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|. Anton's Law

On Decenber 4, 2002, the President signed Pub. L. 107-318,

"“Anton's Law,'' in order " "to provide for the inprovenent of the
safety of child restraints in passenger notor vehicles, and other
purposes.'' Section 4 of Anton's Law directed that:

(a) Not later than 24 nonths after the date of the enactnent of
this Act, the Secretary [of Transportation] shall devel op and eval uate
an ant hr oponor phic test device that sinulates a 10-year-old child for
use in testing child restraints used in passenger notor vehicles;

(b) Wthin 1 year follow ng the devel opnent and eval uation carried
out under subsection (a), the Secretary shall initiate a rul enaking
proceedi ng for the adoption of anthroponorphic test device as devel oped
under subsection (a).

I n Sept enber 2004, the agency conpl eted eval uation of the HI1-10C
and tentatively determined that it is suitable for use in testing child
restraints.

1. Overview

Today' s NPRM proposi ng to adopt specifications and perfornance
criteria for the HI11-10C into 49 CFR Part 572 initiates the rul emaking
referenced in Section 4(b) of Anton's Law. The test dummy is based on
recent growmh charts for U S. children and scal ed neasurenents fromthe
Hybrid Il famly of dumm es. The Hybrid Il 10-year-old test dunmy
(referred to as the ""HII1-10C"') has a seated height of 2 feet 5
I nches, a standing height of 4 feet 3 inches, and weighs 77.6 pounds
(35 kilograns). By seated height and weight it very closely
approxi mates the average 10-year-old child in the U S. Additionally,

the HI1-10C has been designed to nore closely replicate the posture of
ol der children than current Hybrid IIl test dunm es, which can enable
the dumry to nore closely replicate older children interacting with
seat belt systenms. The HII1-10C has an adjustabl e | unbar spine that

allows the dummy to slouch and a shoul der construction that provides a
nore representative interaction of the shoul der and shoul der belt.

Consi deration is underway at NHTSA on using the HI11-10C in
conpliance tests of child restraints under Federal Mdtor Vehicle Safety
Standard (FMWSS) No. 213, " "Child restraint systens'' (49 CFR 571.213).
The agency is proposing to expand the applicability of the standard to
restraints reconmended for children weighing up to 80 pounds (36
kil ograns). The proposed anendnent to FWSS No. 213 is intended to
ensure that all child restraint systens, including booster seats, are
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robustly assessed to nake sure that they would performsoundly in a 30
m | e per hour (nph) crash when used by children at the upper limt of
their recommended wei ght range (e.g., up to 80 |Ib). The agency
tentatively believes that the dumry is a sound test device that wll
provi de val uable data in assessing the potential for injury of child
restraint system (CRS) occupants that weigh nore than 50 I'b in a 30 nph
crash.

I11. Background
A. Need for the Dummy

The agency has |ong recogni zed the need for a test dummy
representative of a child larger than that currently represented by the
Hybrid Il 6-year-old test dumy (H11-6Y0O . Sone child restraint
manuf acturers began offering child restraints for children wei ghing 50
| b and greater. The agency has wanted to expand the applicability of
FMVSS No. 213 to increase the likelihood that child restraints wll
provi de robust protection for a wider array of children. This interest
goes hand-in-hand with efforts to increase booster seat use anong
chil dren who have outgrown their harness-equi pped child safety seat,
but who cannot adequately fit a vehicle's lap and shoul der belt system
(The agency advises that children between the ages of 4-to 8-years of
age should remain in a belt-positioning booster seat and secured with a
vehicle's | ap/shoul der belt, unless they are a mnimum4 feet and 9
inches tall.)

Agency reports have indicated that ol der children do not fit
properly into vehicle safety belt systens without the use of a child
restraint system(e.g., a belt-positioning booster seat). This poor fit
Is due to the fact that children have highly sl oped shoul ders and tend
to sit slouched in vehicle seats because their |legs are too short to
mai ntain an upright seat posture. In a crash, slouched child show a
tendency to ~“subrmarine;'' i.e., the child may slide under the |ap
belt, which in nost cases causes the lap belt to | oad the abdonen,
whil e the shoul der belt may mgrate into the child s upper neck area.
In such an event a child would be exposed to forces that could result
I n serious abdonen, |unbar and cervical spine injuries.

Use of a belt-positioning booster seat inproves the fit of a
vehicle's | ap/ shoul der belt system for children 10 years of age and
younger. In conjunction with a vehicle's |ap/shoulder belt, a belt-
positioning booster provides a 5-to 8-year-old child with the same
| evel of safety as a 9-to 1l4-year-old child receives fromuse of a | ap/
shoul der belt only. Wen used in conjunction with a booster seat, the
effectiveness of a |ap/shoulder belt for a child between the ages of 5
and 8 years inproves from48 percent to 54 percent.\ 1\

\1\ See, " Effectiveness of Lap/Shoulder Belts in the Back
Qut board Seating Positions,'' Evaluation Division, Plans and Policy,
NHTSA. Washi ngton, DC, June 1999. DOT HS 808 945.

Adding a new child test dumry to the array of devices used to test
child restraints will enhance child passenger safety. Currently, the
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ol dest child represented by an instrunented dumry in FWSS No. 213 is a
6-year-old child. The agency has tentatively determned that the HII-
10C will permt a useful evaluation of booster seats that are
reconmended for children weighing up to 80 Ib (36 kg), and help ensure
that these restraints neet the dynam c test requirenents of FM/SS No.
213.

B. Evolution of the Dumry

In 1994, the agency began to investigate if the introduction of a
test dummy larger than the 6-year-old test dumy woul d benefit the
devel opnment of safety inprovenents in occupant restraint systens.
Initially, the agency considered the P10 test dummy, which is part of
the P series of test dunmies used primarily in Europe. The P10 was
intended to replicate the size and weight of a 10-year-old child.
However, the agency had concerns with the

[[ Page 40283]]

stability and predictability of the P10's kinematic structure, its
limted instrunentation capabilities, and the fact that it weighs 10
| bs. less than the average 10-year-old child. As a result of these
concerns, the agency deci ded agai nst using the P10.

The agency initiated discussions in 1999 with the Hybrid Il Dumy
Fam |y Task Group (DFTG at the Society of Autonotive Engi neers (SAE)
on the need to develop a child type test dunmy approxinmating the
average 10-year-old. DFTG noted that such a dummy woul d be useful in
the eval uation of booster seats and the injury causing potential of
passenger side air bags, and agreed to develop a Hybrid Ill 10-year-old
dumy.\2\ By the spring of 2001 the first prototype was constructed
under a coll aborative effort between dunmy manufacturers First
Technol ogy Safety Systens (FTSS) and Denton ATD (Denton).\3\ After
prelimnary testing and minor nodifications, the agency was furnished a
production prototype of the DFTG approved dumry for its initia
assessnment. Subsequently, the agency bought two dumm es for nore
rigorous testing and eval uati on.

\2\ HJ. Mertz, et al., "~ "The Hybrid Ill 10-Year-A d Dumy,"
2001- 22-0014, Proceedings, Stapp Car Crash Conference, Vol.
45, Novenber 2001, The Stapp Associ ation

\'3\ FTSS manufactured the head, neck, upper extremties, and
upper torso of the prototype. Denton manufactured the | ower half of
the dummy, including the pelvis and | ower extremties. Subsequently,
t he manuf acturers have exchanged draw ngs all owi ng each one to
manuf acture a conpl ete dumy.

During the devel opnent of the 10-year-old dunmy, the Transportation
Recal | Enhancenent, Accountability, and Docunentation (TREAD) Act (Pub.
L. 106-414, Novenber 1, 2000) was signed. The TREAD Act in part
directed that the agency determ ne whether the safety of children would
be inmproved if additional anthroponorphic test devices were used,
including a test dummy representative of a 10-year-old dummy. NHTSA
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updat ed Federal Mtor Vehicle Safety Standard (FWSS) No. 213 in
response to the TREAD Act (68 FR 37620; June 24, 2003; Docket No.
15351), but the 10-year-old dunmy was not sufficiently devel oped for
i nclusion in that rul enmaking.

| V. General Description

The HII1-10C was targeted to represent a 10-year-old child as
defined by the National Center for Health Statistics for the Center for
Di sease Control (NCHS-CDC) growth charts published in Decenber 2000 for
children between 2 and 20 years of age and has the sane general
construction as the adult dunmes of the Hybrid IIl dummy famly. The
H 11-10C has a seated height of 2 feet 5 inches, a weight of 77.6
pounds, and a standing height of 4 feet 3 inches. Table |I bel ow
conpares the major characteristics of the dummy with the U S. growth
charts.

Tabl e |.--Conparison of Test
Dunm es and Peopl e

Seated Hei ght**, **** (feet &

Weight (I b)*, **** St andi ng Height (feet &

i nches)
____________________________________ |nCheS)*, ***, *k k%

____________________________________ H-
O e R
HI1l1l Peopl e (m n/ave/ max)

Peopl e (m n/avel/ max) H 1l Peopl e (m n/ave/ max)
5th Percentile Female....................... 2'7" (24" "1227'12°9")
108 (101/106/117) 411" (4'8"'"4'11''/5'1'")
10-year-old. ... ... ... . 2'5"" (2021274 '712'6"")
77.6 (57.7/79.3/120. 2) 4" 3" (44'/48'/51")
6-year-old. ... ... ... 2'1" (1'10"'/72'0"'/2° 2" ")
51.6 (37.2/47.2/75.5) 39" (3713 11''/4°3"")

* Data fromCDC Gowh Charts (1988-1994), U S. Departnent of Health and Human
Services, Centers for Disease Control and Prevention, Decenber 4, 2000.

** Ant hroponetry of U S. Infants and Children, SAE SP-394, 1975 SAE Autonotive

Engi neeri ng Congress and Exhibition, Detroit, M, 1975.

*** FErect posture; calculated, rounded to the nearest whol e nunber (dumm es are built
in seated posture).

**** Average of male and fenal e.

Table | denonstrates that the HII11-10C fits reasonably well between
the 6-year-old and 5th percentile adult fenale test dumm es. (A 5th
percentile adult female is about the size of a 12-year-old.)

