 g, as the best available criteria for the quantities

measured. Consideration will be given to adoption of a

severity index or other criteria as further research results

become known.

In the same issue of the Federal Register, amendments to the new

rule were proposed [10]. Stating that "biomechanical studies indicate
that the lateral acceleration tolerance of the head and chest are
significantly less than the frontal acceleration tolerance," a
requirement was proposed that the lateral component of head
accelerations could not exceed 40 g for a cumulative duration of more
than 3 ms. The "biomechanical studies" referred to were not identified,
but the data were presumably as yet unpublished results from NHTSA’s
contracted research project entitled "Door Crashworthiness Criteria."

(The paper by McElhaney, Stalnaker, et al. (1971)20 later presented the

12



data base from this project.) The notice also proposed rollover and

moving-barrier lateral tests.

3.0 A Period of Transition: 1970-1973

3.1 Alternate Views of Head Injury

While NHTSA was considering injury severity indexes and limits on
lateral impact acceleration, interest continued in the contribution of
rotational acceleration to head injury. At the Fourteenth Stapp Car
vCrash Conference, Hirsch (having joined NHTSA‘s research staff) and
Ommaya (1970)21 reported confirmation of their earlier findings (Ommaya,
et al., 196611) that rotational motion appeared to be more critical to
the production of brain injury than translational motion. The authors
further stated that "no convincing evidence has to this date been
presented which relates brain injury and concussion to translational
motion of the head for short duration force inputs, whether through
whiplash or direct impact." Caution was suggested when using "currently
popular head tolerance criteria" based on translational head motion.

Other researchers, however, were using their own experimental data
to develop head injury indexes that would approximate the WSTC. These
were the J Tolerance Index (JTI) of Slattenschek (described in English
in Slattenschek and Tauffkirchen, 1970)22, and the Effective
Displacement Index (EDI) of Brinn and Staffeld (1970)23. Both of these
indexes were based on single-degree-of-freedom mass-spring-dashpot
vibration models.

Stalnaker and McElhaney ‘(1970)24 further developed their two-mass
model, based on data from their driving point impedance tests, and
formulated an injury index called the Maximum Strain Criterion (MSC).

This was presented in December at the ASME winter meeting. The MSC

13



curve indicated a tolerance threshold significantly lower than did the
WSTC, and injury tolerance was found to be dependent on the impact
waveform. The MSC for human lateral head impact was also presented for
the first time and was shown to be 50 percent lower than that for
longitudinal impact.

Five years after Gadd’s Severity Index had been adopted as an SAE
recommended practice (SAE J885a, 1966)25, and just as researchers were
recommending the use of alternate criteria, NHTSA decided to adopt the
SI as the head injury criterion for first and second options of FMVSS
208. 1In February 1971, a notice [l1l] was issued stating NHTSA”s intent
to require completely automatic systems to provide "protection in
frontal fixed barrier crash tests up to 30 mph, and up to 30 to either
side of the perpendicular, and in lateral and rollover crash tests."
The other two options were to be tested only in the frontal
perpendicular configuration. The first and second options were to
qualify under "a maximum head severity index of 1000, calculated
according to SAE J885a." The third option (lap/shoulder belts) was
again only required not to sustain structural failure. The rule [12]
appeared in March essentially as announced, except that the third option
was to be eliminated after August 1973. The preamble to the rule also
reaf firmed NHTSA”s opinion that the SAE J963 dummy specifications were
"the best available.”" Research was being done, however, '"with a view to
issuance of further specifications for these devices." Soon thereafter
Chrysler initiated legal proceedings that eventually ended the use of
the SAE J963 dummy.

In October 1971, various amendments to the rule were issued [13]

regarding testing procedures. The preamble, however, responding to

14



comments that the criterion for head injury was too stringent, restated
NHTSA’s belief that the SI<1000 was the most acceptable criterion at the
time and that it would be retained. Responding again to comments that
SAE J963 did not "completely define all the characteristics of the
dummies that may be relevant to their performance in a crash,'" NHTSA
accepted the validity of the comments but said,
It would be difficult, if not impossible, to describe the

test dummy in performance terms with such specificity that

every dummy that could be built to the specifications would

perform identically under similar conditionms.

NHTSA thus declined to "freeze" dummy construction and performance

specifications at that time. In the same Federal Register issue, a

proposal [l4] was made to ease the timing for mandatory automatic
protection systems by extending the third option for two years with,
however, the requirement that outboard lap/shoulder belts meet the
injury criteria of automatic restraints and include an ignition

interlock.

3.2 Head Injury Criteria

The Fifteenth Stapp Car Crash Conference, held in the fall of 1971,
included special sessions on head injury and became a forum for the
discussion of head injury mechanisms, tolerance thresholds, and test
criteria. Translation vs. rotation was again discussed
(Unterharnscheidt, 197126; Gennarelli, Ommaya, and Thibault, 197127);
Gadd (1971)28 suggested that, based on rocket sled experiments, the
SI<1000 limit was much too conservative for non-contact, whole-body
accelerations; and Fan (1971)29 introduced the Revised Brain Model

(RBM), a modification of the JTI. Versace (1971)30 presented a

mathematical critique of the SI and suggested an alternative method for

15



calculating the index number, in which the effective acceleration,
defined as "]f fqn dt, was raised to the 2.5 power and multiplied by the
time duration. Versace argued the approach was still inadequate because
of two factors: (1) biomechanical data were insufficient to accurately
arrive at an appropriate exponent, and (2) the index represented only an
intermediate stage in the injury chain of events. A measure of the
actual response of the brain to head impact would be more relevant.
NHTSA liked Versace’s formula because it was able to handle the
seemingly high tolerance levels in cases of long duration, low-level
acceleration and in cases of two or more high peak accelerations
associated with two or more impacts. In March 1972, a proposal [16] was

issued to replace the SI in FMVSS 208 with the following expression:

! '2 2.5
[?T-ﬁ [ d'] (12-1) <1000

h

where "a" is the resultant acceleration and "t," and "t2" are any two

1
points in time during the crash. The decision to change was said to be
based on research information that "head acceleration exposure is not
always additive relative to head injury." Although not formally labeled
at that time, the new index soon became known as the Head Injury
Criterion (HIC).

In the month prior to the HIC proposal, NHTSA issued the FMVSS 208
rule [15] that extended the injury criteria of automatic restraint
systems to the manual lap/shoulder Belts of the third option and added
the ignition interlock. Vehicle manufacturers commented that, as long

as the head does not contact anything, belt systems allow the head to

flop loosely forward, creating a high SI value while not contributing

16



significantly to injury. When the HIC was adopted as a rule [18] in
June 1972, NHTSA restricted the definition of t, and t; to be "any two
points in time after the head contacts a part of the vehicle other than
the belt system." This modification applied only to belt systems
allowed under the interim third option. The issue was not resolved yet,
however, and in October a further restriction was made to discount the
effects of glancing blows. The regulation [19] then specified "any two
points in time during any interval in which the head is in continuous

contact with a part of the vehicle other than the belt system."

3.3 Developments in Mathematical and Mechanical Models

Although the regulator had updated its injury criterion and testing
procedures, research continued to better characterize and predict skull/
brain injury and to use this information to develop test dummies having
reasonable levels of repeatability and biofidelity. These issues were
the subjects of several papers presented at the Symposium on Human
Impact Response in October 1972.

At this symposium, McElhaney, Stalnaker, and Roberts (1972)31
presented further refinements of the MSC and compared its injury
predictions to those of the other indexes, i.e., SI, HIC, JTI, EDI, and
RBM. The MSC was revised to represent the Mean (rather than maximum)
Strain Criterion, where "mean strain'" was defined as "the displacement
of one side of the head relative to the other, divided by the distance
across the cranium." Basing a tolerance curve on average rather than
peak acceleration levels was more consistent with other criteria. The
mean tolerable strain for human heads was calculated to be .0061 in/in.
Comparing the MSC to other indexes for several simulated crashes, the

JTI, EDI, and RBM predictions were similar to the MSC, but the SI and

17



HIC were much more conservative. In the final section of the paper, the
authors summarized data from human cadaver impact tests, undertaken to
establish force~ and acceleration-time histories of the human head, so
that dummy head impact reponses could be specified.

The discussion that followed the presentation dealt with the
current state of understanding of brain injury mechanisms and the
implications for head injury modeling. Part of this discussion is
quoted here:

J.H. McElhaney: The model we propose, which as we see
predicts essentially the same things as many other models, is
based on information from essentially rigid or almost hard
impacts. Under these conditions we get a certain type of
injury. We have certain injury mechanisms involved. We're
starting to believe more and more, that this mechanism is
cavitation whereas at one time we thought it might be just a
gross deformation in the brain...We're still staying with a
lumped-parameter model, but we’re introducing many more
parameters in an attempt to build into it the ability to
consider different mechanisms of injury. We recognize
particularly that as the pulse duration increases, there is a
different mechanism of injury; and in fact, in the rigid
striker impacts we see predominately contracoup type injuries.
When we pad this striker we don’t see contracoup injuries
anymore. We see minute hemorrhaging in much larger areas in
the brain. Both of these injury types cause some difficulty
in assessment. If the injuries occur in one region of the
brain our pathologist tells us it’s of no consequence; but if
they occur in another region of the brain or tear a major
artery, for example, it’s very serious...When we go to long
pulse durations where we have a lot of angular displacement of
the head or high angular velocity, we see a completely
different type of injury mechanism. We see subdural hematomas
and brain stem involvement. What I think we will wind up with
in the future is either several injury criteria, each relating
to a specific injury depending on the mechanism, or possibly
one injury criterion that covers all of the injury
mechanisms...This is a difficult problem, and its not going to
be solved right away; but at the same time the automotive
community is also faced with a difficult problem that they
have to solve right away, and I don’t have much more advice
than to go slow until we learn more.

On December 5, 1972, the U.S. Court of Appeals, Sixth Circuit,

ruled on the Chrysler suit challenging the automatic restraint
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regulations. The decision rendered the FMVSS 208 test procedures
invalid because of an inadequately specified test dummy. In response to
this ruling, NHTSA issued a proposal [20] in April 1973 that introduced
the General Motors Hybrid II Dummy, a highly repeatable test device, as
the new test dummy for the first and second options. In June, a
regulation [22] was published that eliminated all dynamic tests for belt
systems covered under the third option as a result of further court
decisions on test dummy inadequacies. Dynamic tests for third option
manual belts were never reinstituted. Automatic belt systems, however,
would be covered under the first option test conditionms.

In August, a new Part 572 was added to Title 49 of the Code of
Federal Regulations [23] that established the previously proposed dummy
as NHTSA’s test device. The dummy was specified with detailed drawings
and performance criteria. The performance specifications of the dummy
head were as follows:

When the head is dropped from a height of 10 inches ...the
peak resultant accelerations at the head’s center of gravity
shall be not less than 210 g and not more than 260 g. The
acceleration/time curve for the test shall lie at or above the
100 g level for an interval not less than 1.5 ms.

Except for minor problems with surface texture and accelerometer
placement, these specifications were generally accepted by safety
engineers.

During this same period, another dummy was being developed that had
the joint goals of providing repeatable/reproducible results as well as
having a biodynamic performance in frontal impacts closely matching that

of unembalmed human cadavers. The dummy was introduced at the

Seventeenth Stapp Car Crash Conference as '"Repeatable Pete" (McElhaney,

32

Mate, and Roberts, 197377). The development process for the head and
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thorax of this dummy is significant in that it was the first time a
laboratory had made mechanical measurements, designed a physical model,
and evaluated the model using the same test equipment, instrumentation,
and procedures. This closed-loop process resulted in the first
demonstration of a repeatable test device that also had good
biomechanical response.

At the same conference, Stalnaker, Roberts, and McElhaney (1973)33
reported the results of new long-duration lateral head impacts to human
cadavers and live infrahuman primates. Using dimensional analysis
techniques, the animal data were scaled to estimate the side impact
tolerance of the living human. The threshold of human closed-brain
injury was reported to be 76 g for a 20 ms impulse. Autopsies showed
that long-duration impacts most commonly resulted in brain stem and

internal brain hemorrhaging in areas remote from the impact locations.

3.4 HIC Extensions

Returning to regulatory developments, the HIC was being extended
into the test criteria of other standards. Shortly after the HIC was
proposed for use in FMVSS 208, a proposal [17] was issued for a new
standard on motorcycle helmets. Initially, the helmets would meet
certain peak and cumulative-duration g criteria, but eventually the
standard would be upgraded to require helmets to meet the proposed HIC.
When FMVSS 218 [24] was issued in August 1973, however, the latter
aspect was deferred pending further research and testing. A
comprehensive review of head impact research and injury criteria as they
relate to helmet standards can be found in Robbins (1980)34.