Addi ti onal ant hroponor phi ¢ di mensi ons and nasses of the HI|-10C
wer e based on scaling those specifications fromthe H Il 50th
percentile adult mal e dunmy rather than the 5th percentile female
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dummy. The decision to scale down fromthe mal e dunmy was based on the
fact that the 50th percentile male dummy was supported by a well

est abl i shed bi onmechani cal database, while all other Hybrid IIl dunmm es
were scal ed down versions fromthe 50th percentile male dummy.

Accordi ngly, there was no advantage to scal e down from another dummy.

Information on the HI1-10C key exterior dinensions and weights for
the maj or body sections are included in the drawi ng package, which is
i ncluded in the docket for this notice.

Simlar to the construction of adult dummes in the Hybrid I11I
famly, the 10-year-old dummy consists of an articul ated, danped stee
"“skeleton'' that is covered by foam and plastic sinulating human fl esh
and skin. However, the lunbar spine is constructed of a butyl rubber
cylinder wwth an adjusting bracket |ocated between the |unbar spine and
pel vis bone. This adjusting bracket allows for upper torso orientation
adj ust mrent of approximtely 24 degrees relative to the lower torso to
simul ate a range of normal and " " sl ouched'' seating positions. Slouch
is acritical design feature, because children not in booster seats
tend to slouch to keep the underside of their knees frominterfering
with the front edge of a vehicle seat as their |egs bend over the edge
of the seat. As expl ained above, this slouched posture has the
potential to result in abdom nal and neck injuries froma vehicle' s |lap
and shoul der belt in a crash. The sl ouched position would allow the

H 11-10C to provide data on the interaction of a vehicle belt system
and ol der children seated in this posture.
The specifications for the HI1-10C would consist of: (a) A draw ng

package containing all of the technical details of the dumy; (b) a
parts list; and (c) a user manual containing instructions for

i nspection, assenbly, disassenbly, use, and adjustnments of dumy
conponents (PADI). These draw ngs and specifications woul d ensure that
the dumm es would be the sanme in their design, construction, and
kinematics. In addition, three-dinmensional engineering aids are
avai l able fromthe NHTSA website for conplex dummy part di nmensions.
Wil e these aids are not part of this specification, they can be used
by the public for reference purposes. The performance calibration
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tests proposed in this NPRM woul d serve to assure that the HI1-10C
responses are within the established bi omechani cal corridors and
further assure the uniformty of dummy assenbly, structural integrity,
consi stency of response and adequacy of instrunentation. As a result,
the repeatability of the dummy's inpact response woul d be ensured.

Drawi ngs and specifications for the H11-10C are avail able for
exam nation in the NHTSA docket section. Copies of those materials and
the user manual nmay al so be obtained from Leet-Mel brook, Division of
New RT, 18810 Wodfield Road, Gaithersburg, MD 20879, tel. (301) 670-
0090.

A technical report and other materials describing the HII1-10C in
detail have been placed in the docket for today's NPRM

A. Biofidelic Consistency of the HIIl 10-Year-O d Dunmy Wth the Hybrid
[1l 50th Percentile Conmponent Responses
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An inportant characteristic of a dummy for use as a test tool is
how wel |l it sinmulates a human undergoing inpact, a property otherw se
known as biofidelity. For adult sized dumm es such as the Hybrid I
50th percentile nale, the conmponent responses can be conpared directly
to post-nortem human subject (PMHS) response data to assess
biofidelity. Due to the scarcity of bionechanical data for children,
response corridors for child dumm es have to be constructed by scaling
adult PWHS data, using geonetric factors such as mass and | ength. G ven
the current lack of pediatric data, if it is accepted that the H Il
50th percentile male dumry has adequate biofidelity,\4\ the biofidelity
of the HI11-10C can be assessed by conparing the child dumry responses
to response specification data (certification data) scaled fromthe
adul t dunmy.

\4\ Foster, et al. (1977). "~ "Hybrid Ill--A Bi onechani cal | y- Based
Crash Test Dummy,'' Proc. Twenty-First Stapp Car Crash Conference,
SAE 770938. Society of Autonotive Engi neers, Warrendal e, PA

Fol Il owi ng this approach, the SAE DFTG exam ned the response of the
H 1'1-10C head, neck, thorax and knee and determ ned that prototype
H 1'1-10C conponents displayed an acceptable |level of biofidelity with
respect to the scaled corridors.\5\ Scaling rel ationships devel oped by
[rwn and Mertz \6\ were used by NHTSA to define the bionechanica
response corridors of the H11-10C as conpared to the H Il 50th
percentile nale data. Followi ng the International Standard Organi zation
(1'SO TR 9790 biofidelity scaling procedure,\7\ the head and knee of
the dumy could be given a rating of 10, and the neck and thorax a
rating of 5, indicating that no conponents have unacceptabl e
bi ofidelity. This nethodol ogy yields an overall biofidelity assessnent
of “~“excellent'' which is in agreenment with the DFTG assessnent.

\5\ Mertz, et al., (2001). " "The Hybrid Ill 10-Year-A d Dummy,"
Proc. Forty-Fifth Stapp Car Crash Conference, Paper 2001-22-0014.

\6\ Irwin and Mertz (1997), " Bionmechanical Bases for the CRAB
and Hybrid Il Child Dunm es,'' Proceedings, 41st Stapp Car Crash
Conf erence, SAE 973317, SAE, \Warrendal e, PA

\'7\ Scherer et al., Proceedings, 42nd Stapp Car Crash
Conf erence, SAE 983151, SAE, Warrendal e, PA

The NHTSA Bi o Rank System \8\ was applied to HII-10C dummy
conmponent peak responses fromtesting at VRTC \9\ for the head, neck
t horax, and knees to quantify how well they fit within their respective
certification corridors derived fromscaling. The dunmy's cumul ative
vari ance (DCV) was cal cul ated as the absolute value of the difference
bet ween the nmean dummy peak response and nean val ue fromthe scal ed
certification corridor for each individual neasurenent. The cadaver
curul ative variance (CCV), normally the accunul ated standard devi ati on
of a sanple of human data, was nodified to be one-fourth of the
tol erance presented in the scaled 50th certification corridor. This
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assunes that the certification corridor is the nean plus or mnus two
standard devi ati ons:\ 10\

\8\ Rhule, et al., (2002). " "Devel opnent of a New Biofidelity
Ranki ng System for Ant hroponorphic Test Devices,'' Proc. 46th Stapp
Car Crash Conference, Paper 2002-22-0024.

\9\ Stammen, J. " Technical Evaluation of the Hybrid IIl Ten
Year O d Dumry (HII1-10C),"'" Septenber 2004.

\'10\ Rhul e, i bid.

[GRAPHI C] [TIFF OM TTED] TP13JYO05. 165

A DCV/ CCV val ue of 2.0 or below indicates that particular H11-10C

conmponent response is within two standard deviations of the H I1-50th
scaled data. In other words, the next HI1-10C conponent can be
considered to respond as nuch like the scaled data as a H 11-50th

conmponent woul d match the corresponding adult corridor. Table |
summari zes the DCV/ CCV val ues for each conmponent neasurenent.

Table I'l.--DCV/ CCV Val ues for H I1-10C Conponent Responses in
VRTC Tests
Dunmry data (N=2) Scal ed
corridor
Conponent e e e e e e e e oo
------------- DCV/ Cccv
Mean Std dev Mean

Std dev
Head:

Resultant (g)........... .. i, 277 6 267.5
13.75 0. 69
Neck Fl exion:

Moment (NM) . ... . ... . . 54. 8 1.9 58
3.5 0.91

Rotation (deg)............ ... .. ....... 81.7 2 81
3.5 0. 20
Neck Extension:

Moment (NM) . ... .. .. .. . .. 41.5 1.9 41
3 0.17

Rotation (deg)........................ 107. 7 2.7 106. 3
3.7 0. 36
Thor ax:

Deflection (mm....................... 45. 8 1 43
2 1.40

Force (N). ... ... 2202 107 2080
25 0.98

Hysteresis (99 .......... .. ... 74. 2 1.5 75
5 0. 40
Knee:

Force (N) . ... ... . 2819 106 2850
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As seen in Table Il, all nine of the HI1-10C conponent responses
based on two dunmm es had DCV/ CCV val ues below 2.0 (in fact, all but the
thorax had values less than 1.0), indicating that each response is
within 2 standard

[ [ Page 40285]]

devi ations of the nean of the HI1-10C scaled corridors. As noted
earlier, there is no human pediatric data for direct HI1-10C dumry

bi ofidelity eval uation. However, because the HI1-10C conmponents are
consistent with the HI11-50th conponents and Foster (id.) showed that
the HI1-50th conponents were consistent with human conponent response
data, NHTSA believes that the conponents of this dummy have acceptabl e
bi ofidelity.\11\

\'11\ Foster, ibid.

B. Repeatability and Reproducibility

A dummy's repeatability \12\ and reproducibility \13\ are typically
based on the performance of the nost critical body segnents, as
conmponents and as a conplete dunmy system A dummy and its conponents
nmust respond wi thin boundaries that relate to bionechanical corridors.
In the tests for repeatability and reproducibility, inpact input as
well as the test equipnent are carefully controlled to mnimze
external effects on a dummy's response. Conponent tests are typically
better controlled and thus produce nore reliable estimtes of the
dummy's repeatability and reproducibility than is possible in sled and
vehicl e tests. Conponent tests identify whether a conponent wil
respond properly in inpact tests. Sled tests, on the other hand, offer
a nmethod of efficiently evaluating a dummy as a conplete systemin an
environment much like a vehicle test. Sled tests establish the
consi stency of the dummy's kinematics, its inpact response as an
assenbly, and the integrity of a dummy's structure and instrunentation
under controlled and crash-representative test conditions.

\ 12\ Repeatability is defined as a simlarity of responses of a
singl e dummy neasured under identical repeated test conditions.

\13\ Reproducibility is defined as response simlarity between
di fferent dunmm es of the sane design under identical test
condi tions.

The repeatability and reproducibility of dummy responses are
assessed by coefficient of variation (cv) values of inpact responses
(coefficient of variation = standard devi ation divided by the nean).
Thi s approach was introduced for autonotive dummy assessnent in 1974 at
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the Third International Conference of Gccupant Protection (154 FR 369,
August 9, 1975) as a neans of evaluating dummy repeatability. The
repeatability assessnent specifies that the dummy's response nust fall
within specified performance limts and that it does not exceed a CV
value of 10% in repeated identical inpact exposures. Reproducibility is
a statistical assessnent of conpiled responses of nultiple dummes in a
duplicated i npact environnment. Multiple dumm es produce a w der

di spersion of response neasurenent than in testing a single dumy for
repeatability. Accordingly, a Cv of 15% for reproducibility is being
proposed as a practical |imt for maxi mum all owabl e variance in
repeated tests of multiple dunmes, as long as any single dumy w thin
that set confornms to the 10% repeatability requirenent.

C. Conponent Tests

The critical body segnents were eval uated by conducti ng
certification tests on the head, neck, thorax, torso, and knee. These
tests were conducted in accordance with the procedure specified in the
nost recent version of the DFTG s user manual devel oped for the HII-
10C. Conponents from a dummy manufactured by FTSS and those from a
dumy manufactured by Denton were tested prior to and after a series of
sled tests. The CV values used to assess the quality of repeatability
and reproducibility are provided in Table |11

Table I11.--Dummy Rating Scores for Repeatability and Reproducibility
Reproduci bility
Repeatability % CV % CV Rat i ng
O-5. 0-6 Excellent.
>5- 8. >6-11 Good.
>8-10. . ... >11-15 Margi nal
>10. . >15 Poor.

For each of the dunmmies, the head, neck, knee and thorax al
responded with a rating of excellent in the repeatability and the
reproduci bility eval uati ons.

The repeatability values fromthe torso evaluati on were acceptable
with CV val ues bel ow 10 percent, except that data in one channel from
the reproducibility evaluation narromy mssed an ~ " acceptable'' val ue.
Torso flexion tests were conducted on both dumm es before and after the
sled test series per the procedure defined in CFR Part 572, Subpart O

(Hybrid Il'l 5th Percentile Femal e Dummy), except that the resistance
force was neasured at 35 degrees of torso flexion instead of 45
degrees. The snaller size of the HI11-10C and the pelvis angle required

for slouching prohibited the test dumry from achi eving an angle of 45
degrees. The reproducibility value for the resistance force at 35
degrees of torso flexion was in the excellent range (Cv=4.5%, and the
Cv for the initial nean angle value of the torso was in the acceptable
range (Cv=14.2% . However, the return angle of the torso after the

fl exion test produced a CV value of 16.7 percent, which is above the
15%I1imt for acceptability. Inasmuch as the torso return angle average
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of 5.67 degrees is well below the maxi num all owable 8 degree limt, the
slightly higher repeatability CV value than the maxi mum al | owabl e i s of
little concern in this case. Evidence of a specific return angle is

i ndicative of the torso m d-section having certain elastic, nore human-
|i ke properties. Areturn within the 8 degree limt indicates that the
forces of restitution are intact. No return, or an indefinite return,
woul d indicate a substantial change within the internal nechanisns of
the md-torso structure, such as failure of the lunbar spine, abdonen,
or a substantial shift between interfacing body segnents within the
abdom nal cavity. Although the dunm es' responses were just outside the
acceptabl e range for repeatability, each response denponstrated el astic
properties and no structural failures.

D. Sled tests

To assess the repeatability and reproducibility of the HI1-10C as
a conpl ete dumy, the agency conducted two sets of FMVSS No. 213 type
sled tests with the dummy placed in a booster seat and with test
environment variables mnimzed. A nore repeatable test environnent was
constructed in the formof a rigid bench seat, as opposed to a
cushi oned seat, to mnimze seat cushion rel ated vari abl es and
facilitate consistent dumy positioning

[ [ Page 40286] ]

t hroughout the test series. The seat was built to permt vertica
adjustnment of its base to either allow proper belt restraint placenent
on the el evated dunmy or to accommpdate a booster seat to the sane
sitting height on the | owered base. The seat base was carpeted (\1/4\'
thick, 0.5 I b/square foot weight carpet) to prevent excessive sliding
of the booster seat. Again, repeatability and reproducibility of the
dummi es in systens tests are assessed using the | SO devel oped CV scal e
di scussed above.

In the first set of sled tests, the two dunm es were set-up on the
existing rigid bench seat specified in FMWSS No. 213. The features of
t he bench seat were not nodified as specified by a June 24, 2003 final
rul e anmendi ng FWSS No. 213 (68 FR 37620; Docket No. NHTSA-2003-
15351) .\ 14\ Because of the possibility of the rigid seat causing the
dumri es to absorb nore of the inpact energy, a softer 20 g, 27 nph
pul se was applied in the two dumr es test series. This pul se represents
19 percent reduced energy fromthe FWSS No. 213 sled pul se. A good
belt fit on the dumm es' shoul ders and pelvis was achi eved by raising
the seat to the equival ent height of a booster seat cushion. None of
the dummy responses fromthis series of tests resulted in CV val ues
that were in the unacceptabl e range, which denonstrates that the HII-
10C has good repeatability and reproducibility as a conplete system

\ 14\ The June 24, 2003 final rule increased the test bench's
seat cushion angle from 8 degrees off horizontal to 15 degrees;
i ncreased the test bench's seat back angle from 15 degrees off
vertical to 22 degrees; increased the spacing between the anchors of
the lap belt from222 mto 400 mnmin the center seating position
and from356 mMmto 472 mmin the outboard seating positions; and
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specified a rigid seat back as opposed to a flexible back.

Test data fromthe repeatability and reproducibility tests in the
reduced energy environnent are shown in Table 1V, below Data for
repeatability display averages of five responses for each dunmy, their
respective standard devi ations, and the corresponding CV val ues. The
data for reproducibility conbine the neasurenents of both dumm es and
provi de averages, standard deviations, and CV values for each data
channel . The responses on the whol e are reasonably sim |l ar between the
two dumm es. Table V displays the distribution of the nmeasured CV
val ues of the major body segnents from Table IV that fell into each of
the repeatability and reproducibility rating categories listed in Table
I1l. The only channel that failed to neet the "~ "good'' or "~ excellent'
categories was the upper neck X force in Dumy 1, which
received an ~ " acceptable'' rating.

Tabl e I V. --Response Analysis of the H11-10C in Sinul ated Booster

Dummy 1 (n=5) Dunmy 2 (n=5) Bot h test
dunmi es
Channel = e e e eeiaiao o
- (n=10)
AVG cv AVG cv
cv
(percent) (percent)
AVG (percent)
Head X (Q) .. oo 39 5.0 37
2.6 38 4.2
Head Z (Q). .. oot 47 7.1 40
4.0 44 10. 3
Head Resultant (g)................ 51 7.7 43
3.9 47 10.1
HC36......... .. .. 355 7.1 317
5.2 336 8.5
Upper Neck X Force (N)............ 820 9.6 695
2.2 758 11.2
Upper Neck Z Force (N............ 1728 5.0 1525
4.5 1627 8.0
Upper Neck Y Monent (N ......... 34 4.1 38
3.1 36 7.1
Chest X (@) 40 4.7 39
2.4 40 4.1
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Chest Z (Q). .o 9 6.0 10
8.0 10 6.9
Chest Resultant (g)............... 41 4.4 39
1.6 40 3.7
Chest Aip (g).. .. ... 40 3.2 38
2.2 39 3.5
Chest Deflection (m)............. 31 5.4 26
5.4 28 10.6
Pelvis Resultant (g).............. 39 5.0 39
1.8 39 4.0

Table V.--Distribution of the Measured CV Val ues of the Maj or Body Segnents by
t he Repeatability and
Reproducibility Rating Scal es by Frequency Count
[Ref. Table IV, supra]

Repeatability

.......... Reproducibility

Rat i ng Test dummy

Test dumy bot h dumm es
1 2

EXcel | ent . ... 7
11 5
G000, . . 5
2 7
Acceptabl e. ... . 1
0 1
Unacceptabl e. . ... . e 0
0 0
% Acceptabl e. ... . 100
100 100

The second set of sled tests to evaluate repeatability and
reproducibility was conducted with three HI1-10C dumm es. The third
dummy was constructed with the upper half manufactured by Denton ATD
and the lower half manufactured by FTSS (conbi nation dumry). Testing of
t he conbi nati on dummy was to determne if the drawi ng specifications
woul d produce interchangeable parts irrespective of the manufacturer
and if a conbination test dummy woul d provide the sane repeatability,
reproducibility, and durability as a test dummy manufactured by a
singl e company. The three dunmm es were seated side by side at booster
seat hei ght

[ [ Page 40287]]
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on the updated FWSS No. 213 bench seat specified in the June 2003
final rule. (The bench seat was slightly nodified to provide a |ap/
shoul der belt for the center seating position.) Testing all three

dunmm es side-by-side permtted a conparison of the test dumm es

ki nematics in the sane crash environment. As in the first set of tests,
the seat foam was renoved and repl aced by carpeting material to

m nim ze possi ble bench seat interaction effects on the dunm es’
responses. The three dumm es were set up in identical upright postures
and restrained by three-point belts representative of vehicle |ap and
shoul der belts. The full FM/SS No. 213 sled pulse (24 g and 30 nph) was
used in these tests. Four repeat tests with the three dumm es yielded a
total of 12 sets of data. Results are shown in Table VI and sunmari zed
in Table VII by how well the dummes fit within the repeatability and
reproducibility rating categories.