A proposal [25] for a new standard on school bus occupant

protection was isssued in July 1973. The proposal applied the HIC to
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the testing of head impact areas, such that when they were impacted at
15 mph by an 11.5-pound, 6.5-inch-diameter hemispherical headform, the
HIC was to be less than 1000, using the resultant acceleration at the
headform center of gravity. The proposal also described the force-time
history on the headform by stating that the energy absorbed by the
impacted material must be greater than 40 inch-pounds before the force
level on the impactor exceeded 150 pounds; and it described the load
distribution by stating that, at 5-ft/s impacts, the area impacted must
be greater than 3 square inches. In April 1975, the proposal [27] was
altered to limit the HIC calculation to the use of "axial" or
translational acceleration of the headform in its direction of travel.
In January 1976, FMVSS 222 [29] was issued with the headform impact

requirements included as proposed.

4.0 Later Period: 1974-1980

4,1 Finite Element and Kinematic Models

In the mid-1970"s, new modeling efforts were launched using finite
element analysis methods. Finite element models differ from traditional
"infinitesimal models" primarily in the manner in which continuity is
expressed. Generally, the former are more adaptable to digital
computation techniques and more readily accept various forms of
calculation tolerances. The ability of this type of approach to handle
irregular shapes and inhomogeneous materials made it particularly
suitable for modeling the mechanical structures and responses of the
head. These efforts were hampered, however, by the lack of a complete

set of data describing the properties of the various materials of the

head.

21



Chan (1974)35, following a discussion of shell models and a careful
review of the continuum mechanics research on impact loading of head-
like forms, presented a finite element model that predicted both shear
strain and reduced pressure effects. The model was three-dimensional
and had a symmetric axis of revolution. A m?re complex model, but still
of idealized shape, was later developed by Khalil and Hubbard (1977)36.

Two models reflecting the actual geometry of the head were
developed under NHTSA sponsorship. These were reported to the

Nineteenth Stapp Car Crash Conference. (Shugar, 197537; Ward and

Thompson, 197538). The Shugar model concentrated on the mechanics of
skull deformation and fracture, treating the brain as a homogenous,
nearly incompressible material. The Ward model, on the other hand,
assumed the skull to act as a rigid shell and only addressed the complex
effects of impact and abrupt acceleraton on the brain itself. For
practical and economic reasons, these two approaches could not be
integrated because each had several hundred degrees of freedom. Since
the Ward model was more appropriate than the Shugar model for the
longer-duration impacts experienced in crash environments having energy
absorbing materials and structures, its further development was
supported by NHTSA.

Mucciardi, Sanders, and Eppinger (1977)39 demonstrated an
interesting approach to predicting brain injury by analyzing head
motion. Data from head impacts to monkeys performed by HSRI were used.
Measured translational and rotational acceleration and velocity
waveforms were treated by a non-linear Adaptive Learning Network (ALN)
program developed to produce empirically-derived predictive models of

head injury. The injury criterion was a special computed overall AIS.
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Time derivatives were used to create "jerk" waveforms to be used in
addition to the measured waveforms. From thirty-four available
kinematic parameters, the ALN model successfully predicted the observed
integer AIS (using seven parameters), the unconsciousness AIS (using six
parameters), and the time of unconsciousness (using seven parameters).
The authors concluded that the overall AIS was a function of the total
momentum transferred from the impact and the rate of momentum transfer.
Thevir results suggested that rotational motion might be a prominent
factor in causing unconsciousness, but that the overall AIS was

primarily dependent upon translational motion.

4.2 Experimental Advances and Model Validation

More experimental data were still needed before brain injury could
confidently be predicted, and experimental methods also needed to be
improved. Nahum and Smith (1976)40 made contributions to both areas.
They performed experimental blunt impacts to the heads of human cadavers
whose fluid pressues in the cerebrospinal fluid space and cerebral blood
vessels had been raised to simulate realistic levels. Resultant
accelerations were obtained from the signals of four head-mounted
accelerometers and were used to calculate SI and HIC values. The time
histories of the accelerations and impact forces were presented along
with autopsy evaluations of the injuries produced. These experiments
indicated that laboratory procedures could produce injuries similar to
those seen in a clinical practice and that a rough correlation existed
between currently used head injury criteria and the intracranial trauma
observed.

In a continuation of their work, Nahum, Smith, and Ward (1977)41

measured intracranial pressures arising from head motion during impact
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and compared these to pressures predicted by the Ward model.
Correlations were generally good, especially in the frontal region of
the brain. Modifications to the damping factor and compessibility of
the brain model were made to improve the correlations. Additional
correlations of model predictions with live monkey tests at HSRI showed
the same relationship as those for pressurized cadavers and thus
indicated that the experimental procedures adequately simulated the in
vivo state. This cooperative experimental/analytical research program
was of benefit to both approaches.

Further contributions to experimental procedures were made by
Stalnaker, Melvin, et al. (1977)42. In a series of head impacts with
human cadavers, head motion was measued using a new three-dimensional
accelerometry technique that made the calculation of angular
accelerations possible for the first time. These data were compared to
brain motion observable using a new high-speed cineradiographic system.
Brain vascular pressurization methods were also developed and used in
some of the tests. Preliminary analysis of the data indicated that the
brain was only partially coupled to the skull during impact, resulting
in lan effective head mass that varied with time during the impact.
Pressurization was found to improve skull/brain coupling. In addition,
the authors observed a degradation of brain stiffness as time after
death increased.

Biomechanical data was also being used by those designing improved
physical models. Foster, Kortge, and Wolanin (1977)43 introduced the
new General Motors Hybrid III Dummy, which had been under development
since 1975. While retaining the repeatability of the Hybrid II, the

Hybrid III provided biomechanical responses, including those of the
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head, consistent with responses found in published literature. Like
"Repeatable Pete," however, biofidelity of this dummy was limited to the
frontal impact diection. |

In May 1978, a proposal [31] was issued for an upgraded standard on
child restraint systems, FMVSS 213. Dynamic tests were to be required
for the first time using a "three-year-old" dummy to represent children
between 20 and 50 pounds in a 30 mph barrier crash. Lacking
biomechanical data for child injury tolerance, NHTSA specified the same
HIC threshold as that for "adult" dummies. Restraint systems for
infants had only to meet certain head-area padding requirements, because
the "infant" test dummies were not suitable for making acceleration
measurements. The rule [32] appeared a year and a half later with the
injury criterion included as proposed.

In an attempt to determine the validity of the HIC threshold of
1000, Got, Patel, et al. (1978)44 calculated the HIC for 42 free-fall
impacts to the heads of human cadavers. Some were helmeted, some were
not. Using their own method of measuring accelerations to calculate the
resultant, the authors found that tolerance to head impact without
fracture was much greater than the HIC would allow. They suggested that
HIC<1500 was appropriate for both frontal and lateral impacts.

At the Twenty-Third Stapp Car Crash Conference, new head rotation
experiments were reported, and further experimental validations of the
Ward brain model were presented. Gennarelli, Abel, et al. (1979)45
subjected monkeys to rotational head accelerations and found the
threshold for frontal lobe contusion to be less than that for the

temporal lobe. The authors attributed this finding to differences in
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mechanical input to the two regions rather than to differences in tissue
properties.

Nahum, Smith, et al. (1979)46 presented results of impacts to
helmeted, human cadavers, finding that the protective device prevented
high-magnitude, short-duration intracranial pressures for the first 8
ms. Positive posterior pressures, which seemed to be unique to
helmeted-head impacts, developed after 8 ms and were not computed by the
model.

Recognizing the fact that head impact tolerance of living humans
would never be experimentally measured to the injurious level, Nusholtz,
Melvin, and Alem (1979)47 compared the head impact response of live and
post-mortem monkeys and related the results to the earlier cadaver tests
of Stalnaker, et al. (1977)42. Differences in acceleratiop- and
pressure-time histories were found between the live and unpressurized
post-mortem states, the latter resulting in lower peaks and smoother
waveforms. Comparisons with the human cadaver tests were complicated by
differences in head size and head/neck muscle structure. The authors
found, however, that by changing the data parameters from time to path
arc length, the head response waveforms for monkeys and humans could be
made more congruent.

The epidural pressures measured above were compared to predictions
of the Ward model, adjusted for monkey head mass and geometry. The
results, reported by Nusholtz, Axelrod, et al. (1979)48, indicated
significant differences between the live and post-mortem brain responses
in terms of response time and magnitude, damping, compressibility, and

coupling effects between the brain and cervical cord. The authors
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suggested that further tests and simulations of the impact response of
pressurized post-mortem monkeys were needed.

From time to time, Ward has made comparisons between the validated
injury predictions of her model and those of the HIC and found the
latter index to be unreliable. These comparisons will appear in a paper

to be presented at the Twenty-Fourth Stapp Car Crash Conference in 1980.

5.0 Conclusions

Those who know the history and/or participated in the development
of the Head Injury Criterion are the first to acknowledge its
weaknesses: it was based on sparse experimental data, it is not
actually a measure of injury, and it does not necessarily correspond to
injuries produced under controlled laboratory conditions. Add to this
the fact that the Part 572 Dummy, the test device used to produce the
data with which the HIC is calculated, claims only to have repeatability
and not biofidelity. Under certain impact conditions, the dummy head,
because of its stiffness, produces higher accelerations than should be
expected. The question then arises, just what is being measured?

It seems unlikely, however, that NHTSA will exchange the HIC for
another index in the near future. Part of the reason for a reluctance
to change may be that there is no other completely validated injury
prediction tool available. Even though experimental techniques have
been refined so that new and better measurements can be made, data
analysis methods have been devised to deal with surrogate subjects, and
mathematical models have been developed that incorporate the mechanical
properties and responses measured in the laboratory, sufficient
laboratory head impact research with human cadavers or with animals has

not yet been done, and very little is currently being conducted.
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Notwithstanding the advent of automatic restraint systems, the head
will remain a critical area to deal with in any occupant protection
system. Not only will there continue to be head impacts with various
interior structures, but the effect of new systems on non-contact head
accelerations must not be neglected. Proven laboratory techniques are
currently available that can provide for significant progress toward
meaningful understanding of human brain injury under impact conditions.
In addition to techniques of subject preparation and parameter
measurement, a variety of sophisticated methods of analysis have been
created and tested. Research should be carried out during the next few
years that would pursue a number of these techniques. Lateral impact
studies and investigations into the relative influence of subject-to-
subject parameter variability should also be conducted.

The question of the relative roles of pressure and shear strain
seems answerable, at least for midplane impacts, and it is reasonable to
believe that the variable relationship found between actual injury and
HIC values can be explained to some extent. An evolutionary type of
injury criteria for the head should then result, that can change as our
knowledge and understanding changes. The utility of the HIC as a
reasonable tqol for regulation would not be seriously threatened by such
research, while the conditions for survival under impact loading of the

head would be better understood.
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Appendix A: Federal Register Excerpts

[1] 31 FR 15212, December 3, 1966.
FMVSS 201, proposal; Docket 3, Notice 1.
Occupant Protection in Interior Impact--Passenger Cars

S3.1 Instrument panels. Except as provided in S3.1.1, when that
area of the instrument panel that is within the head impact area,
unrestrained child impact area, or knee and leg impact area is impacted
by a 15 pound, 6.5-inch-diameter head form at a relative velocity of 15
miles per hour--

(a) The deceleration of the head form shall not exceed 80g for 1.0
millisecond or more; and,

(b) The pressure in the area of contact shall not exceed 100
poSoi-

S3.1.1 The requirements of S3.1 do not apply to areas--

(a) Less than 5 inches inboard from the juncture of the instrument
panel attachment to the body side inner structure; and,

(b) Closer to the windshield juncture than those contactable by
the head form with the windshield in place.

[2] 32 FR 2408, February 3, 1967.
FMVSS 201, rule; Docket 3.
Occupant Protection in Interior Impact--Passenger Cars

S3.1. Instrument panels. Except as provided in S$3.1.l1, when that
area of the instrument panel that is within the head impact area or knee
and leg impact area is impacted by a 15 pound, 6.5 inch diameter head
form at a relative velocity of 15 miles per hour, the deceleration of
the head form shall not exceed 80g for 1.0 millisecond.

S3.1.1 The requirements of S3.1 do not apply to areas--

(a) Less than 5 inches inboard from the juncture of the instrument
panel attachment to the body side inner
structure; or,

(b) Closer to the windshield juncture than those contactable by
the head form with the windshield in place.

e o o
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S3.2 Seat backs. Except as provided in $3.2.1, when that area of
the seat back that is within the head impact area or knee and leg impact
area is impacted by a 15 pound, 6.5 inch diameter head form at a
relative velocity of 15 miles per hour, the deceleration of the head
form shall not exceed 80g for 1.0 millisecond or more.