Table VI.--Sumary of Selected Three HII1-10C Dunm es
Repeatability and Reproducibility Test Responses
[ Full FWSS No. 213 Sled

Conbi nation test dumry Al test dunmes (n=12)

--------------- (n=4) e
Channel
AVG cv AVG
cv cv AVG cv
(percent)
(percent) AVG (percent) (percent)
Head X (Q) ... i 34 10. 7
37 9.2 29 ... 33 13.9
Head Z (Q) ... i 55 3.6
48 2.0 49 2.0 51 6.8
Head Resultant (g).......... ... 60 3.0
51 1.2 53 1.9 55 7.4
H O C 36, . . 545 4.6
464 3.3 483 5.8 498 8.4
Upper Neck X Force (N)........ .. .. 841 6.5
885 8.3 720 5.6 815 11.0
Upper Neck Z Force (N). ... ... .. .. 1923 4.0
1713 3.8 1757 1.9 1797 6.1
Upper Neck Y Moment (N-mM......... ... .. .. .. .. ... 41 7.0
38 5.3 39 3.3 39 6.4
Chest X (9) v e 37 5.1
37 4.5 38 2.9 37 4.0
Chest Z (Q) . v i 16 3.0
14 8.0 16 10. 2 15 9.5
Chest Resultant (g) 3.......... .. . ... 38 5.1
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39 3.9 40 3.6 39 4.8
Chest Aip (). i e 32 7.0
31 6.9 33 6.3 32 6.6
Chest Deflection (m)......... ... ... .. ... ....... 37 4.1
38 3.8 39 4.4 38 4.6
Pelvis Resultant (g)..........c. .. 41 4.3
48 3.4 47 4.2 45 7.5
Table VII.--Distribution of the Measured CV Val ues of the Maj or Body Segnents by

t he Repeatability and
Reproduci bility Rating Scal e by Frequency Count
[Ref. Table VI, supra]

Rat i ng Test dummy Test dummy

Conbi nat i on
1 2 test dumry

Dunmi es
Excellent. ... ... . . . . 7 8
8 3
G000, . . 5 3
3 9
Acceptable. . ... ... ... . . 0 2
2 1
Unacceptable. ... ... ... .. . . 1 0
0 0
% Acceptable........ ... ... .. . ... .. 93 100
100 100

Test dummy 2 and the conbination of test dumy responses
denonstrated 100 percent acceptability for repeatability and
reproduci bility. Test dumry 1 denonstrated approximtely 93
percent acceptability for repeatability and 100 percent acceptability
for reproducibility. We believe the 93 percent value can be accepted as
repeat abl e. Test dummy 1 was prevented from achi eving 100
percent acceptability by a head "X ' acceleration CV rating of 10.7
percent, which is only 0.7 percent above the acceptability limt. The
dummy still denonstrated an acceptable repeatability CV value for the
H C 36 neasurenent.

Based on the above, the agency tentatively concludes that the HII-
10C provides sufficient repeatability and reproducibility at both the
conponent | evel and the system | evel.
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V. The Dummy's Response Sensitivity and Structural Durability

A variety of sled tests were conducted to substantiate the
functionality of the HI1-10C dummy's sensitivity in differentiating
the effects of substantially different but repeatable restraint
configurations in several environnents. Durability of the dumy's
structure was al so assessed in each of these test environnents. These
sled tests evaluated the dumy's sensitivity to the foll ow ng
vari abl es:

Boost er seat design

Post ure

Three-point belt application
Appl i ed pul se

Vehi cl e seat

Ai rbag interaction.

As di scussed bel ow, based on these tests, we tentatively concl ude
that the HI11-10C is capable of differentiating between restraint
systens and increnental inprovenents in restraint configurations. It
al so displayed sufficient durability in all environnments.

A. Sensitivity of Responses to Booster Seat Design

Tests were conducted with both dunmies in the FWSS No. 213
configuration with two different nakes of booster seats, the G aco
G and Cargo and the Century Breverra. These booster seats were chosen
because they appeared simlar in design and appeared to result in
simlar dumry postures in the pretest set-up.

[ [ Page 40288]]

In sled tests, the dunmes in each type of booster seat showed
simlar torso kinematics, except for sonme outboard rotation of the |egs
in the Century node. Test results indicate that both H I1-10C dunm es
were capable of simlar differentiation between booster seat nodels
t hrough response neasurenents. In the Gaco G and Cargo booster seat,
both dunm es exhibited very simlar inpact responses. In the Century
Breverra seat, simlarities in inpact responses between the dunm es
were somewhat | ess strong. It appears that relatively good consi stency
of the response by both dummes in the G aco G and Cargo booster seat
and sonmewhat | ess consistency by the sanme dunmes in the Century
Breverra seat were due to differences in the contai nnment
characteristics of the two booster seats during the test rather than
di fferences between the dunm es thensel ves.

B. Sensitivity of Response to Dummy's Posture

As expl ai ned previously, the H11-10C dunmy is capabl e of being
seated in a ~“slouched'' position, simlar to adol escent children
sitting in adult seats. The slouched position permts the | ower portion
of the dunmmy to be brought forward so that the knees can bend and
orient the |ower |egs downwards at the front of a seat. This forward
positioning of the | egs puts the slouched dumry's upper torso in a
reclined orientation approximtely 12 degrees fromthe normal upright
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torso orientation.\15\ In testing, the slouched dumm es " subnarined'
under the lap belt, denonstrating that the H11-10C is suitable for
detecting and assessing submarining tendencies within belt restraint-
seat systens that are not built to prevent such an event.

\'15\ Normal upright orientation neans the upper torso
m dsagittal backline is essentially parallel to the seat back
i ncline plan.

C. Sensitivity of Response of the Dummy in Three-Point Belt
Appl i cations

This series of tests was to determine if the dummy coul d
differentiate between properly and inproperly used shoul der belts when
a booster seat is not utilized, and also to eval uate inpact responses
between dumm es in three-point belt systens and booster seats. The
tests conpared the effects of belt placenent on the inpact kinematics
and response of the H I11-10C dunmy. Each dummy was seated on the FMWSS
No. 213 type bench seat in two repeated frontal inpact tests. To
represent incorrect three-point belt application (msuse), adult belt
restraints were applied on the upright-seated HI11-10C torso in the
normal manner, except that the shoul der belt, instead of being routed
over the shoul der, was routed under the seated dumy's arm

Each dumry placed in the m suse configuration exhibited distinctly
different kinematics fromwhen it was properly restrained. The upper
torso, while pitching forward, forced the shoul der belt to slide down
the torso towards the abdonmen to becone |like a lap belt. At extrene
fl exion, the upper torso jack-knifed over the belt restraint far enough
to allow the head to inpact the knees. However, during the upper torso
jack-knifing notion, the head novenent relative to the upper torso was
relatively small

Conparison of test data indicate that the HI1-10C dumy is
suitable for detecting and assessing m suse of the shoulder belt on the
child s upper torso. Msalignnent of the shoul der belt produces not
only a very |large chest deflection, but also can damage the chest
defl ecti on neasuring system However, since conpliance test conditions
do not typically include belt m suse eval uations, nechanical failure of
the deflection neasuring systemin this test set-up is of little
concern. Nonethel ess, the defl ection neasuring systemwould be able to
det ect whether a shoulder slid off the dummy's shoul der.

Dunmi es restrained in booster seats indicate fairly sizable inpact
response reductions over dumm es restrained in three-point belt
systens, except for relatively mnor differences in chest deflections.
Chest deflections of dumm es in booster seats were on the average about
5 percent higher than in three-point belt systens at conparabl e sled
i mpact speeds.

D. Sensitivity of Dummy Response and Durability in NCAP Pul se and
Different Restraint Systens

Subsequent to conpletion of the FWSS No. 213 type tests, the FTSS
and Denton dunm es were evaluated in a vehicle environnment at NCAP
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speed on the HYCE sled. The objectives were: (1) To evaluate the
dummy's durability under severe |oading conditions; (2) to conpare the
dummy' s responses in booster seat versus non-booster in nornmal seating
configurations, including the slouch posture; and (3) to neasure
differences in kinematic excursions of the head and knees in the
different test configurations. This sled was set up for this test
series to represent the vehicle environment of a 2000 Ford Expedition
XLT. The sled pul se was based on the NCAP 35 nph vehicle to barrier
crash acceleration profile.

For the dunmm es in booster seats and in normal upright and sl ouched
set-ups, the belt was positioned correctly by adjusting the D-ring
position. A Dring is the anchorage for a shoulder belt and its
position can be adjusted to enhance the correctness of shoul der belt
fit. For the slouch tests, the Dring was kept in the sane position as
for the normal upright posture, resulting in incorrect belt fit on the
dumy (shoul der belt nedial to the clavicle, and lap belt top surface
superior to the pelvis lip). As expected, the dunm es seated in booster
seats yielded significantly | ower response |evels than three-point
belted dumm es in upright and in slouched postures.\16\

\16\ While no durability problens were encountered in conmponent
certification and FMWSS No. 213 type sled tests, one type of a
probl em energed during the NCAP test series. Some ribs from both
dunmm es experienced del am nation of the danping material. Upon
i nvestigation, we prelimnarily determ ned that this problemis nost
likely related to either the manufacturing process or adhesive
selection, rather than a flaw in design. This was confirmed in
subsequent testing in which new ribsets of the sanme desi gn nounted
in the two dumm es survived well over 30 sled tests and nunerous
certification tests without indication of any structural or
functional failures. Accordingly, the agency believes that the ribs
pose neither fatigue nor durability issues.

While no durability problenms were encountered in conponent
certification and FWSS No. 213 type sled tests, one type of problem
energed during the NCAP test series. Sone ribs fromboth dumm es
experienced del am nation of the danping material. Upon investigation,
this was found to be an anomal ous initial manufacturing problem
because repl acenent ribsets used in subsequent dummy tests survived
wel |l over 30 relatively severe sled inpact exposures and nunerous
certification tests without indication of any structural or functional
failures. Accordingly, NHTSA believes that the ribs raise neither
fatigue nor durability issues.

VI. Dummy Performance in OOP Environnment

The HII1-10C was evaluated for its useful ness and robustness in the
static out-of-position (OOP) airbag conpliance test of FMVSS No. 208,
Qccupant crash protection. Under the requirenents of FWSS No. 208,
vehi cl e manufacturers may conply with an OOP air bag requirenment which,
in part, tests the interaction of an air bag and a child occupant under
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two ~worst-case'' scenarios. In those, the air bag is deployed with
the child' s head on the vehicle's instrunent panel (head-to-1P), and
the air bag is deployed with the child' s chest on the instrunment panel
(chest-to-1P). In testing the H1I-10C

[ [ Page 40289]]

under the OOP conditions, three objectives were of primary interest:
Eval uate the neck's durability;
Establ i sh the capacity and performance of the head/ neck

and thorax instrunentation,;
Det erm ne ease of dummy positioning for OOP testing.

1. Test Set-Up

In the head-to-IP tests, the neck angle was set at 16 degrees
flexion relative to the perpendicular to the neck base nounting pl ateau
so that the chin of the dummy was |level with the centerline of the
airbag flap. For the chest-to-1P position, the neck angl e was changed
to O degrees so that the head was not touching the w ndshield. The seat
back was reclined fully. The doorsill, striker face, and w ndshield
were used as neasurenent references to position the dunmy.