[3] 32 FR 11776, August 16, 1967.
FMVSS 201, rule; Docket 19.
Occupant Protection in Interior Impact, Passenger Cars
and Related Definitions

After review of the evidence presented at the hearings ordered by
the Federal Highway Administration, the report of the presiding officer,
and the Bureau’s analysis of the engineering meetings with the industry,
I have determined that Standard 201 issued January 31, 1967, should be
superseded by a new Standard that specifies initial requirements to
afford impact protection for occupants and that certain related
definitions should be amended accordingly.

In 255.3(b):

3. Revise the definition of '"head impact area" to read as follows:
"Head impact area" means all non-glazed surfaces of the interior of a
vehicle that are statically contactable by a 6.5-inch diameter spherical
head form of a measuring device having a pivot point to "top-of-hand"
dimension infinitely adjustable from 29 to 33 inches in accordance with
.the following procedure, or its graphic equivalent:

(a) At each designated seating position, place the pivot point of
the measuring device--

(1) For seats that are adjustable fore and aft, at--
(i) The seating reference point; and
(ii) A point 5 inches horizontally forward of the seating
reference point and vertically above the seating reference
point an amount equal to the rise which results from a 5-inch
forward adjustment of the seat or 0.75 inch; and

(2) For seats that are not adjustable fore and aft, at the seating
reference point.

(b) With the pivot point to "top-of-hand" dimension at each value
allowed by the device and the interior dimensions of the vehicle,
determine all contact points above the lower windshield glass line and
forward of the seating reference point.

(c) With the head form at each contact point, and with the device
in a vertical position if no contact point exists for a particular
adjusted length, pivot the measuring device forward and downward through
all arcs in vertical planes to 90 degrees each side of the vertical
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longitudinal plane through the seating reference point, until the head
form contacts an interior surface or until it is tangent to a horizontal
plane 1 inch above the seating reference point, whichever occurs first.

e e o

S3. Requirements--S3.1 Instrument Panels. Except as provided in
S3.1.1, when that area of the instrument panel that is within the-head
impact area is impacted in accordance with S3.1.2 by a 15-pound, 6.5-
inch diameter head form at a relative velocity of 15 miles per hour, the
deceleration of the head form shall not exceed 80 g continuously for
more than 3 milliseconds.

S3.1.1 The requirements of S3.1 do not apply to--
(a) Console assemblies;

(b) Areas less than 5 inches inboard from the juncture of the
instrument panel attachment to the body side inner structure;

. (c) Areas closer to the windshield juncture than those statically
contactable by the head form with the windshield in place.

(d) Areas outboard of any point of tangency on the instrument
panel of a 6.5-inch diameter head form tangent to and inboard of a
vertical longitudinal plane tangent to the inboard edge of the steering
wheel; or

(e) Areas below any point at which a vertical line is tangent to
the rearmost surface of the panel.

S3.2 Seatbacks. Except as provided in S$3.2.1, when that area of
the seat back that is within the head impact area is impacted in
accordance with $3.2.2 by a 15-pound, 6.5-inch diameter head form at a
relative velocity of 15 miles per hour, the deceleration of the head
form shall not exceed 80 g continuously for more than 3 milliseconds.

[4] 32 FR 14278, October 14, 1967.
FMVSS 201, proposal; Docket 2-1.
Occupant Protection in Interior Impact--Passenger Cars

e o o

Standard No. 201, issued August 11, 1967 (32 F.R. 11776), specifies
initial requirements for instrument panels, seat backs, sun visors, and
armrests to afford impact protection for occupants. The Administrator
is considering extending the requirements to include additional areas of
protection and to increase the level of this protection. Specifically
being considered are appropriate requirements for the following:
protrusions, windshield header area, "A" and "B" pillars, sun visors and
mountings, rearview mirrors and mountings, roofs, instrument panels,
consoles, and seat backs.
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Comments are also requested regarding the need for specifying more
stringent impact deceleration-time requirements or higher impact test
velocities or both.

[5] 33 FR 5120, March 26, 1970.
FMVSS 213, rule.
Child Seating Systems

e« o o

S$4.10 Impact protection.

S4.10.1 Head. Any rigid component of a child seating system that
during forward, right-side, left-side, or rearward impact, may contact
the head of a child within the weight and height range recommended in
accordance with S4.1(h) who is positioned in the system in accordance
with the instructions required by S4.2 shall--

(a) have no corner or edge with a radius of less than three-~fourth
inch; and

(b) be covered with deformable, non-recovery or slow-recovery
energy-absorbing material having a thickness of at least one-half inch.

[6] 35 FR 7187, May 7, 1970.
FMVSS 208, proposal; Docket 69-7, Notice 4.
Occupant Crash Protection; Passenger Cars,
Multipurpose Passenger Vehicles, Trucks and Buses

On July 2, 1969, an advance notice of proposed rule making was
issued (34 F.R. 11148), requesting comments on systems, including
inflatable restraint systems, for crash protection of vehicle occupants
that require no voluntary action on their part.

The purpose of this notice is to propose a motor vehicle safety standard
for Occupant Crash Protection, which would specify performance
requirements for protection of vehicle occupants in crashes both by
systems that do and those that do not require voluntary action. The
proposed standard would replace the existing Standard No. 208, Seat Belt
Installations.

The proposed standard establishes basic injury criteria with
reference to an anthropometric dummy, expressed in terms of maximum
forces and pressures on critical parts of the body. It would require
passenger cars manufactured on or after January 1, 1972, to meet these
criteria with dummies placed at each designated seating position, in a
frontal fixed barrier crash at 30 miles per hour. Since it appears that
some manufacturers will be unable to meet these requirements by that
date with systems that are purely passive, because of inadequate
supplies of such systems, passenger cars manufactured during calendar
year 1972 would be permitted to meet the criteria with advanced systems,
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such as vehicle-sensitive 3=-point belts, that do require action by the
occupants. On or after January 1, 1973, passenger cars would be
required to meet the frontal crash test, and in addition a lateral
impact test and a rollover test, by means requiring no action by vehicle
occupants.

The anthropometric dummy is an important part of the test
requirements of the proposed standard. The specifications of SAE
Recommended Practice J963, "Anthropometric Test Device for Dynamic
Testing," are employed for the purposes of this proposal. It is
recognized that these specifications, evidently the most complete set
available at this time, may not provide totally reproducible results in
testing vehicle performance. Further work on this subject is in
progress, and comments are specificaly requested on any changes that
should be made.

S4. Occupant protection requirements.

S4.1 Frontal barrier crash. When the vehicle impacts a fixed
collision barrier perpendicularly or at any angle up to 30 degrees from
the perpendicular in either direction, while moving longitudinally
forward at any speed up to 30 miles per hour, it shall meet the injury
criteria of S4.4, under the conditions of S6.

S4.2 Lateral barrier crash. When the vehicle impacts a fixed
collision barrier perpendicularly, while moving laterally at 15 miles
per hour, it shall meet the injury criteria of S4.4, under the
conditions of S6 except that all adjustable vehicle windows are fully
open.

S4.3 Rollover. When the vehicle is subjected to 2 complete
rollovers on level ground from a forward speed between 30 and 60 miles
per hour, under the conditions of S6 except that all adjustable vehicle
windows are fully open, no anthropometric test device shall be ejected
from the passenger compartment.

S4.4 Injury criteria. The following injury criteria apply to each
anthropometric test device placed in a designated seating position of
the vehicle under the conditions of S6.

S4.4.1 The device shall not be ejected from the vehicle passenger
compartment.

S4.4.2 The resultant head acceleration shall not exceed 80 g for
any continuous period of more than 3 milliseconds.

[71 35 FR 14941, September 25, 1970.
FMVSS 208, Docket 69~7, Notice 6.
Occupant Crash Protection, Passenger Cars, Multipurpose
Passenger Vehicles, Trucks, and Buses
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The purpose of this notice is to propose requirements for occupant
crash protection for vehicles manufactured on or after Jauary 1, 1972.
A previous notice published on May 7, 1970 (35 F. R. 7187) proposed
requirements for both "passive" crash protection and for interim
"active" systems, and a public meeting was held on June 24 and 25, 1970,
to discuss the contents of that proposed standard. On the basis of
comments and information received since the earlier notice, this notice
proposes modified requirements for the interim systems effective January
1, 1972.

e e o

Under this proposed standard, manufacturers of passenger cars would
be given three options under which they could provide occupant crash
protection in vehicles manufactured on or after January 1, 1972.

The first option would be a passive protection system that requires
no action by vehicle occupants. A variety of systems may be used to
meet this requirement, among which are passive cushioning of the vehicle
interior, self-fastening belt systems, crash deployed nets, "blankets,"
and air bags.

The second option would require a Type 1 lap belt in all positions,
and would either (1) be tested by a 30-m.p.h. barrier crash with
anthropometric dummies restrained by lap belts in the front outboard
seating positions, with the same injury criteria as the passive system;
or (2) conform to the updated requirements proposed in the notices of
proposed amendment to Motor Vehicle Safety Standards No. 201 and 203 (35
F.R. 14936, 35 F.R. 14940).

The third option would be an improved combination of lap-and-
shoulder belt system in the front outboard seating positions, with lap
belts in other positions. The front outboard systems would be tested by
a 30-m.p.h. crash in which belt systems, used with test dummies, would
be required to remain intact.

Several comments were received concerning the injury criteria
specified for passive systems. Most commenters felt that the force and
pressure measurements specified were beyond the state of the art. It
has been determined that an adequate measurement of injury can be made
in terms of head acceleration, chest acceleration, and the force
transmitted through each femur, and values for each of these injury
criteria are specified in this notice.

S3.1 First option--passive protection system. When the vehicle
perpendicularly impacts a fixed collision barrier, while moving
longitudinally forward at any speed up to 30 m.p.h., it shall meet the
injury criteria of S5, under the test conditions of S4 using
unrestrained anthropomorphic test devices, by means that require no
action by vehicle occupants.

S3.2 Second option--combination system. The vehicle shall--
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(d) Meet either--

(1) The injury criteria of S5, under the test conditions of S4
with anthropomorphic test devices at each front outboard position
restrained only by Type 1 seat belt assemblies, when the vehicle
perpendicularly impacts a fixed collision barrier while moving
longitudinally forward at any speed up to 30 m.p.h.; or

(2) The requirements proposed, as an amendment to Standard No. 201
(35 F.R. 14936) for the windshield header, the A-pillar, and Zones 1, 2,
3, and 4; and the requirements proposed, as an amendment to Standard
No. 203 (35 F.R. 14940) for the steering control assembly.

S3.3 Third option--belt system. The vehicle shall--

(a) Except in convertibles and open-body type vehicles, have a Type
2 seat belt assembly, with either an integral or detachable upper torso
portion, at each front outboard seating position, that conforms to
Standard No. 209 and S3.4 and S3.5 of this standard;

(b) Have a seat belt warning system at each front outboard seating
position that conforms to S3.6;

(c) Have either a Type 1 or a Type 2 seat belt assembly that
conforms to S3.4 and S3.5 at all designated seating positions, and other
than those specified in S3.3 (a); and

(d) When the vehicle perpendicularly impacts a fixed collision
barrier, while moving longitudinally forward at any speed up to 30
m. p. h., under the test conditions of S4 with anthropomorphic test
devices at each front outboard position restrained by Type 2 seat belt
assemblies, experience no complete separation of any element of a seat
belt assembly.

S5. Injury criteria. When testing conformity to S3.1 or
$3.2(d)(l), the following injury criteria shall apply to each
anthropomorphic test device placed in the required designated seating
positions of the vehicle, under the conditions of S4.

S5.1 No portion of the test devices shall protrude beyond the
boundaries of the vehicle passenger compartment.

S5.2 The resultant head acceleration shall not exceed 90 g , and
shall not exceed 67 g for a cumulative duration of more than 2
milliseconds.

S5.3 The resultant chest acceleration shall not exceed 40 g for a
cumulative duration of more than 2 milliseconds.

S5.4 The axial force transmitted to the pelvis through each femure
shall not exceed 1,400 pounds.
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[8] 35 FR 14936, September 25, 1970.
FMVSS 201, proposal; Docket 2-1, Notice 2.
Occupant Protection in Interior Impact

Standard No. 201 presently requires instrument panels and seat
backs to afford occupants a certain measure of impact protection in a
crash. This notice proposes to increase that protection by enlarging
the surface area subject to the standard’s requirements, by lowering the
permissible decelerations, by increasing the test velocity in some
areas, by requiring extensive use of force-distributing material, and by
setting limitations on protruding surfaces within specified areas.