2. General Observations

Vi deo anal ysis of the dumm es' kinematics exhibited mniml torso
tw sting around the superior-inferior axis during the forward and
backward translation while in contact with the airbag. Chal k transfer
to the airbag, in addition to video analysis, did not show the airbag
entering the cavity between the chin and neck.

3. Neck Durability

The neck structure exhibited no visible danmage during the OOP
tests. Dummy calibration tests followng the OOP test series indicated
that both FTSS test dummy neck and Denton ATD test dunmy neck continued
to pass the calibration response requirenent in both flexion and
ext ensi on. Except for mnor abrasions and mini-tears to the chin area
of the head skin due to airbag nenbrane interaction, no other failures
wer e encount er ed.

4. Response Differences Due to Dummy Makes

Wth the exception of H C val ues, the average response val ues for
each dummy appear to be consistent with each another. The FTSS test
dummy experienced H C values of 91 and 169 for the head-to-IP and
chest-to-1P configurations, respectively. The Denton test dumy
experienced H C val ues of 179 and 589 for the head-to-1P and chest-to-
| P configurations, respectively. However, the small nunber of tests
prevents drawi ng definitive conclusions on differences between the two
dunmi es.

5. Dunmy Positioning

The I P positions for the Hybrid Il 6-year-old (H11-6C) found in
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S24. 4 of FMVSS No. 208 were used as reference. One nodification to the
procedure was required to better position the HI1-10C. In the chest IP
position, the |lower |egs below the femur were renoved to all ow m d-
chest contact with the IP without wedgi ng the head agai nst the

wi ndshi el d.

VI. Proposed Calibration Tests

The agency proposes the follow ng calibration test specifications
and procedures for the HI1-10C dumy. Performance certification
specifications woul d test response requirenents for conmponents of the
dummy (the head; neck; thorax; and knees), and a sem -static flexion
test of the upper torso with respect to the Iower torso of a fully
assenbl ed seated dummy.

A. Head Drop Specification

Since the HI1-10C head is the sane as the Hybrid Il small fenale
head, we are proposing the sanme head drop specification for the HII-
10C as that of the 49 CFR Part 572, Subpart O, Hybrid Ill 5th

Percentil e Femal e Test Dummy, Al pha Version. Under Subpart O the head
is dropped froma 376 mm hei ght targeting the forehead to i npact at the
m dsagittal plane a flat, rigid surface. Wen the dummy head is dropped
in accordance with the above test, the agency proposes the follow ng
certification specifications:

1. The peak resultant acceleration nmust not be |l ess than 250 g and
not nore than 300 g;

2. The resultant acceleration vs. tinme history curve shall be
uni nodal ; oscillations occurring after the main pul se nust be | ess than
10 percent of the peak resultant acceleration; and

3. The lateral acceleration shall not exceed 15 g (zero to peak).

B. Neck Pendul um Test

The proposed test procedure for the neck pendul umtest corresponds
to the calibration test specified for the Hybrid Ill series of test
dunmm es. Under the proposed procedure the head-neck assenbly woul d be
nount ed on the pendul um described in Figure 22 of 49 CFR part 572 so
that the | eading edge of the | ower neck bracket coincides with the
| eadi ng edge of the pendulum The pendul um would then be rel eased from
a height to achieve an inpact velocity of 6.1 0.12 ns
(20.0 0.4 ft/s) for flexion tests and 5.03
0.12 ns (16.50 0.4. ft/s) for extension tests. The
pendul um woul d then be stopped fromthe initial velocity with an
acceleration vs. time pulse that neets the velocity change as specified
bel ow. When the HII1-10C neck is tested in accordance with the proposed
test procedure, the follow ng specifications would have to be net:

1. Flexion

(a) The plane D (i.e., an imaginary plane perpendicular to the
skull cap/skull interface) shall rotate upon arrest of the pendul um
notion in the direction of pre-inpact flight with respect to the
pendul um s | ongi tudinal centerline between 74 and 88 degrees.

(b) During the tinme interval while rotation is within the specified
corridor, the peak nonent about the occipital condyles nust not be |ess
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than 50 Nm (36.9 ft-I1bf) and not nore than 62 NNm (45.7 ft-1bf).

(c) The positive noment shall decay for the first tine to 10 Nm
(7.4 ft-1bf) between 85 ns and 105 ns after tine zero.

2. Extension

(a) The plane D (i.e., an inmaginary plane perpendicular to the
skull cap/skull interface) shall rotate upon arrest of the pendul um
notion in the direction of pre-inpact flight with respect to the
pendul um s | ongi tudi nal centerline between 99 and 114 degrees.

(b) During the time interval while rotation is within the specified
corridor, the peak nonment about the occipital condyles nust not be |ess
than -35 Nm (-25.8 ft-Ibf) and not nore than -47 NNm (-34.7 ft-IDbf).

(c) The positive nonment shall decay for the first tinme to -10 Nm
(-7.4 ft-1bf) between 100 ns and 120 ns after tine zero.

C. Knee inpact

This calibration test would be perfornmed on a knee assenbly, which
consists of the | ower upper |eg assenbly, the knee and the dista
portion of the femur including the fenur | oad transducer or its
structural replacenent. Wen inpacted by the test pendulumat 2.1 m's,

t he peak knee response force would be required to be between 2560 N and
3140 N.

D. Thorax i npact

The thorax inpact calibration test would be perforned on a fully
assenbl ed, seated dunmy. The dunmy set-up and i npact procedures woul d
be simlar to that in 59 CFR Part 572, Subpart O Under the proposed
calibration requirenment, when the test probe inpacts the test dumy at
the chest mdsagittal plane below the nunber three rib, the follow ng
speci fications nmust be net:

[ [ Page 40290] ]

(1) The chest in penduluminpact at 6.0 ms devel ops a resistance
force between 1830 N and 2330 N at peak sternum defl ection between 40.5
nm and 48.5 mm and

(2) The force deflection plot is to have an internal hysteresis
bet ween the | oadi ng and unl oadi ng portions of the curve between 69
percent and 85 percent.

E. Torso fl exion

As with the thorax inpact calibration test, the torso flexion
calibration test would be perfornmed on a fully assenbl ed, seated dunmy.
The test procedure would determ ne the conbined stiffness of the nol ded
| unbar assenbly, abdomi nal insert, and chest flesh assenbly resisting
articul ati on between the upper torso assenbly and the | ower torso
assenbly. The resistance to flexion of the upper torso relative the
| ower torso at 35 deg. of upper torso rotation would be required to be
between 190 N and 240 N. Upon renoval of the force, the torso would be
required to return to within 8 degrees of it initial position

VI1. Benefits and Costs
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Direct safety benefits to the public by the issuance of this
regul ation are not quantifiable. However, the availability of this
dummy in a regulated format will have indirect safety benefits since it
will provide a nore suitable, stabilized, and objective test tool to
the safety community for use in research and devel opnment of inproved
after market and/or integrated restraint systens. In addition,
i ncorporation of the test dummry will permt CRS manufacturers to begin
of fering new CRS systens commercially with certification that they have
been proof tested with an appropriately used and certified test dummy.
The cost of an uninstrunented HI I1-10C dumry is approximtely
$32, 700. The cost for a mninmumset of instrunments for conpliance type
testing, which may include 3 accel eroneters each for the head, thorax,
and the pelvis, a chest deflection potentioneter, a force and nonent
transducer for the upper neck and the | unbar spine, and single axis
force transducer for each fenur would add approxi mately $46, 200. A ful
set of instrunentation as shown bel ow woul d add approxi nately $71, 900
to the cost of an uninstrumented dunmy.

Table VII1.--Instrunmentation Available for the HII-10C Dummy
Locati on Measur enment Nunber of channel s

Head CG*...................... Accel eration...... 3

Head Tilt Sensor................ Accel eration...... 1 (optional)

Upper Neck Load Cell*........... Forces & Monents.. 6

Lower Neck Load Cell............ Forces & Monents.. 6 (optional)

Thorax CG*.................... Accel eration...... 3

Shoulder*....................... Force............. 2

Sternunf. ... Di spl acement...... 1

Sternum ... .. Di spl acement (IR 2 (optional)

TRACC) .

Sternum ... Accel eration...... 2 (optional)

Spine.... ... .. ... Accel eration...... 2 (optional)

Lunbar Spine*................... Forces and Monents 3

Pelvis CG*.................... Accel eration...... 3

A-Plliac Spine*................ Forces............ 4

Femur*. ... ... ... .. ... .. .. ... ... Force............. 1 each rt<
(optional)

Fermur. . ... .. .. . .. Forces and Monments 6 each rt<
(optional)

M d-shaft Tibia................. Force............. 1 each rt<
(optional)

Md-shaft Tibia................. Forces and Monments 6 each rt<

(optional)
“Instruments intended to be used in NHTSA FWSS No. 213 type testing.
| X. Public Participation
How Do | Prepare and Submt Conmments?

Your comments nust be witten and in English. To ensure that your
comments are correctly filed in the Docket, please include the docket

http://a257.g.akamaitech.net/7/257/2422/01jan20051800/edocket.access.gpo.gov/2005/05-13659.htm (23 of 40) [19/07/2005 10:33:40 a.m.]



FR Doc 05-13659

nunber of this docunent in your comments.

Your comments must not be nore than 15 pages |long. (49 CFR 553.21).
NHTSA established this [imt to encourage you to wite your prinmary
comments in a concise fashion. However, you may attach necessary
addi ti onal docunents to your comments. There is no limt on the length
of the attachnments.

Pl ease submt two copies of your comments, including the
attachnments, to Docket Managenent at the address given above under
ADDRESSES.

You may al so submit your conmments to the docket electronically by
| oggi ng onto the Dockets Managenent System Wb site at http://dns. dot. gov.

Click on " "Help & Information'' or “~“Help/Info'' to obtain

instructions for filing the docunent el ectronically.
How Can | Be Sure That My Comments Were Recei ved?

If you wi sh Docket Managenment to notify you upon its receipt of
your comments, enclose a self-addressed, stanped postcard in the
envel ope contai ni ng your coments. Upon receiving your comrents, Docket
Managenent will return the postcard by mail

How Do | Submt Confidential Business |Informtion?