In place of present references to instrument panels and seat backs,
six impact zones are established and defined. In addition to the areas
included in the present standard, the zones include a larger portion of
the seat back area, the lower surface of the instrument panel on the
passenger’s side, and the upper surface and part of the lower surface of
the instrument panel on the driver’s side.

It is proposed to test two of these zones--the upper surface of the
passenger’s side of the instrument panel, and the top of the seat back--
at 25 m.p.h., and to test the remaining zones at 15 m.p.h. For any
zone, the deceleration would not exceed 67 g for a cumulative duration
of more than 3 milliseconds nor exceed 90 g for a cumulative duration of
more than 1 millisecond, a restriction on the shape of the deceleration
curve not found in the existing standard.

This notice proposes to require force-distributing material on the
door pillars, roof interiors, and windshield headers, in addition to
altering the requirements presently applicable to sun visors and arm
rests. In places where padding is not required, as on door latch
releases and window and other controls, the notice proposes surface area
and minimum diameter requirements to lessen the hazard to occupants.

Within the impact zones, the notice proposes to prohibit protruding
surfaces that can penetrate a specified head form more than 0.375 inch
under a 90-pound load. It is proposed that protruding surfaces on the
roof interior, console, or seat backs must also meet specified safety
requirements.

S4.1 Impact zones.

S4.1.1 When any point in the area of the motor vehicle interior in
impact zones 1, 2, 5, or 6, as specified in S4.1.6 and Figure 1, or any
point on a console assembly not in a zone, is impacted by a rigid, 6.5-
inch diameter, 15-pound spherical head form with its leading point
traveling in a direction normal to the surface at the velocity specified
below, the deceleration of the head form shall not exceed 67 g for a
cumulative duration of more than 3 milliseconds, and shall not exceed 90
g for a cumulative duration of more than 1 millisecond, when measured at
frequencies between 0.5 and 1,000 cycles per second.

(1) For impact zone 1, at 25 miles per hour;

(2) For impact zone 2, at 15 miles per hour;

(3) For impact zone 5, at 15 miles per hour;
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(4) For impact zone 6, at 25 miles per hour;
(5) For any part of a console assembly not within an impact zone,
at 15 miles per hour.

S4.1.4 The contactable surface of impact zones 1 and 2 shall be
covered with force-distributing material having a thickness of at least
1.5 inches and meeting the requirements of S&4.2.

(a) Impact zone 1l is the area of the instrument panel between the
passenger’s windshield pillar reference plane and the steering wheel
plane, and forward of the instrument panel contour line up to and
including the rearmost contactable surface rearward of the juncture of
the panel and the windshield.

(b) Impact zone 2 is the area of the instrument panel between the
driver’s windshield pillar reference plane and the steering wheel
reference plane, and forward of the instrument panel contour line up to
and including the rearmost contactable surface rearward of the juncture
of the panel and the windshield.

(e) Impact zone 5 is the area of each seat back, excluding the
seat back of a rearmost, side-facing, back-to-back, folding auxiliary
jump, or temporary seat, inboard of its seat back reference plane or
planes, that is below the seat back contour line and above a horizontal
plane passing through the seat back at a point 10 inches vertically
above the seating point.

(f) Impact zone 6 is the area of the seat back, including head
restraints in their highest design adjustment position but excluding the
seat back of a rearmost, side-facing, back-to-back, folding auxiliary
jump, or temporary seat, inboard of its seat back reference plane or
planes, and above and forward of the seat back contour line.

[9] 35 FR 16927, November 3, 1970.
FMVSS 208, rule; Docket 69-7, Notice 7.
Occupant Crash Protection in Passenger Cars, Multipurpose Passenger
Vehicles, Trucks, and Buses

The purpose of this amendment to Standard 208 is to specify
occupant crash protection requirements for passenger cars, multi-purpose
passenger vehicles, trucks, and buses, manufactured on or after July 1,
1973, with additional requirements coming into effect for certain of
those vehicles manufactured on or after July 1, 1974.

The notice of proposed rulemaking published on September 25, 1970
(35 F.R. 14941), proposed injury criteria that are modified from the May
7 notice. These criteria would limit head accelerations to 67 g except
for cumulative periods of 3 milliseconds with a maximum of 90 g, limit
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chest accelerations to 40 g, except for cumulative periods of 2
milliseconds, and limit the axial force through each upper leg to 1,400
pounds. Comments to the May 7 and the September 25 notices varied
widely in their recommendations. Some advocated the use of severity
indices, while others disputed the methods or the quantitative levels of
the indices. The levels proposed in the September 25 notice are adopted
in this standard, with the head acceleration changed from 67 g to 70 g,
as the best available criteria for the quantities measured.
Consideration will be given to adoption of a severity index or other
criteria as further research results become known. Research results and
comments related to the problem indicate, however, that human tolerances
for lateral accelerations on the head and chest are significantly lower
than for forward ones, and the separate notice issued today (35
F.R. 16937) proposes additional injury criteria with respect to the
lateral component of head and chest accelerations.

On consideration of all available data, it has been determined that
dummies conforming to the SAE specifications are the most complete and
satisfactory ones presently available. More complete specification have
been added for the configuration of the pelvis, the positioning of the
dummies in the vehicle, and the instrumentation techniques. The
positioning of instrumentation within the dummies is specified to insure
more consistent and repeatable results. A requirement that acceleration
data be filtered to exclude frequencies higher than 250 cycles per
second has been added, in response to several comments, to eliminate
sharp spikes due to electronic noise and dummy resonance that are not
considered significant with respect to injury.

[10] 35 FR 16937, November 3, 1970.
FMVSS 208, proposal; Docket 69-7, Notice 8.
Occupant Crash Protection In Passenger Cars,
Multipurpose Passenger Vehicles, Trucks, and Buses

The purpose of this notice is to propose amendments to the revised
Motor Vehicle Safety Standard No. 208, Occupant Crash Protection, issued
today (35 F.R. 16926), that would add additional injury criteria for
lateral acceleration of the head and chest, specify test conditions for
the lateral moving barrier crash test and the rollover test, omit the
exception of openbody type vehicles from the rollover requirement that
was proposed in the notice of May 7, 1970 (35 F.R. 7187), and establish
a minimum vehicle speed for actuation of crash-deployed protection
systems.

The standard as issued provides that the resultant accelerations of
the head of an anthropomorphic test device in the specified crashes
shall not be more than 70 g, except for a cumulative duration of 3
milliseconds, with an absolute maximum of 90 g.

Biomechanical studies indicate that the lateral acceleration
tolerance of the head and chest are significantly less than the frontal
acceleration tolerance. It is accordingly proposed that in addition to
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the criteria described above for resulant accelerations, a requirement
be added limiting the lateral component of head accelerations to 40 g,
except for a cumulative period of 3 milliseconds.

A moving barrier test is proposed in place of the fixed barrier
collision. The moving barrier speed is set at 20 m.p.h., a speed
calculated to approximate the impact of a l5-mile-per-hour fixed barrier
impact, or a 30-mile-per-hour car-to=-car collision.

This notice proposes a procedure for rollover testing whereby the
vehicle is launched transversely with a specified deceleration pulse
from a raised carriage-type platform onto a concrete surface.

o o o

To avoid variable results from collisions between dummies, the
standard provides that dummies are to be positioned only in the outboard
positions on the side of the impact, for the lateral impact test, and
only in the outboard positions on the lower side of the vehicles as
mounted on the test platform, for the rollover test.

A final proposed amendment concerns the minimum vehicle speed for
deployment of crash-deployed systems. Comments on the May 7 notice and
other information indicate that fixed energy-absorption materials are
capable of meeting the occupant protection requirements at low speeds.
It is therefore proposed to raise the minimum deployment speed for
crash-deployed systems to 15 miles per hour. It is proposed to retain
the requirement that the minimum deployment speed be applicable at any
angle of impact, since presently available sensors can provide the
necessary directional-velocity discrimination, and it is important that
crash-deployed systems do not deploy except in crash situations for
which they are designed.

[11] 36 FR 2815, February 10, 1971.
FMVSS 208, notice.
Occupant Crash Protection, Notice of 1972 Requirements

This notice is issued as advance public information, for the
purpose of informing motor vehicle manufacturers of the main highlights
of the Occupant Crash Protection standard (No. 208) that will apply to
passenger cars beginning January 1, 1972, to enable them to initiate
preparation for production with minimum loss of the remaining leadtime.
The features of the standard set forth herein represent final decisions
with respect to the standard, which is presently being prepared for
issuance in the near future.

Passenger cars, at each designated seating position, must meet at
least one of three sets of requirements, or options, as follows:

First Option--Complete Passive Protection System
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1. The vehicle shall provide passive protection in frontal fixed
barrier crash tests up to 30 m.p.h., and up to 30 degrees to either side
of the perpendicular, and in lateral and rollover crash tests. Seat
belts are not required, and except for the completely passive type belt
system, may not be used for testing.

2. The test dummy is as described in SAE J963, with
instrumentation as described in SAE J211.

3. The injury criteria are (a) a maximum head severity index of
1,000, calculated according to SAE J885a, (b) a maximum chest
acceleration of 60g, except for periods with cumulative duration of not
more than 3 milliseconds, and (c) a maximum upper leg force of 1,400

pounds.

Second Option--Lap Belt Protection System with Belt Warning

4. For front outboard seats, the vehicles shall meet a
perpendicular 30 m.p.h. fixed barrier crash test with instrumented test
dummies and injury criteria as described in the first option, but with
the dummies lap-belted. No shoulderbelt is required, and even if
furnished is not used for testing under this option.

e o o

Third Option--Lap and Shoulder Belt Protection System with
Belt Warning

1. The vehicle shall provide a lap and shoulder belt assembly for
the front outboard seats, and lap belts at the other seating positions.

2. A belt warning system as described above is required for the
lap-belt portions of the front outboard seating positions. Requirements
for lap-belt retractors, method of release, and for ranges of adjustment
are the same as in the second option.

3. The lap and shoulder belts in the front outboard positions are
tested with dummies in a perpendicular 30-m.p.h. fixed barrier crash,
with the requirement that there be no structural failures of the
restraint system.

[12] 36 FR 4600, March 10, 1971.
~ FMVSS 208, rule; Docket 69-7, Notice 9.
Occupant Crash Protection in Passenger Cars,
Multipurpose Passenger Vehicles, Trucks, and Buses

The purpose of this amendment to Standard No. 208, 49 CFR 571.21,
is to specify occupant crash protection require-ments for passenger
cars, multipurpose passenger vehicles, trucks, and buses manufactured on
or after January 1, 1972, with additional requirements coming into
effect for certain of those vehicles on August 15, 1973, August 15,
1975, and August 15, 1977. The requirements effective for the period
beginning on January 1, 1972, were the subject of a notice of proposed
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rulemaking published September 25, 1970 (35 F.R. 14941), and appear
today for the first time in the form of a rule. The requirements for
subsequent periods were issued in rule form on November 3, 1970 (35
F.R. 16927), and are reissued today in amended form as the result of
petitions for reconsideration.

The standard establishes quantitative criteria for occupant injury,
as determined by use of anthropomorphic test devices. For the head, the
criterion is a severity index of 1,000, calculated according to SAE
Information Report J885a.

On January 1, 1972, a passenger car will be required to provide one
of three options for occupant protection: (1) Passive protection system
that meets the above injury criteria in all impact modes at all seating
positions; (2) lap belts at all positions, with a requirement that the
front outboard positions meet the injury criteria with lap-belted
dummies in a 30-m.p.h. barrier crash without belt or anchorage failure,
and lap belts in other positions.

On August 15, 1973, a passenger car will be required to provide one
of two options for occupant protection: (1) Passive protection that
meets the injury criteria in all impact modes at all seating positions;
or (2) a system that provides passive protection for the front positions
in a perpendicular frontal fixed barrier crash, that includes lap belts
at all seating positions such that the injury criteria are met at the
front positions both with and without lap belts fastened in a
perpendicular frontal fixed barrier crash, and that has a seat belt
warning system at the front outboard positions.

On and after August 15, 1975, a passenger car will be required to
meet the injury criteria in all impact modes at all seating positions by
passive means.

The third option proposed in the September 25 notice has been adopted
with some changes. It consists of an improved combination of lap and
shoulder belts in the front outboard seating positions, with lap belts
in other positions. The belts and anchorages at the front outboard
positions must be capable of restraining a dummy in a 30-m.p.h. frontal
perpendicular impact without separation of the belts or their
anchorages.

e o o

The date on which a passenger car must provide passive means of
meeting the injury criteria in a side impact is changed to August 15,
1975, to reflect the greater leadtime needed to develop such passive
systems. To provide uniform phasing, and allow time for development of
passive protection in the angular-impact and rollover modes, the
effective dates for these requirements is also set at August 15, 1975.
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Thus, after August 15, 1975, each passenger car must meet the crash
protection requirements at each seating position in all impact modes by
means that require no action by vehicle occupants.

A number of petitions objected to the requirement for a minimum
speed below which a crash-developed system may not deploy. Upon
consideration of the petition, it has been determined that it is
preferable to allow manufacturers freedom in the design of their
protective systems at all speeds, and this requirement is hereby deleted
from the standard.

The injury criteria specified in the November 3 amendment were the
subject of numerous petitions. The basic objections to the head injury
criteria were that the 70g-3-millisecond requirement was too
conservative, with respect to both acceleration levels and time factors.
Review of these objections and a reevaluation of the information
available to the Administration leads to the conclusion that the head
injury criteria can be more appropriately based on the severity index
described in the Society of Automotive Engineers Information Report
J885a, June 1966. Accordingly, the standard adopts as the criterion for
head injury a severity index of 1,000 calculated by the method in the
SAE report.

The use of the anthropomorphic test device described in SAE J963
was objected to by several petitioners, on the grounds that further
specifications are needed to ensure repeatability of test results. The
Administration finds no sufficient reason to alter its conclusion that
the SAE specification is the best available. The NHTSA is sponsoring
further research and examining all available data, however, with a view
to issuance of further specifications for these devices.

[13] 36 FR 19254, October 1, 1971.
FMVSS 208, rule; Docket 69-7, notice 12.
Occupant Crash Protection for Passenger Cars, Multipurpose
Passenger Vehicles, Trucks, and Buses

The purpose of this notice 1is to respond to petitions filed
pursuant to Part 553.35 of Title 49, Code of Federal Regulations,
requesting reconsideration of Motor Vehicle Safety Standard No. 208,
Occupant Crash Protection (49 CFR 571.21), published on March 10, 1971
(36 F.R. 4600).

The use of the severity index of 1000 as the criterion for head
injury was objected to as too stringent, and a more lenient index
requested. Considering the present state of the art in head injury
measurement, it has been determined that a Severity Index of 1000 is the
most acceptable criterion at this time, and it has therefore been
retained.



Several petitioners noted that the requirements for anthropomorphic
test devices specified in the standard, mainly those set forth in SAE
Recommended Practice J963, do not completely define all the
characteristics of the dummies that may be relevant to their (and the
vehichle’s) performance in a crash test. The NHTSA considers the
comment valid. It would actually be difficult, if not impossible, to
describe the test dummy in performance terms with such specificity that
every dummy that could be built to the specifications would perform
identically under similar conditions. Of course, since the dummy is
merely a test instrument and not an item of regulated equipment, it is
not necessary to describe it in performance terms; its design could
legally be "frozen" by detailed, blueprint-type drawings and complete
equipment specifications. Such an action does not, however, appear to
be desirable at this time. Considerable development work is in process
under various auspices to refine the dynamic characteristics of
anthropomorphic devices, to determine which designs are most
practicable, offer the most useful results, and best simulate the
critical characteristics of the human body. The NHTSA is monitoring
this work (and sponsoring some of it), and intends to propose amendments
of the standard in accordance with it to add more detailed performance
and descriptive specifications for the test dummies, although no changes
are being made in that respect by this notice.

[14] 36 FR 19266, October 1, 1971.
FMVSS 208, proposal; Docket 69-7, Notice 13.
Occupant Crash Protection in Passenger Cars

In response to requests by several manufacturers for a delay in the
date by which passive protection must be provided in passenger cars, for
the reasons discussed in the notice of action on the petitions, it is
hereby proposed that a third option be allowed for the period from
August 15, 1973, to August 15, 1975.

(7) All belts would be required to conform to Standard No. 209;
the front outboard belts, whether lap belts or nondetachable lap and
shoulder belt combinations, would have to meet the injury criteria of
the standard when tested with dummies in a 30-m.p.h. frontal barrier
crash; and the lap belts in the front center position (if any) must
remain intact in the same crash test. Although a detachable shoulder
belt is not prohibited at the front outboard positions, an assembly with
a detachable shoulder belt would have to meet the injury criteria with
the lap belt alone.

S4.1.2 Passenger cars manufactured from August 15, 1973 to August
14, 1975.

S4.1.2.3 Third option--lap and shoulder belt protection system
with ignition interlock and belt warning.

¢« o o
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(d) At each front outboard designated seating position meet the
frontal crash position requirements of S5.1, in a perpendicular impact,
with the test device restrained by a Type 1 seatbelt assembly or a Type
2 seatbelt assembly with a nondetachable upper torso portion; and

(e) When it perpendicularly impacts a fixed collision barrier,
while moving longitudinally forward at any speed up to and including 30
m.p.h., under the test conditions of S8.1, with an anthropomorphic test
device at any front-center seating position restrained by a Type 1 or
Type 2 seatbelt assembly, experience no complete separation of any load-
bearing element of the seatbelt assembly or anchorage.

[15] 36 FR 3911, February 24, 1972.
FMVSS 208, rule; Docket 69-7, Notice 16.
Occupant Crash Protection

The purpose of this notice is to amend Standard No. 208, Occupant
Crash Protection, as proposed September 29, 1971 (36 F.R. 19266, October
1, 1971) with respect to the occupant protection options available
between August 15, 1975. The amendments proposed on September 29 are
adopted essentially as proposed, with minor modifications.

The notice proposed a third occupant protection option (S4.1.2.3)
for passenger cars manufactured between August 15, 1973 and August 15,
1975. The salient feature of the new option was the use of seat belts
equipped with an ignition system that would prevent the engine from
starting if any front seat occupant did not have his belt fastened. The
belts at the front outboard positions would have to meet the injury
criteria of the standard in a 30-m.p.h. frontal barrier crash, and any
lap belt in the center position would have to remain intact in the same
crash. If shoulder belts were provided at the front positions, they
would have to be nondetachable and have emergency locking retractors.

4. A new section S4.1.2.3 is added, reading as follows:

S4.1.2.3 Third option--lap and shoulder belt protection system
with ignition interlock and belt warning.

(d) At each front outboard designated seating position, meet the
frontal crash protection requirements of S5.1, in a perpendicular
impact, with the test device restrained by a Type 1 seat belt assembly
or a Type 2 seat belt assembly with a nondetachable upper torso portion;
and

(e) When it perpendicularly impacts a fixed collision barrier,
while moving longitudinally forward at any speed up to and including 30
m.p.h., under the test conditions of S3.1, with an anthropomorphic test
device at any front center seating position restrained by a Type l or
Type 2 seatbelt assembly, experience no complete separation of any load-
bearing element of the seatbelt assembly or anchorage.
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[16] 37 FR 5507, March 16, 1972.
FMVSS 208, proposal; Docket 69-7, Notice 17.
Occupant Crash Protection--Head Injury Criterion

The purpose of this notice is to propose an amendment to the head
injury criterion in S6.2 of Motor Vehicle Safety Standard No. 208, Crash
Protection, 49 CFR 571.203.

The proposed criterion differs from its predecessors in that it is
based on average acceleration. Expressed verbally, the criterion is
that the resultant acceleration at the center of gravity of the head
during the crash shall be such that when the average acceleration
(expressed in g’s) during any time interval is raised to the 2.5 power
and multiplied by the length of the interval in seconds, the product
shall not exceed 1,000. In mathematical terms: The resultant
acceleration at the center of gravity of the head shall be such that the
expression:

where "a" is the resultant acceleration expressed as a multiple of "g"

(the acceleration of gravity), and "t," and "t2" are any two points in
time during the crash, shall not exceed 1,000.

The intent of the standard’s head injury criterion is to set limits
on the acceleration exposure of the head that reflect the available
biomechanical data in terms that can be satisfactorily measured by a
test dummy. The rule published November 3, 1970 (35 F.R. 16927),
specified an acceleration level of 70 g that could not be exceeded for a
cumulative duration of more than 3 milliseconds and a maximum peak
acceleration of 90 g. In the issuance of March 10, 1971 (notice 9, 36
F.R. 4600), the criterion for head injury was changed to the SAE
Severity Index system originally developed by C. W. Gadd. The Severity
Index is computed by taking the head acceleration at each instantaneous
point during the crash event, raising it to the 2.5 power and
integrating over the entire time interval. The acceptable index level
established in the standard was 1,000, on the basis of data from head
impact tolerance studies at Wayne State University and wholebody
acceleration tolerance data from A. M. Eiband.

The Severity Index format had several advantages over the earlier
criteria. It derived more closely from human data, it took into account
the effects of acceleration outside the intervals of peak acceleration,
and it had obtained a degree of acceptance in the biomechanical research
community and in the automotive industry, as evidenced by its appearance
in the SAE Handbook as Recommended Practice J885a.
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There are indications, however, that the Severity Index has some
shortcomings as a predictor of head injury. The Severity Index is an
additive measure, that is, it treaEsSthe acceleration exponentially,
multiplies by the time duration (a”’“t) and adds the resulting products
to arrive at the index number. The Severity Index is calculated on the
basis of the entire event, including the initial deceleration as the
occupant is stopped and the subsequent acceleration as he rebounds
against the seat back. This impact-rebound sequence is characteristic
of the performance of most restraint systems.

Recent data suggest that head acceleration exposure is not always
additive relative to head injury. For example, in human volunteer tests
conducted by the NHTSA at Holloman Air Force Base, the volunteers were
not injured in air bag tests at speeds up to 30 m.p.h., but the Severity
Indices calculated from the test data exceeded 1,000 in several cases,
where it was the addition of the rebound phase that produced the
excessive Severity Index. The addition of the two phases does not,
therefore, appear to be appropriate.

In considering a substitute for the whole-event Severity Index, the
NHTSA has utilized, inter alia, the original data from which the
Severity Index was derived. The Wayne State study, a direct source of
head injury (skull fracture) data, was based on "effective
acceleration,'" i.e., average acceleration. A similar procedure was
followed in the Eiband evaluation of whole-body acceleration tolerance
data from human volunteer tests. The formulation of the Severity Index
does not employ average acceleration. The new approach employs an
average acceleration formulation similar to that used in the original
presentation of injury tolerance data. It thus avoids the inappropriate
accumulation of independent subinjury exposures which is inherent in the
Severity Index.

Although the use of average acceleration avoids the additive
effects of the Severity Index, there must be limits to the period over
which the acceleration is to be averaged. Otherwise, the average can be
lowered to unreasonable levels. The proposed amendment therefore
establishes as the criterion the highest value achieved by raising the
average acceleration over any interval to the 2.5 power and multiplying
by the duration of the interval. By and large, this value will be
achieved over the interval that includes the highest acceleration peak,
which may fall in either the initial portion or the rebound portion of
the crash. Isolated peaks generally would not combine to produce a
maximum, due to the averaging effect of the lesser accelerations in
between. However, successive acceleration with sharp peaks close
together could produce a high value. Each of those results seems
appropriate from what is known of the mechanics of head injury.
Although the proposed computation would be difficult if performed by
traditional analytical methods, it is routine when performed by
electronic computer, as is commonly available to those who currently
conduct this type of testing.

It is therefore proposed that S6.2 in Motor Vehicle Safety Standard
No. 208 (49 CFR 571.208) be amended to read as follows:
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S6.2 The resulant acceleration at the center of gravity of the
head shall be such that the expression

[;;I—,T /tz a dt]z.5 (t2-1)

h

where "a" is the resultant acceleration expressed as a multiple of
(the acceleration of gravity), and "t." and "t2"
time during the crash, shall not exceed 1,000.

8
are any two points in

[17] 37 FR 10079, May 19, 1972.
FMVSS 218, proposal; Docket 72-6, Notice 1.
Motorcyle Helmets

The impact attenuation test would establish the maximum
acceleration which can be imparted during guided-fall drop tests to a
test headform on which the helmet is mounted. The requirements under
this test that would be effective March 1, 1973, are based in large part
on the American National Standard specifications for Protective Headgear
for Vehicular Users, ANSI Z90.1-1971. Each test article would be
impacted with two successive impacts on four test sites, two of which
are upon a fixed, rigid flat steel anvil and two of which are upon a
hemispherical steel anvil. During these impacts peak accelerations
experienced by the test headform and headgear combination could not
exceed 400 g. Also, accelerations would not be permitted to exceed 200
g. for a cumulative duration of more than 2 milliseconds or 150 g. for
more than 4 milliseconds.

Effective September 1, 1974, the requirements would be upgraded to
require that the impacts meet the higher performance levels of the
proposed head injury criterion of Federal Motor Vehicle Safety Standard
No. 208, Occupant Crash Protection. .

e o o

S5.1 Impact attenuation.