[f you wish to submt any information under a cl ai m of
confidentiality, you should submt three copies of your conplete
submi ssion, including the information you claimto be confidenti al
busi ness information, to the Chief Counsel, NHTSA, at the address given
above under FOR FURTHER | NFORMATI ON CONTACT. In addition, you should
submt two copies, fromwhich you have del eted the clained confidenti al
busi ness information, to Docket Managenent at the address given above
under ADDRESSES. Wen you send a conment containing information clainmed
to be confidential business information, you should include a cover
letter setting forth the information specified in our confidentia
busi ness information regulation. (49 CFR Part 512.)

W1l the Agency Consider Late Comrents?

NHTSA wi || consider all comrents that Docket Managenent receives
before the close of business on the coment

[ [ Page 40291]]

cl osing date indicated above under DATES. To the extent possible, the
agency will also consider comments that Docket Managenent receives
after that date. |If Docket Managenent receives a coment too |ate for
the agency to consider it in developing a final rule (assum ng that one
Is issued), the agency will consider that comment as an infornal
suggestion for future rul emaki ng action.

How Can | Read the Comments Submitted By O her People?
You may read the comrents received by Docket Managenent at the

address given above under ADDRESSES. The hours of the Docket are
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i ndi cat ed above in the sane | ocation.

You may al so see the coments on the Internet. To read the conments
on the Internet, take the foll ow ng steps:

1. Go to the Docket Managenent System (DMS) Wb page of the
Departnment of Transportation (http://dns. dot.gov/).

2. On that page, click on " “search.’
3. On the next page (http://dns. dot.gov/search/), type in the four-

di git docket number shown at the beginning of this docunent. Exanpl e:
| f the docket number were °~ " NHTSA-1998-1234,'' you would type "~ 1234."'
After typing the docket nunber, click on "~ “search.’

4. On the next page, which contains docket summary information for
t he docket you selected, click on the desired comments. You may
downl oad the comments. Although the coments are i naged docunents,

i nstead of word processing docunents, the "~ “pdf'' versions of the
docunents are word searchabl e.

Pl ease note that even after the comment closing date, NHTSA wl|
continue to file relevant information in the Docket as it becones
avail abl e. Further, some people may submt |ate comments. Accordingly,
t he agency recomends that you periodically check the Docket for new
mat eri al .

Anyone is able to search the electronic formof all comments
received into any of our dockets by the name of the individua
subm tting the comrent (or signing the comment, if submtted on behalf
of an associ ation, business, |abor union, etc.). You may review DOT's
conplete Privacy Act Statement in the Federal Register published on
April 11, 2000 (Volume 65, Nunmber 70; Pages 19477-78) or you may visit
http://dns. dot. gov.

X. Rul emaki ng Anal yses and Noti ces
Executive Order 12866 and DOT Regul atory Policies and Procedures

Executive Order 12866, "~ Regulatory Planning and Review' (58 FR
51735, COctober 4, 1993), provides for making deterni nati ons whet her a
regul atory action is ~"significant'' and therefore subject to Ofice of
Managenent and Budget (OVB) review and to the requirenents of the
Executive Order. This rul emaki ng action was not considered a
significant regulatory action under Executive O der 12866. This
rul emaki ng acti on was al so determined not to be significant under the
Department of Transportation's (DOT's) regul atory policies and
procedures (44 FR 11034, February 26, 1979). The cost of an
uni nstrumented H 11-10C is approxi mately $32,700. Instrunmentati on woul d
add approximately $46, 200 for minimum requirenments and approxi mately
$71,900 for maxi muminstrunmentation to the cost of the dunmy.

Thi s docunment proposes to anend 49 CFR Part 572 by addi ng design
and performance specifications for a test dunmy representative of a
ten-year-old child that the agency may use in research and in
conpliance tests of the Federal child restraint systemsafety
standards. If this proposed Part 572 rule becones final, it would not
| npose any requi renents on anyone. Businesses would be affected only if
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t hey choose to manufacture or test with the dummy. Because the economc
I npacts of this proposal are mnimal, no further regulatory eval uation
I S necessary.

Regul atory Flexibility Act

Pursuant to the Regulatory Flexibility Act (5 U S.C. 601 et seq.
as anmended by the Small Busi ness Regul atory Enforcenent Fairness Act
(SBREFA) of 1996), whenever an agency is required to publish a proposed
or final rule, it nust prepare and make avail able for public comment a
regulatory flexibility analysis that describes the effect of the rule
on small entities (i.e., small businesses, small organizations, and
smal | governnental jurisdictions), unless the head of the agency
certifies the rule will not have a significant econom c inpact on a
substantial nunber of small entities. The Smal | Busi ness
Adm ni stration's regulations at 13 CFR Part 121 define a smal
busi ness, in part, as a business entity "~ which operates primarily
within the United States.'' (13 CFR 121.105(a)).

We have considered the effects of this rul emaki ng under the
Regul atory Flexibility Act. | hereby certify that the proposed
rul emaki ng acti on woul d not have a significant econom c inmpact on a
substantial nunber of small entities. This action would not have a
significant econom c inmpact on a substantial number of small entities
because the addition of the test dummy to Part 572 woul d not inpose any
requi renments on anyone. NHTSA woul d not require anyone to manufacture
the dunmy or to test notor vehicles or notor vehicle equipment with it.

Nati onal Environmental Policy Act

NHTSA has anal yzed this proposal for the purposes of the National
Environnmental Policy Act and determned that it will not have any
significant inpact on the quality of the human environnent.

Executive Order 13045

Executive Order 13045 (62 FR 19885, April 23, 1997) applies to any
rule that: (1) is determned to be " “economically significant'' as
defined under E. O 12866, and (2) concerns an environnmental, health, or
safety risk that NHTSA has reason to believe nmay have a
di sproportionate effect on children. If the regulatory action neets
both criteria, we nust evaluate the environnental health or safety
effects of the planned rule on children, and explain why the planned
regulation is preferable to other potentially effective and reasonably
feasi ble alternatives considered by us.

This proposed rule is not subject to the Executive Order because it
is not economically significant as defined in E. O 12866

Executive Order 13132 (Federalisn

Executive Order 13132 requires agencies to devel op an account abl e
process to ensure " neaningful and tinely input by State and | oca
officials in the devel opnment of regulatory policies that have
federalisminplications.'' "~"Policies that have federalism
inplications'' is defined in the Executive Order to include regul ations
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that have " “substantial direct effects on the States, on the

rel ati onshi p between the national governnment and the States, or on the
di stribution of power and responsibilities anong the various |evels of
governnent . '’

NHTSA has anal yzed this proposed anendnent in accordance with the
principles and criteria set forth in Executive Oder 13132. The agency
has determ ned that this proposal does not have sufficient federalism
i nplications to warrant consultation and the preparation of a
Federal i sm Assessnent.

Cvil Justice Reform

Thi s proposed rule would not have any retroactive effect. Under 49
U S C

[ [ Page 40292]]

30103, whenever a Federal notor vehicle safety standard is in effect, a
State may not adopt or maintain a safety standard applicable to the
sanme aspect of performance which is not identical to the Federal
standard, except to the extent that the state requirenent inposes a

hi gher | evel of performance and applies only to vehicles procured for
the State's use. 49 U. S.C. 30161 sets forth a procedure for judicial
review of final rules establishing, anmending, or revoking Federal notor
vehi cl e safety standards. That section does not require subm ssion of a
petition for reconsideration or other adm nistrative proceedi ngs before
parties may file suit in court.

Paperwor k Reduction Act

Under the Paperwork Reduction Act of 1995, a person is not required
to respond to a collection of information by a Federal agency unless
the collection displays a valid control nunber fromthe Ofice of
Managenent and Budget (OVB). This proposed rul e woul d not have any
requi renents that are considered to be information collection
requi renents as defined by the OMB in 5 CFR Part 1320.

Nat i onal Technol ogy Transfer and Advancenent Act

Section 12(d) of the National Technol ogy Transfer and Advancenent
Act of 1995 (NTTAA), Public Law 104-113, section 12(d) (15 U S.C. 272)
directs NHTSA to use voluntary consensus standards in its regulatory
activities unless doing so would be inconsistent with applicable | aw or
ot herwi se inpractical. Voluntary consensus standards are technica
standards (e.g., materials specifications, test nethods, sanpling
procedures, and busi ness practices) that are devel oped or adopted by
vol untary consensus standards bodi es. The NITAA directs NHTSA to
provi de Congress, through OVB, explanations when the agency deci des not
to use avail abl e and applicable voluntary consensus standards. The
proposed test dumry and certification requirenents have been based on
the work of the SAE DFTG Differences between the DFTG reconmendati ons
and this proposal are mnor and are based on additional research
performed by the agency.
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Unf unded Mandat es Ref orm Act

Section 202 of the Unfunded Mandates Reform Act of 1995 (UMRA),
Public Law 104-4, requires Federal agencies to prepare a witten
assessnment of the costs, benefits, and other effects of proposed or
final rules that include a Federal mandate likely to result in the
expenditure by State, local, or tribal governnents, in the aggregate,
or by the private sector, of nore than $100 nillion annually (adjusted
for inflation with base year of 1995). Before pronul gati ng an NHTSA
rule for which a witten statenent is needed, section 205 of the UVRA
generally requires the agency to identify and consider a reasonable
nunber of regulatory alternatives and adopt the |east costly, npst
cost-effective, or |east burdensone alternative that achieves the
obj ectives of the rule.

Thi s proposed rule would not inpose any unfunded mandates under the
UVRA. This proposed rule would not neet the definition of a Federal
mandat e because it woul d not inpose requirenents on anyone. It would
anend 49 CFR Part 572 by addi ng design and performance specifications
for a 10-year-old test dunmy that the agency may use in the Federa
notor vehicle safety standards. If this proposed rule becones final, it
woul d affect only those businesses that choose to manufacture or test
with the dummy. It would not result in costs of $100 mllion or nore to
either State, local, or tribal governnents, in the aggregate, or to the
private sector.

Pl ai n Language

Executive Order 12866 requires each agency to wite all rules in
pl ai n | anguage. Application of the principles of plain |anguage
I ncl udes consi deration of the foll ow ng questions:

--Has the agency organi zed the naterial to suit the public's needs?
--Are the requirements in the rule clearly stated?
--Does the rule contain technical |anguage or jargon that is not clear?
--Wuld a different format (grouping and order of sections, use of
headi ngs, paragraphing) make the rul e easier to understand?
--Woul d nore (but shorter) sections be better?
--Coul d the agency inprove clarity by adding tables, lists, or
di agrans?
--What el se could the agency do to nake this rul emaking easier to
under st and?

If you have any responses to these questions, please include them
in your comments on this NPRM

Regul ation Identifier Nunber

The Departnent of Transportation assigns a regulation identifier
nunmber (RIN) to each regulatory action listed in the Unified Agenda of
Federal Regul ations. The Regul atory Information Service Center
publ i shes the Unified Agenda in April and Cctober of each year. You may
use the RIN contained in the heading at the begi nning of this docunent
to find this action in the Unified Agenda.

Li st of Subjects in 49 CFR Part 572
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Mot or vehicle safety, Incorporation by reference.

In consideration of the foregoing, NHTSA is proposing to anend 49
CFR Part 572 as foll ows:

PART 572-- ANTHROPOVORPHI C TEST DUW ES

1. The authority citation for Part 572 would continue to read as
fol |l ows:

Authority: 49 U. S. C. 322, 30111, 30115, 30117 and 30166;
del egation of authority at 49 CFR 1.50.

2. 49 CFR part 572 woul d be anended by adding a new subpart T to
read as foll ows:
Subpart T--Hybrid Il 10-Year-AOd Child Test Dumy (H 11-10C)
Sec.
572. 170 Incorporation by reference.
572.171 Ceneral description
572.172 Head assenbly and test procedure.
572.173 Neck assenbly and test procedure.
572.174 Thorax assenbly and test procedure.
572.175 Upper and |ower torso assenblies and torso flexion test
pr ocedure.
572.176 Knees and knee inpact test procedure.
572.177 Test conditions and instrunentation.
Appendi x- - Figures to Subpart T of Part 572

Sec. 572.170 Incorporation by reference.

(a) The following materials are hereby incorporated into this
Subpart by reference:

(1) A drawi ngs and inspection package entitled " Draw ngs and
Specifications for the "~ "Hybrid Ill 10-year-old Child Test Dummy (HII1-
10C), April 2005, consisting of:

(i) Drawi ng No. 420-0000, Conplete Assenbly H Il 10-year-old,

i ncorporated by reference in Sec. 572.171 and Sec. 572.177.

(ii) Drawing No. 420-100, Head Assenbly, incorporated by reference
in Sec. 572.171, Sec. 572.172, Sec. 572.173, and Sec. 572.177.

(iii) Drawing No. 420-2000, Neck Assenbly, incorporated by
reference in Sec. 572.171, Sec. 572.173, and Sec. 572.177.

(iv) Drawi ng No. 420-3000, Upper Torso Assenbly, incorporated by
reference in Sec. 572.171, Sec. 572.174, Sec. 572.175, and Sec.
572.177.

(v) Drawi ng No. 420-4000, Lower Torso Assenbly, incorporated by
reference in Sec. 572.171, Sec. 572.175, and Sec. 572.177.

(vi) Drawi ng No. 420-5000-1, Conplete Leg Assenbly--left,

i ncorporated by reference in Sec. 572.171, Sec. 572.176, and Sec.
572.177.

[ [ Page 40293]]
(vii) Drawi ng No. 420-5000-2, Conplete Leg Assenbly--right,
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i ncorporated by reference in Sec. 572.171, Sec. 572.176, and Sec.
572.177.

(viii) Drawi ng No. 420-7000-1, Conplete Arm Assenbly--left, and

(ix) Drawi ng No. 420-7000-2, Conplete Arm Assenbly--right.

(2) A procedures nmanual entitled " Procedures for Assenbly,

Di sassenbly and I nspection (PADI) of the Hybrid IIl 10-year-old Child
Test Dumy (HI11-10C), April 2005"'

(3) SAE Recommended Practice J211, Rev. Mar 95 " Instrunentation
for Inpact Tests "~ Part 1--Electronic Instrunentation'';

(4) SAE J1733 of 1994-12 ""Sign Convention for Vehicle Crash
Testing' '.

(b) The Director of the Federal Register approved the nmaterials
i ncorporated by reference in accordance with 5 U. S.C. 552(a) and 1 CFR
part 51. Copies of the materials nmay be inspected at NHTSA's Techni cal
Ref erence Library, 400 Seventh Street S.W, room 5109, Washi ngton, DC
or at the Ofice of the Federal Register, 800 North Capitol Street,
NW, Suite 700, Washington, DC

(c) The incorporated nmaterials are avail able as foll ows:

(1) The Drawi ngs and Specifications for the Hybrid Ill 10-year-old
Child Test Dunmmy (HII1-10C), April 2005, referred to in paragraph
(a)(1) of this section and the Procedures for Assenbly, D sassenbly and
| nspection (PADI) of the Hybrid Il1l 10-year-old Child Test Dumry (HII-
10C), April 2005, referred to in paragraph (a)(2) of this section, are
avai l abl e through the DOT Docket Managenment System Docket No. 7659,
dns. dot.gov. They are al so avail able from Leet-Mel brook, Division of
New RT, 1881 Wodfield Rd., Gaithersburg, M. 20879, (301) 670-0090

(2) The SAE materials referred to in paragraphs (a)(3) and (a)(4)
of this section are available fromthe Society of Autonotive Engi neers,
Inc., 400 Commonweal th Drive, Warrendal e, Pa. 15096.

Sec. 572.171 General description

(a) Hybrid Ill 10-year-old Child Crash Test Dumry (H 11-10C) is
defined by drawi ngs and specifications containing the foll ow ng
mat eri al s:

(1) Technical drawi ngs and specifications package P/ N 420-0000, the
titles of which are listed in Table A

(2) Procedures for Assenbly, Disassenbly and Inspection (PADI) of

the Hybrid I1l 10-year-old Child Test Dunmy (HII1-10C), (April 2005).
Table A
Dr awi ng
Conmponent assenbly nunber

Head Assenbly. . ... ... . . . 420- 100
Neck Assenbly. ... .. ... .. . 420- 2000
Upper Torso Assenbly. ......... .. 420- 3000
Lower Torso Assenbly.......... ... .. 420- 4000
Conpl ete Leg Assenbly--left... ... ... .. ... . .. .. . .. . ... ... 420-5000-1
Compl ete Leg Assenmbly--right........... ... .. ... .. ...... 420-5000- 2
Complete Arm Assenmbly--left....... ... ... .. . . . . . .. ... .... 420- 7000-1
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(b) Adjacent segnents are joined in a manner such that, except for
contacts existing under static conditions, there is no contact between
netallic el ements throughout the range of notion or under sinulated
crash inpact conditions.

(c) The structural properties of the dumry are such that the dumy
conforms to this Subpart in every respect before use in any test
simlar to those specified in Standard 213, Child Restraint Systens,
and Standard 208, Cccupant Crash Protection.

Sec. 572.172 Head assenbly and test procedure.

(a) The head assenbly for this test consists of the conplete head
(drawi ng 420-100), a six-axis neck transducer (drawi ng SA572-S11) or
its structural replacenent (draw ng 78051-383X), and 3 accel eroneters
(drawi ng SA572-3$4).

(b) When the head assenbly is dropped froma height of 376.0 < plus-
mnus> 1.0 nm (14.8 0.04 in) in accordance wth paragraph
(c) of this section, the peak resultant acceleration at the |ocation of
the accel eroneters at the head CG nay not be |less than 250 G or nore
than 300 G The resultant acceleration vs. tinme history curve shall be
uni nodal ; oscillations occurring after the main pul se nust be | ess than
10 percent of the peak resultant acceleration. The | ateral acceleration
shall not exceed 15 G (zero to peak).

(c) Head test procedure. The test procedure for the head is as
fol |l ows:

(1) Soak the head assenbly in a controlled environnment at any
tenperature between 18.9 and 25.6 [deg]C (66 and 78 [deg]F) and a
relative humdity from 10 to 70 percent for at |east four hours prior
to a test.

(2) Prior to the test, clean the inpact surface of the skin and the
I npact plate surface with isopropyl alcohol, trichloroethane, or an
equi val ent. The skin of the head nust be clean and dry for testing.

(3) Suspend and orient the head assenbly as shown in Figure T1. The
| owest point on the forehead nust be 376.0 1.0 nmm (14.8

0.04 in) fromthe inpact surface. The 1.57 nm (0.062 in)
di aneter holes |l ocated on either side of the dummy's head shall be used
to ensure that the head is level with respect to the inpact surface.

(4) Drop the head assenbly fromthe specified hei ght by neans that
ensure a snooth, instant release onto a rigidly supported fl at
hori zontal steel plate which is 50.8 mm (2 in) thick and 610 mm (24 in)
square. The inpact surface shall be clean, dry and have a mcro finish
of not less than 203.2 x 10-\6\ nm (8 mcro inches) (RWVbB)
and not nore than 2032.0x10-\6\ mm (80 m cro inches) (RWS).

(5) Allow at |east 2 hours between successive tests on the sane
head.

Sec. 572.173 Neck assenbly and test procedure.

(a) The neck assenbly for the purposes of this test consists of the
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assenbly of conponents shown in draw ng 420-2000.

(b) Wien the head-neck assenbly consisting of the head (draw ng
420-100), neck (draw ng 420-2000), six-channel neck transducer (SA572-
S11), lower neck bracket assenbly (420-2070), and either three uniaxial
accel eroneters (drawi ng SA572-S4) or their mass equivalent installed in
the head assenbly as specified in drawing 420-100, is tested according
to the test procedure in paragraph (c) of this section, it shall have
the foll ow ng characteristics:

(1) Flexion. (i) Plane D, referenced in Figure T2, shall rotate in
the direction of preinpact flight with respect to the pendul um s
| ongi tudi nal centerline between 74 degrees and 88 degrees. During the
time interval while the rotation is within the specified corridor, the
peak nonent, neasured by the neck transducer (draw ng SA572-S11), about
the occipital condyles nmay not be less than 50 Nm (36.9 ft-1bf) and
not nore than 62 NNm (45.7 ft-1bf). The positive nonent shall decay for
the first time to 10 Nm (7.4 ft-1bf) between 85 ns and 105 ns after
time zero.