S5.1.1 With respect to helmets manufactured from March 1, 1973, to
August 31, 1974, when an impact attenuation test is conducted in
accordance with §7.2, all of the following requirements shall be met:

(a) Peak accelerations shall not exceed 400 g.;

(b) Accelerations in excess of 200 g. shall not exceed a
cumulative duration of 2 milliseconds; and

(c) Accelerations in excess of 150 g. shall not exceed a
cumulative duration of 4 milliseconds.
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S5.1.2 With respect to helmets manufactured on or after September
1, 1974, when an impact attenuation test is conducted in accordance with
S7.2, the resultant acceleration shall be such that the expression

1 t, 2.5
[T{T.[ odt] (t2-1)

)

where "a" is the resultant acceleration expressed as a multiple of "g"

(the acceleration of gravity), and "t," and "t," are any two points in
time during the crash, shall not not exceed 1,000.

[18] 37 FR 12393, June 23, 1972.
FMVSS 208, rule; Docket 69-7, Notice 19.
Occupant Crash Protection

The purpose of this notice is (1) to adopt the method of
calculating head injury proposed in Notice 17 of Docket 69-7 (37
F.R. 5507) as an amendment to S6.2 of Motor Vehicle Safety Standard
No. 208, Occupant Crash Protection, 49 CFR 571.203, and (2) to respond
in part to petitions for reconsideration of the amendments to the
standard published in Notice 16, February 24, 1972 (37 F.R. 3911). The
issue involving Notice 16 addressed by this notice is the applicability
of the head injury criterion of S6.2 to seat belt restraint systems.
Action on the remaining issues has been scheduled for completion not
later than July 1, 1972.

I. Calculation of head injury criterion. Some substantive
objections were raised to the proposed method of calculating the head
injury criterion. Several comments questioned the use of resultant
accelerations rather than the anterior-posterior accelerations used in
the original development of the Wayne State University tolerance curve.
Although the curve was originally based on anterior-posterior
acceleration data, its validity for resultant accelerations appears to
be confirmed by subsequent tests using resultant accelerations computed
from biaxial accelerometers. Resultant accelerations have therefore
been used in the amended criterion.

The question of the permissible level was again raised with some
commenters supporting a level of 1,500 even under the revised method of
calculation. This agency’s position is that adequate justification has
not been demonstrated for a numerical increase in the severity level,
although adjustments in the method of calculation adopted herein may
have the effect of allowing greater cumulative accelerations than would
have been allowed under the Gadd Severity Index. With a new
calculation, the higher numerical level is less supportable than before
and it is accordingly rejected. The amendment to S6.2 is adopted as
proposed.
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ITI. Applicability of the head injury criterion to seatbelt
systems. The decision to postpone the date of mandatory installation of
passive restraints until August 15, 1975, was made in consideration of
the hardship that would have been imposed on many manufacturers by a
requirement to provide passive restraints by the original date of August
15, 1973. The injury criteria of the standard, measured in a barrier
crash with instrumented dummies, were applied to belt systems as well as
passive systems that might be used to meet the requirements of the
standard, beginning August 15, 1973.

Several manufacturers have petitioned for the removal of the injury
criteria, particularly those for head injury, from the belt system
tests. Their concern arises from their test results indicating that in
many vehicles currently available belt systems either do not meet or
only marginally meet the head injury criteria. They have argued that
much, perhaps most, of the acceleration that contributes to the head
Severity Index measurement with a shoulder-belted dummy occurs as the
head flops loosely forward without striking anything in the vehicle.
Actual field collision data, they maintain, does not indicate that this
type of head movement by shoulder-belted vehicle occupants in a crash is
a serious injury-producing factor. They question the correlation
between results of the dummy tests and the actual protective
characteristics of the belt systems.

The NHTSA recognizes the uncertainty concerning the significance of
head movement by a shoulder-belted occupant whose head does not strike
the forward part of the vehicle, although it considers the present
evidence too scanty to be conclusive in either direction. It also
recognizes that the leadtime for any major design or component changes
for the 1974 models has been virtually exhausted. Recent materials
submitted to the docket indicate that presently existing inflatable
restraint systems can meet the head injury criteria with little
difficulty. The inherent limitations in lap-and-shoulder-belt systems
make it considerably more difficult for those systems to meet these
criteria, although belt systems have been found to provide protection at
moderate speeds.

For these reasons, it has been decided that a temporary
modification in the head injury measurements for belt systems 1is
justified. The amendment made by this notice in response to the
petitions affects vehicles manufactured before August 15, 1975, and
provides that measurement of head accelerations begins, for purposes of
computing the head injury criterion for belted dummies, only at the
moment at which the head strikes some portion of the vehicle other than
a belt. The measurement will thus include any contact with the
windshield or dashboard, for example, or the effects of rebound against
the seat back, but preimpact accelerations of the head will be excluded.

This agency will examine closely the accident data bearing on the
traumatic effect of nonimpactive head accelerations, as well as such
laboratory data as may be gathered, for example from cadaver studies.
Work is also in progress concerning the correlation between dummy and
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human behavior, with a view to more sophisticated instrumentation and
measurement of vehicle performance, and to continued evaluation of the
head injury criterion for the entire test crash event.

In consideration of the foregoing, paragraph S6.2 of Motor Vehicle
Safety Standard No. 208, Occuptant Crash Protection, 49 CFR 571.208, is
amended to read as follows:

$6.2 The resultant acceleration at the center of gravity of the
head shall be such that the expression:

! t 2.5
[T{T,[ adt] (t2-1)

1

n_n

shall not exceed 1,000, where "a" is the resultant acceleration
expressed as a multiple of "g" (the acceleration of gravity), and "t 6"
and "t," are any two points in time during the crash. However, in the
case of a vehicle manufactured before August 15, 1975, when the dummy is
restrained by a seat belt system, t, and t, are any two points in time
after the head contacts a part of the vehicle other than the belt
system.

[19] 37 FR 22871, October 26, 1972.
FMVSS 208, rule; Docket 69-7, Notice 23.
Occupant Crash Protection

The purpose of this notice is to reply to petitions filed pursuant
to 49 CFR 553-35 requesting reconsideration of the requirements of Motor
Vehicle Safety Standard No. 208 relating to seatbelts in vehicles
manufactured after August 15, 1973, as amended by Notices 19 and 20 of
Docket 69-7 (37 F.R. 12393; 37 F.R. 13265).

1. Seatbelts and the injury criteria of S6. The primary objection
raised by petitioners is that Notices 19 and 20 did not altogether
revoke the requirement that seatbelts used to meet the 1973 interlock
option must be capable of meeting the injury criteria of S6. Although
review of the petitions suggests that additional modification of the
head injury criterion is advisable, the NHTSA declines to grant
petitioners’ request for complete relief from the injury criteria.

Review of the petitions for reconsideration of Notice 16 showed
that belts would have difficulty meeting the full criteria. Since
leadtime was insufficient for major design changes in belts before 1973,
it was found necessary either to remove the injury criteria or modify
them so that the changes needed to enable belts to conform could be made
in 1973.

Upon review, it was concluded that the injury criteria, even in

modified form, would have the beneficial effect of regulating the
overall protection characteristics of the occupant compartment and belt
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system. Regulation of the seatbelt as a separate component, as in
Standard 209, does not insure that the belt will be installed in a
manner calculated to insulate the occupant from injurious contact with
the interior of the vehicle. It was therefore decided to retain the
injury criteria, with such modifications as seemed necessary to allow
manufacturers to conform to S4.1.2.3 by August 15, 1973.

The most significant, though by no means the only, agent of head
injury is impact with the vehicle interior. In reviewing the petitions
on Notice 16, it was decided that no interim criteria would be
acceptable that disregarded any impact-related accelerations. Notice 19
therefore amended the head injury criterion in a manner that was
intended to include all impact accelerations and to disregard the effect
of nonimpact accelerations. As several petitioners point out, however,
the amendment did not fully carry out this intent. S6.2, as amended,
would have disregarded only those accelerations occurring before the
head impacted the vehicle and would have counted all accelerations after
that point. One effect of this formula was that a glancing impact, in
itself insignificant, would cause all subsequent nonimpact accelerations
to be counted even though such accelerations would be distinguishable in
kind from the preimpact acceleration. To avoid this result, the agency
has decided to include in the calculation of the head injury criterion
only those accelerations that occur while the head is in contact with
the vehicle.

Some petitioners suggested that even while the head is touching the
vehicle, a significant part of the head’s deceleration is due to the
restraining action of the belt and not to the surface that head strikes.
Although there is undeniably more than one force that contributes to
head deceleration, the force produced by the impacted surface becomes
increasingly important as the duration of the impact increases. If the
accelerations during an impact are of such an amplitude and duration
that a HIC value of 1,000 is approached, the acceleration caused by the
belt is generaly insignificant. The criterion therefore counts all
accelerations during the impact phase.

In cosideration of the foregoing, Motor Vehicle Safety Standard
No. 208, Occupant Crash Protection, 49 CFR 571.208, is amended as
follows:

1. S6.2 is amended to read:

56.2 The resultant acceleration at the center of gravity of the
head shall be such that the expression:

1 '2 2.5
[7;:;; [ a dt] (t2-1)
1

shall not exceed 1,000, where "a" is the resulant acceleratin expressed
as a multiple of "g" (the acceleration of gravity), and "t." and "t."
are any two points in time during the crash. However, in the case of a
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passenger car manufactured before August 15, 1975, or a truck or
multipurpose passenger vehicle with a GVWR of 10,000 pounds or less
manufactured before August 15, 1977, when the dummy is restrained by a
seatbelt system, t1 and tg are any two points in time during any

interval in which the head is in continuous contact with a part of the
vehicle other than the belt system.

Effective date: August 15, 1973.

[20] 38 FR 8455, April 2, 1973.
Part 572, proposal; Docket 73-8; Notice 1.
Occupant Crash Protection--Proposed Test Dummy
Specifications.

The purpose of this notice is to propose specifications for the
test dummy to be used in testing vehicles for compliance with Motor
Vehicle Safety Standard No. 208, Occupant Crash Protection, and to
propose an amendment to Standard No. 208 incorporating the new
specification.

The dummy design that has been tentatively selected by the NHTSA,
and is hereby proposed, is a composite design using components developed
by Alderson Research Laboratories, Sierra Engineering Co., and General
Motors. This dummy design has been designated by General Motors as the
"GM Hybrid II Dummy," and has undergone extensive testing by GM. In the
judgement of the NHTSA, on the basis of information received to date and
on the basis of the agency’s own test program, it represents the most
satisfactory design that is currently commercially available.

The NHTSA is continuing to support advanced research and
development work on devices that simulate the human body. It is widely
recognized that the technology in this area is in a relatively early
stage of development. In the judgement of this agency, however, the
device proposed for use by this notice is fully adequate for the
purpose, and it is anticipated that, as finally issued, the proposed
dummy specifications will remain stable for several years.

The head proposed for the dummy is the latest in a series of
aluminum heads developed by Sierra Engineering Co. After reviewing the
impact test data of heads having a variety of designs and compositions,
the NHTSA has determined that the aluminum head is less likely to
becloud the acceleration data with its own resonances than are heads of
other materials.

The performance of the head i1s evaluated by a test in which the
head is dropped forehead first onto a steelplate. The accelerations
recorded by the accelerometers in the head must fall within specified
limits in order for the head to qualify for use in compliance test.
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The neck chosen for the dummy is made of rubber and meets the
design specification of General Motors Drawing No. 50-3. Its
performance is evaluated by a pendulum impact test, in which the motion
of the head allowed by the neck must fall within specified limits during
a controlled deceleration of the pendulum. Data from pendulum tests
conducted by Calspan Corp., indicate that the test is sensitive to
differences in design and repeatable in successive tests of the same
neck.

« e o

To reduce variances in performance caused by differences in
instrumentation location and mounting, the proposed regulation also
specified the manner in which instruments are to be located and mounted.

In light of the above, it is proposed that Chapter V of Title 49,
Code of Federal Regulations, be amended by adding a new Part 572, "Test
Dummy Specifications" as set forth below.

It is also proposed that section S8.1.8 of Standard No. 208 be
amended by substituting a reference to the Part 572 dummy for the
present reference to the SAE J963 dummy. It is further proposed that
the first and second restraint options available to manufacturers before
passive protection becomes mandatory, suspended by the Chrysler
decision, be reinstated in the standard, thereby permitting
manufacturers to elect to install passive restraint systems during that
period.

The NHTSA does not intend hereby to make the Part 572 dummy
applicable to seat belts under the third option in 1973 (S4.1.2.3).

[21] 38 FR 9830, April 20, 1973.
FMVSS 208, proposal; Docket 69-7, Notice 26.
Occupant Crash Protection--Proposed Interlock Amendments

The initial amendment proposed by this notice is the deletion of
the injury criteria as applied to belts under the interlock option in
1973. This amendment is proposed as a direct consequence of the
decision of the U.S. Court of Appeals for the Sixth Circuit in Ford
v. National Highway Traffic Safety Administration, No. 72-1179, decided
February 2, 1973. The court in Ford ruled that its earlier opinion in
Chrysler v. Volpe, Sixth Circuit, No. 71-1339 et al., decided December
5, 1973, was dispositive of the Ford petition, and therefore invalidated
those portions of the seatbelt interlock option that rely on the test
dummy for measurement of injury criteria.

Although under the court’s decisions there is no obstacle to the
imposition of injury criteria within a reasonable time after the agency
specifies a new test dummy, the recently proposed test dummy regulation
will not result in a final specification in time for manufacturers to
conduct a new series of seatbelt evaluation tests before the 1974 model
year. Accordingly, it is proposed that the paragraph requiring belts to
meet the injury criteria (S4.1.2.3.1(d)) be deleted.
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Also affected by the invalidation of the test dummy is the
requirement that the center front seatbelt restrain a dummy in a 30-mi/h
barrier test without belt breakage (S4.1.2.3.1(e)). To reinstate this
requirement for 1974 models, the agency would need to reestablish a
dummy specification in time for certification tests to be run. Present
information indicates that the breakage test requirement does not
contribute substantially to the performance of belt systems. It is
therefore proposed that the requirement be deleted.

[22] 38 FR 16072, June 20, 1973.
FMVSS 208, rule; Docket 69-7, Notice 27.
Seatbelt Interlock Requirements

As amended, therefore, S4.1.2.3.1(a) provides that at the front
outboard positions a manufacturer may install either a Type 2 seatbelt
assembly that conforms to standard No. 209, or a type l seatbelt
assembly that meets the injury criteria of S5.1. Insofar as the injury
criteria themselves are contingent upon the establishment of an adequate
method of measurement through the adoption of a new test dummy, a
manufacturer who intends to produce vehicles with type 1 belts at the
front outboard positions will have to await the adoption of the new
dummy regulation and its incorporation into the options under S4.1.2.

S4.1.2.3 Third option--lap and shoulder belt protection system
with ignition interlock and belt warning--

S4.1.2.3.1 Except for convertibles and open-body vehicles, the
vehicle shall--

(a) At each front outboard designated seating position have a
seatbelt assembly that conforms to S7.1 and S7.2 of this standard, a
seatbelt warning system that conforms to S7.3 and a belt interlock
system that conforms to S7.4. The belt assembly shall be either a type
2 seatbelt assembly with a nondetachable shoulder belt that conforms to
standard No. 209 ( 571.209), or a type l seatbelt assembly such that
with a test device restrained by the assembly the vehicle meets the
frontal crash protection requirements of S5.1 in a perpendicular impact.

(b) At any center front designated seating position, have a type 1
or type 2 seatbelt assembly that conforms to standard No. 209 ( 571.209)
and to S7.1 and S7.2 of this standard, and a seatbelt warning system
that conforms to S7.3; and

(c) At each other designated seating position, have a type 1 or
type 2 seatbelt assembly that conforms to standard No. 209 (Part
571.209) and to S7.1 and S7.2 of this standard.

[23] 38 FR 20449, August 1, 1973.
Part 572, rule; Docket 73-8, Notice 2.
Anthropomorphic Test Dummy--Occupant Crash Protection
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The purposes of this notice are (1) to adopt a regulation that
specifies a test dummy to measure the performance of vehicles in
crashes, and (2) to incorporate the dummy into Motor Vehicle Safety
Standard No. 208 (49 CFR 571.208), for the limited purpose of evaluating
vehicles with passive restraint options between August 15, 1973, and
August 15, 1975. The question of the restraint system requirements to
be in effect after August 15, 1975, is not addressed by this notice and
will be the subject of future rulemaking action.

The test dummy regulation (49 CFR Part 572) and the accompanying
amendment to Standard No. 208 were proposed in a notice published April
2, 1973 (38 FR 8455). The dummy described in the regulation is to be
used to evaluate vehicles manufactured under sections S4.1.2.1 and
S4.1.2.2, (the first and second options in the period from August 15,
1973, to August 15, 1975), and the section incorporating the dummy is
accordingly limited to those sections. The dummy has not been specified
for use with any protection systems after August 15, 1975, nor with
active belt systems under the third restraint option (S4.1.2.3). The
recent decision in Ford v. NHTSA, 473 F.2d 1241 (6th Cir. 1973), removed
the injury criteria from such systems. To make the dummy applicable to
belts under the third option, the agency would have to provide
additional notice and opportunity to comment.

The immediate purpose of this rulemaking is to reconstitute those
portions of the standard that will enable manufacturers to build passive
restraint vehicles during the period when they are optional. The test
dummy selected by the agency '"GM Hybrid II", a composite developed by
General Motors largely from commercially available components. GM had
requested NHTSA to adopt the Hybrid II on the grounds that it had been
successfully used in vehicle tests with passive restraint systems, and
was as good as, or better than, any other immediately available dummy
system. On consideration of all available evidence, the NHTSA concurs
in this judgement.

e o o

The Hybrid II dummy has been found by NHTSA to be a satisfactory
test instrument. In sled and barrier tests conducted by GM with the GM
restraint systems and in sled tests conducted by Calspan Corp. on behalf
of NHTSA, the Hybrid II has produced results that are consistent and
repeatable. This is not to say that each test at the same nominal speed
and deceleration has produced identical values.

In testing with impact sleds, and to an even greater extent with
crash-tested vehicles, the test environment itself is complex and
necessarly subject to variations that affect the results. The test data
show, however, that the variance from dummy to dummy in these tests 1is
sufficiently small that a manufacturer would have no difficulty in
deciding whether his vehicle would be likely to fail if tested by NHTSA.
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The provisions of the dummy regulation have been modified somewhat
from those proposed in the notice of proposed rulemaking, largely as a
result of comments from GM. Minor corrections have been made in the
drawings and materials specifications as a result of comments by GM and
the principal dummy suppliers. The dummy specification, as
« + o« finally adopted, reproduces the Hybrid II in each detail of its
design and provides, as a calibration check, a series of performance
criteria based on the observed performance criteria of normally
functioning Hybrid II components. The performance criteria are wholly
derivative and are intended to filter out dummy aberrations that escape
detection in the manufacturing process or that occur as a result of
impact damage. The revisions in the performance criteria, as discussed
hereafter, are intended to eliminate potential variances in the test
procedures and to hold the performance of the Hybrid II within the
narrowest possible range.

The head performance criteria are adopted as proposed.

The neck performance criteria are revised in several respects, in
keeping with GM’s recommendations.

572.6 Head.

(b) When the head is dropped from a height of 10 inches in
accordance with paragraph (c) of this section, the peak resultant
accelerations at the head’s center of gravity shall not be less than
210g, and not more than 260g. The acceleration/time curve for the test
shall be unimodal and shall lie at or above the 100g level for an
interval not less than 0.9 milliseconds and not more than 1.5
milliseconds.

[24]) 38 FR 22390, August 20, 1973.
FMVSS 218, rule; Docket 72-6, Notice 2.
Motorcycle Helmets

The purpose of this amendment to Part 571 of Title 49, Code of
Federal Regulations, is to add a new Motor Vehicle Safety Standard
No. 218, Motorcycle Helmets, 49 CFR 571.218, that establishes minimum
requirements for motorcycle helmets manufactured for use by
motorcyclists and other motor vehicle users.

e o o

In the previous notice, the NHTSA proposed that, effective
September 1, 1974, the performance levels for the impact attenuation
requirements be upgraded to that of the Head Injury Criterion (HIC)
required by Motor Vehicle Safety Standard No. 208. A number of comments
on this subject sought to defer a final determination until further
research and additional tests could be conducted. The agency has
carefully reviewed the issues raised by these comments and has
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determined that technical data presently being generated on this matter
by several investigations should be considered in upgrading the impact
attenuation requirements. Accordingly, a decision on the upgrading will
be deferred until after this research has been completed and the results
evaluated, and after any appropriate data have been reviewed.

Comments to the docket on the initial impact attenuation
requirement ranged from abolishing the time duration critieria of 2.0
milliseconds and 4.0 milliseconds at the 200g and 150g levels,
respectively, to increasing these criteria to 2.8 milliseconds at the
200g level and 5.6 milliseconds at the 150g level. One approach taken
in regard to this requirement contends that the available test data are
insufficient for quantifying time limits for the relatively short
duration accelerations which are involved in helmet testing. Several
comments questioned the validity of the proposed time duration limits,
since these limits were based on the optional swing-away (as opposed to
fixed anvil) test of the American National Standards Institute (ANSI)
Standard 290.1-1966, which was omitted from the most recent issues of
the 290.1 Standard (1971 and 1973) and was not contained in the proposed
motorcycle helmet standard. An additional comment points out that the
helmets designed to meet higher energy impacts tham the initial
attenuation requirement occasionally have difficulty meeting a 2.0
millisecond requirement at the 200g level.

A review of available biomechanical data indicates that the head
impact exposure allowed by the 2.0 and 4.0 millisecond limits at the
200g and 150g levels, respectively, is greater than that allowed by
other measures of head injury potential. It is the agency’s view,
moreover, that the best evidence indicates that an increase in the time
duration criteria would permit a substantial reduction in the protection
provided to the helmet wearer. Since the comments to the docket did not
provide any new data or sufficiently compelling arguments which would
justify relaxing the proposed limits for tolerable head impact exposure,
the 2.0 and 4.0 millisecond criteria are retained as part of the initial
impact attenuation criteria.

[25] 39 FR 27585, July 30, 1974.
FMVSS 222, proposal; Docket 73-3, Notice 2.
School Bus Passenger Crash Proctection

This notice proposes a new motor vehicle safety standard School bus
passenger seating and crash protection, that would specify seating,
restraining barrier, and impact zone requirements for school buses and
other buses sold for the primary purpose of carrying children to and
from school.

This proposal again specifies two zones in which impact by a head

form must conform to specified force distribution and certain force or
acceleration levels.

e o o




S§5.3.1 Head protection zone. Any contactable surface of the
vehicle within any zone specified in S5.3.1.1 shall meet the
requirements of S5.3.1.2 and S5.3.1.3. However, a surface area that has
been contacted pursuant to an impact test need not meet further
requirements contained in S5.3.

§5.3.1.1 The head protection zones in each vehicle are the spaces
in front of each school bus passenger seat which, in relation to that
seat and its seating reference point, are enclosed by the following
planes:

(a) Horizontal planes 12 inches and 40 inches above the seating
reference point;

(b) A vertical longitudinal plane tangent to the inboard (aisle
side) edge of the seat;

(¢) A vertical longitudinal plane 3.25 inches inboard of the
outboard edge of the seat, and

(d) Vertical transverse planes through and 30 inches forward of
the seating reference point.

S5.3.1.2 Head form impact requirement. When any contactable
surface of the vehicle within the zones specified in S5.3.1.1 is
impacted from any direction at 15 miles per hour by the head form
described in S6.6, the resultant acceleration at the center of gravity
of the head form shall be such that the expression

2.5

[-ﬁ /t2 a dt] (t2-1)

h

shall not exceed 1,000 where "a" is the resultant acceleration expressed
as a multiple of "g" (the acceleration due to gravity), and "tl" and
"t2" are any two points in time during the impact.

§5.3.1.3 Head form force distribution. When any contactable
surface of the vehicle within the zones specified in S5.3.1.1 is
impacted from any direction at 15 miles per hour by the head form
described in S6.6, the energy necessary to deflect the impacted material
shall be not less than 40 inch-pounds before the force level on the head
form exceeds 150 pounds. When any contactable surface within such zones
is impacted by the head form from any direction at 5 feet per second,
the contact area on the head form surface shall not be less than 3
square inches.

o« o o

S6.6 Head form. The head form for the measurement of acceleration
is a rigid surface comprised of two hemispherical shapes, with total
equivalent weight of 11.5 pounds. The first of the two hemispherical
shapes has a diameter of 6.5 inches. The second of the two
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hemispherical shapes has a two-inch diameter and is centered as shown in
Figure 3 to protrude from the outer surface of the first hemispherical
shape.

S6.6.1 The direction of travel of the head form is coincidental
with the straight line connecting the centerpoints of the two spherical
outer surfaces which constitute the head-form shape.

$6.6.2 The head form is instrumented with an acceleration sensing
device whose output is recorded in a data channel that conforms to the
requirements for a 1,000 Hz channel class as specified in SAE
Recommended Practice J211, October 1970. The head form exhibits no
resonant frequency below 3,000 hz. The axis of the acceleration sensing
device coincides with the straight line connecting the centerpoints of
the two hemispherical outer surfaces which constitute the head form
shape.

$6.6.3 The head form is guided by a stroking device so that the
direction of travel of the head form is not affected by impact with the
surface being tested at the levels called for in the standard.

[26] 39 FR 38380, October 31, 1974.
FMVSS 208, rule; Docket 74-39, Notice 1.
Seat Belt Interlock Option

This notice amends Standard No. 208, Occupant crash protection, 49
CFR 571.208, by eliminating the ignition interlock. Parallel changes
are made to the passive seat belt assembly requirements (S7.) of the
standard.

[27] 40 FR 17855, April 23, 1975.
FMVSS 222, proposal; Docket 73-3, Notice 3.
School Bus Passenger Seating and Crash Protection

This notice proposes a new motor vehicle safety standard for school
bus seating and crash protection, modified in several respects from the
July 30, 1974, proposal (39 FR 27585).

The major features of this proposal differ little from those of
Notice 2.

S§5.3.1.2 Head form impact requirement. When any contactable
surface of the vehicle within the zones specified in S5.3.1.1 is
impacted from any direction at 22 feet per second by the head form
described in S6.6, the axial acceleration at the center of gravity of
the head form shall be such that the expression:

2.5

[;;]-,-l [2 a dt] (t2-1)

1
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shall not exceed 1,000, where "a" is the axial acceleration expressed as
a multiple of "g" (the acceleration due to gravity), and "tl" and "t2"
are any two points in time during the impact.

[28] 40 FR 33462, August 8, 1975.
Part 572, proposal; Docket 73-8, Notice 3.
Anthropomorphic Test Dummy.*

Several vehicle manufacturers questioned the adequacy of the head
to measure lateral impact forces. The specifications provide a triaxial
accelerometer so that the lateral vector is registered in the same way
as fore-and-aft forces. Further, NHTSA contract experience with dummies
installed at front and rear seating positions of vehicles undergoing
side impact by other vehicles demonstrates no artificially-high readings
(Contract DOT-HS-4-00922, 5th & 6th progress reports).

Several manufacturers questioned the objectivity of the dummy as a
whole because Part 572 does not include a "whole systems" calibration of
the assembled dummy. The NHTSA has considered the advisability of such
a test and has decided against it for several reasons. Foremost is the
difficulty of devising a calibration procedure which introduces no
significant variability into the test. It is clear that Standard
No. 208 dynamic deceleration of the dummy introduces many complex
variables into the test, such as restraint design and vehicle design.
In the description of sled testing of the GM50X dummy (ref. Reports: SAE
#740590, DOT-HS-299-3-569), General Motors pointed out that their
results demonstrate the complexity of the problem.

Another reason for not introducing a '"whole systems" calibration is
that the experience to date with well-controlled hard seat sled tests of
the dummy show good measurement stability of the dummy as a whole system
as long as the dummy meets Part 572 specifications. The most recent
presentation of such information appears in an SAE paper by General
Motors engineers, comparing an advanced dummy with the Part 572 dummy
(Proceedings of Third International Conference on Occupant Protection,
pg. 369). Table 10 of that paper shows the coefficient of variation of
a Hybrid II dummy to be only 4.5 percent in a measure of Head Injury
Criteria and 3.3 percent in a measure of Chest Severity Index.
Variation of these criteria between dummies is 3.5 percent and 6 percent
respectively. Similar conclusions were reached by J. Versace and
R. J. Berton of the Ford Motor Company in SAE paper 750395,
"Determination of Restraint Effectiveness", pg. 5. Based on experience
of this nature, and in view of the extensive specification in Part 572,
the NHTSA concludes that a '"whole systems" calibration is not required
to establish the dummy as an objective measuring device.

*This notice is unusual in that it refers to and comments on specific
technical papers.

[29] 41 FR 4016, January 28, 1976.

68



FMVSS 222, rule; Docket 73-3, Notice 5.
School Bus Passenger Seating and Crash Protection

This notice establishes a new motor vehicle safety Standard
No. 222, School Bus Seating and Crash Protection, that specifies
seating, restraining barrier, and impact zone requirements for school
buses.

Effective date: October 26, 1976.

§5.3.1.2 Head form impact requirement. When any contactable
surface of the vehicle within the zones specified in S5.3.1.1 is
impacted from any direction at 22 feet per second by the head form
described in S6.6, the axial acceleration at the center of gravity of
the head form shall be such that the expression

] t? 2.5
[;2—,]/ adt] (t2-1)

h

shall not exceed 1,000 where "a" is the axial acceleration expressed as
a multiple of "g" (the acceleration due to gravity), and "tl" and "t2"
are any two points in time during the impact.

§5.3.1.3 Head form force distribution. When any contactable
surface of the vehicle within the zones specified in S.5.3.1.1 is
impacted from any direction at 22 feet per second by the head form
described in S6.6, the energy necessary to deflect the impacted material
shall be not less than 30 inch-pounds before the force level on the head
form exceeds 150 pounds. When any contactable surface within such zones
is impacted by the head form from any direction at 5 feet per second,
the contact area on the head form surface shall be not less than 3
square inches.

[30] 41 FR 54961, December 16, 1976.
FMVSS 208, notice; Docket 74-14, Notice 7.
Advance Notice Concerning Improvements of Seat Belt
Assemblies

Would the establishment of injury criteria and dynamic tests for
seat belt assemblies installed in vehicles be an appropriate means to
improve seat belt effectiveness?

The NHTSA, as it stated in April 1973 (38 FR, April 20, 1973),
believes that a structural integrity requirement does not contribute
substantially to the performance of belt systems, which are required by
Standard No. 209 to have higher breaking strength than they would be
subjected to during a 30-m.p.h. barrier impact. The agency considers
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that a more appropriate assessment of a belt system’s protective
performance capability lies in its ability to properly restrain a Part
572 test dummy in a simulated crash environment. The agency is
contemplating a requirement for a dynamic test for belt systems. The
test would be a frontal and frontal oblique test at 30 m.p.h. into a
fixed flat barrier. A number of alternatives exist to evaluate the belt
systems protective performance. First, the head and chest accelerations
and femur force levels measured on the dummy could be limited to some
levels, although these may not necessarily be the existing levels
specified in S5 of FMVSS 208.

[31] 43 FR 21470, May 18, 1978.
FMVSS 213, proposal; Docket 74-9, Notice 4.
Child Restraint Systems

This notice is being issued in response to public requests. It
would amend the existing child restraint standard by extending its
applicability to all types of child restraints designed for use in motor
vehicles. It would also upgrade existing child restraint performance
requirements by improving the performance criteria and by replacing
static tests with dynamic tests using anthropomorphic child dummies.
The amendments are intended to reduce the number of children under 5
years of age that are killed or injured in motor vehicle accidents.

SUMMARY OF PROPOSED AMENDMENTS

The most significant amendments proposed by this notice are set
forth below:

(1) Dynamic tests would be used to evaluate the performance of the
child seating system in a manner which simulated an actual vehicle
crash. The simulated crash would be straight forward (0 degree frontal)
at 30 m.p.h.

(3) Injury criteria would be specified for both the head and chest
of the dummy for child restraints recommended by their manufacturers for
children over 20 pounds. Padding requirements would have to be met by
restraints to be used by children weighing not more than 20 pounds.

TEST DUMMIES

A six-month old dummy and a three-year old dummy have been
tentatively selected for testing child restraint systems under the
proposed standard. The six-month old dummy was specified in the 1974
proposal as being of "sailcloth construction filled with plastic pellets
and lead shot for correct weight distribution." The dummy has since
been dynamically tested, modified, and retested in infant carriers of
three different manufacturers. The new dummy represents an advance in
the state-of-the-art and is vastly superior to the former dummy. Very

70



precise definitions of the new dummy are contained in a set of five
blueprints and an engineering description which are available in docket
74=9 to all interested persons.

The tentatively selected three-year old dummy is the NHTSA test
dummy SA103C, a slightly modified version of the Alderson Model VIP-3C
dummy .

Injury criteria (expressed in terms of limits on resultant
acceleration) are proposed for both the head and chest of the thee-year-
old test dummy to allow a quantitative evaluation of the dynamic
performance of the child restraints to be made. This approach permits
the measurement of padding effectiveness during the dynamic test, thus
eliminating any need for a separate test for that purpose and the costs
associated with such a test. Since the construction of the six-month-
0ld dummy prevents installing accelerometers so that they will stay in
place within the dummy during a test and give accurate measurements, the
injury criteria would apply only to restraints recommended by their
manufacturers for use by children weighing over 20 pounds.

Unlike the 1974 proposal, this proposal does not contain
requirements for lateral dynamic tests and for limits on lateral
excursion.

571.213

3. A new Federal Motor Vehicle Safety Standard No. 213-80, Child
Restraint Systems, would be added to read as set forth below.
571.213-80 Standard No. 213-80; child restraint systems.

S5.1.2 Injury criteria. When tested in accordance with S6.1, each
child restraint system that, in accordance with S85.5.2(f), is
recommended for use by children weighing more than 20 pounds, shall--

(a) Limit the resultant acceleration at the location of the
accelerometer mounted in the test dummy head as specified in Part 572
such that the expression:

2.5
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shall not exceed 1,000, where "a" is the resultant acceleration
expressed as a multiple of "g" (the acceleration of gravity), and "tI"
and "tz" are any two moments during the impacts.

[32] 44 FR 72131, December 13, 1979.
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FMVSS 213, rule; Docket 74-9, Notice 6.
Child Restraint Systems Seat Belt Assemblies
and Anchorages

SUMMARY: This rule establishes a new Standard No. 213, Child
Restraint Systems, which applies to all types of child restraints used
in motor vehicles. It also upgrades existing child restraint
performance requirements by setting new performance criteria and by
replacing the current static tests with dynamic sled tests that simulate
vehicle crashes and use anthropomorphic child test dummies. The new
standard would reduce the number of children under 5 years of age killed
or injured in motor vehicle accidents.

* o o

Several manufacturers (GM, Ford, Questor, and others) and JPMA
objected to the proposed head and chest acceleration limits that must
not be exceeded in the dynamic testing. They argued that the
acceleration limits are based on biomechanical data for adults and there
is no data showing their applicability to children. Because of the lack
of biomechanical data on children’s tolerance to impact forces, NHTSA
has conducted tests of child restraints with live primates to serve as
surrogates for three-year-old children. Primates are similar in certain
respects to children and have been used by GM, Ford, and others as
surrogates in child restraint testing to assess potential injuries to
children in crashes. In simulated 30 mph crashes conducted for NHTSA,
similar to the test prescribed in the proposed standard, the primates
either were not injured or sustained only minor injuries. NHTSA has
also conducted child restraint tests using instrumented test dummies
representing three-year-old children instead of primates. In the tests,
the forces measured on the test dummies, which had not been injurious to
the primates, did not exceed the head and chest accelerations criteria
proposed in the standard. NHTSA is thus confident that the child
restraints which do not exceed these performance criteria in the
prescribed tests should prevent or reduce injuries to ‘children in
crashes.

Use of instrumented test dummies should not unduly raise the price
of child restraints. Since many child restraint systems are already
close to compliance, the cost per restraint of any needed design and
testing costs should be minimal.

e o o

S5.1.2 Injury criteria. When tested in accordance with S6.1, each
child restraint system that, in accordance with S5.5.2(f), is
recommended for use by children weighing more than 20 pounds, shall--

(a) Limit the resultant acceleration at the location of the
accelerometer mounted in the test dummy head as specified in Part 572
such that the expression:

1 '2 2.5
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1
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"a" is the resultant acceleration

shall not exceed 1,000, where
expressed as a multiple of "g" (the acceleration of gravity), and "t1
and "t2" are any two moments during the impacts.

S5.2.3 Head impact protection.

S$5.3.2.1 Each child restraint system, other than a child harmness,
which is recommended under $5.5.2(f) for children weighing less than 20
pounds shall comply with S5.2.3.2.

S5.2.3.2 Each system surface which is contactable by the dummy
head when the system is tested in accordance with S6.1 shall be covered
with slow recovery, energy absorbing material with the following
characteristics:

(a) A 25 percent compression-deflection resistance of not less
than 0.5 and not more than 10 pounds per square inch when tested in
accordance with S6.3.

(b) A thickness of not less than 1/2 inch if the material has a 25
percent compression-deflection resistance of not less than 3 and not
more than 10 pounds per square inch when tested in accordance with S6.3.
If the material has a 25 percent compression-deflection resistance of
less than 3 pounds, it shall have a thickness of not than 3/4 inch.
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