(ii) The monment shall be calculated by the follow ng fornula:
Monment (NNmM = MWy - (0.01778m) x (Fx).

(ii1) My is the nonent about the y-axis, Fx
is the shear force neasured by the neck transducer (draw ng SA572-S11),
and 0.01778mis the distance fromthe shear force to the occipita
condyl e.

(2) Extension. (i) Plane D, referenced in Figure T3, shall rotate
in the direction of preinpact flight with respect to the pendul un s
| ongi tudi nal centerline between 99 degrees and 114 degrees. During the
time interval while the rotation is within the specified
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corridor, the peak nonent, neasured by the neck transducer (draw ng
SA572-S11), about the occipital condyles nmay not be nore than -35 N-m
(-25.8 ft-1bf) and not less than -47 Nm (-34.7 ft-1bf). The positive
nonent shall decay for the first time to -10 Nm(-7.4 ft-1bf) between
100 nms and 120 ns after tinme zero.

(ii) The nonment shall be cal cul ated by the foll ow ng fornula:
Moment (NNmM) = My - (0.01778m x (Fx).

(ii1) My is the nonent about the y-axis, Fx
Is the shear force neasured by the neck transducer (draw ng SA572-S11),
and 0.01778mis the distance fromthe shear force to the occipita
condyl e.

(3) Time zero is defined as the time of initial contact between the
pendul um stri ker plate and the honeyconb nmaterial. All data channels
shall be at the zero level at this tine.

(c) Test Procedure. The test procedure for the neck assenbly is as
fol | ows:

(1) Soak the neck assenbly in a controlled environnment at any
tenperature between 20.6 and 22.2 [deg]C (69 and 72 [deg]F) and a
relative humdity between 10 and 70 percent for at |east four hours
prior to a test.

(2) Torque the hex nut (drawi ng 9000130) on the neck cable (draw ng
420-2060) to 0.9 0.2 Nm (8 2 in-Ibf) before
each test on the sanme neck.
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(3) Mount the head-neck assenbly, defined in subsection (b) of this
section, on the pendul um described in Figure 22 of 49 CFR 572 so that
the | eadi ng edge of the |ower neck bracket coincides with the |eading
edge of the pendulumas shown in Figure T2 for flexion tests and Figure
T3 for extension tests.

(4)(i) Release the pendulumand allow it to fall freely froma
hei ght to achi eve an inpact velocity of 6.1 0.12 mis (20.0

0.4 ft/s) for flexion tests and 5.03 0.12 nfs

(16.50 0.40 ft/s) for extension tests, nmeasured by an

accel eroneter nounted on the pendul umas shown in Figure T2 at the
i nstant of contact with the honeyconb.

(ii) Stop the pendulumfromthe initial velocity with an
acceleration vs. tinme pulse that neets the velocity change as specified
bel ow. Integrate the pendul um accel erati on data channel to obtain the
velocity vs. tinme curve:

Tabl e B. - - Pendul um Pul se

Fl exi on
Ext ensi on
Time (mB) = eeeee e eeeeeeccncieeceeoceaaa
ms ft/s
ni's ft/s
10, . 1.64-2.04 5.38-6.69
1.59-1.89 4.89-6. 20
20, 3.04-4.04 9.97-13. 25
2.88-3.68 9.45-12. 07
30, L 4, 45-5. 65 14. 60-18. 53
4.20-5.20 13.78-17. 06

Sec. 572.174 Thorax assenbly and test procedure.

(a) The thorax consists of the part of the torso assenbly
designated as the upper torso (draw ng 420-3000).

(b) When the anterior surface of the thorax of a conpletely
assenbl ed dunmy (drawi ng 420-0000) is inmpacted by a test probe
conformng to section 572.177 at 6.00 0.12 nls (22.0

0.4 ft/s) according to the test procedure in paragraph (c)
of this section:

(1) Maxi mum st ernum di spl acenent (conpression) relative to the
spine, neasured with chest deflection transducer (drawi ng SA572-T4),
nmust be not less than 40.5 mm (1.59 in) and not nore than 48.5 mm (1.91
in). Wthin this specified conpression corridor, the peak force,
measured by the inpact probe as defined in section 572.177 and
cal cul ated in accordance with paragraph (b)(3) of this section, shal
not be |l ess than 1830 N (411 | bf) and not nore than 2330 N (524 |bf).
The peak force after 20 mm (0.79 in) of sternum di spl acenent but before
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reaching the mninmumrequired 40.5 mm (1.59 in) sternum di spl acenment
limt shall not exceed 2330 N (524 |bf).

(2) The internal hysteresis of the ribcage in each inpact as
determ ned by the plot of force vs. deflection in paragraph (a)(1) of
this section shall be not |less than 69 percent but not nore than 85
percent. The hysteresis shall be calculated by determ ning the ratio of
the area between the loading (fromtinme zero to nmaxi mum defl ection) and
unl oadi ng portions (from maxi mum defl ection to zero force) of the force
defl ection curve to the area under the | oading portion of the curve.

(3) The force shall be cal cul ated by the product of the inpactor
mass and its measured decel eration

(b) Test Procedure. The test procedure for the thorax assenbly is
as follows:

(1) The dummy is clothed in a formfitting cotton stretch above-

t he- el bow sl eeved shirt and above-the-knees pants. The wei ght of the
shirt and pants shall not exceed 0.14 kg (0.30 |Ib) each

(2) Torque the lunbar cable (drawi ng 420-4130) to 0.9
0.2 Nm(8 2 in-Ibf) and set the lunbar adjustnent angle
to 12 degrees. Set the neck angle to 16 degrees.

(3) Soak the dunmmy in a controlled environnment at any tenperature
between 20.6 and 22.2 [deg]C (69 and 72 [deg]F) and a relative humdity
between 10 and 70 percent for at |east four hours prior to a test.

(4) Seat and orient the dummy on a seating surface w thout back
support as shown in Figure T4, with the |inbs extended horizontally and
forward, parallel to the mdsagittal plane, the mdsagittal plane
vertical within 1 degree and the ribs level in the
anterior-posterior and lateral directions within 0.5
degr ees.

(5) Establish the inmpact point at the chest mdsagittal plane so
that the inpact point of the |longitudinal centerline of the probe
coincides with the mdsagittal plane of the dumry within
2.5m (0.1 in) and is 12.7 1.1 nm (0.5 0.04
in) below the horizontal -peripheral centerline of the No. 3 rib and is
within 0.5 degrees of a horizontal line in the dunmy's nidsagitta
pl ane.

(6) Inpact the thorax with the test probe so that at the nonment of
contact the probe's longitudinal centerline falls within 2 degrees of a
horizontal line in the dummy's mdsagittal plane.

(7) Quide the test probe during inpact so that there is no
significant |ateral, vertical, or rotational novenent.

(8) No suspension hardware, suspension cables, or any other
attachnments to the probe, including the velocity vane, shall nake
contact with the dummy during the test.

Sec. 572.175 Upper and |lower torso assenblies and torso flexion test
procedure.

(a) The test objective is to determ ne the stiffness of the nol ded
| unbar assenbly (draw ng 420-4100), abdom nal insert (draw ng 420-
4300), and chest flesh assenbly (draw ng 420-3560) on resistance to
articul ation between the upper torso assenbly (draw ng 420-3000) and
| ower torso assenbly (draw ng 420-4000).
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(b) When the upper torso assenbly of a seated dumry is subjected to
a force continuously applied at the head to neck pivot pin |evel
through a rigidly attached adaptor bracket as shown in
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Figure T5 according to the test procedure set out in paragraph (c) of
this section:

(1) The lunbar spine-abdonen-chest flesh assenbly shall flex by an
anount that permts the upper torso assenbly to translate in angul ar
notion relative to the vertical transverse plane 35 0.5
degrees at which tinme the force applied nust be not |ess than 190 N
(42.7 I bf) and not nore than 240 N (54.0 | bf).

(2) Upon renoval of the force, the torso assenbly nust return to
within 8 degrees of its initial position.

(c) Test Procedure. The test procedure for the upper/lower torso
assenbly is as foll ows:

(1) Torque the lunbar cable (drawi ng 420-4130) to 0.9
0.2 Nm(8 2 in-Ibf) and set the |unbar adjustnent angle
to 12 degrees. Set the neck angle to 16 degrees.

(2) Soak the dummy in a controlled environnment at any tenperature
between 20.6 and 22.2 [deg]C (69 and 72 [deg]F) and a relative humdity
between 10 and 70 percent for at |east four hours prior to a test.

(3) Assenble the conplete dummy (with or without the | egs below the
femurs) and attach to the fixture in a seated posture as shown in
Fi gure T5.

(4) Secure the pelvis to the fixture at the pelvis instrunent
cavity rear face by threading four \1/4\ inch cap screws into the
avai |l abl e threaded attachnent holes. Tighten the nountings so that the
test material is rigidly affixed to the test fixture and the pelvic-
| unbar joining surface is 18 degrees from horizontal and the |l egs are
parallel with the test fixture.

(5) Attach the | oadi ng adaptor bracket to the spine of the dumry as
shown in Figure T5.

(6) Inspect and adjust, if necessary, the seating of the abdom nal
insert within the pelvis cavity and with respect to the chest flesh,
assuring that the chest flesh provides uniformfit and overlap with
respect to the outside surface of the pelvis flesh.

(7) Flex the dummy's upper torso three tines between the vertical
and until the torso reference frane, as shown in Figure T5, reaches 30
degrees fromthe vertical transverse plane. Bring the torso to verti cal
orientation and wait for 30 m nutes before conducting the test. During
the 30-m nute waiting period, the dummy's upper torso shall be
externally supported at or near its vertical orientation to prevent it
from dr oopi ng.

(8) Renpbve all external support and wait two minutes. Measure the
initial orientation angle of the torso reference plane of the seated,
unsupported dumry as shown in Figure T5. The initial orientation angle
may not exceed 20 degrees.

(9) Attach the pull cable and the I oad cell as shown in Figure T5.
(10) Apply a tension force in the mdsagittal plane to the pul
cable as shown in Figure T5 at any upper torso deflection rate between
0.5 and 1.5 degrees per second, until the angle reference plane is at
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35 0.5 degrees of flexion relative to the vertica
transverse pl ane.

(11) Continue to apply a force sufficient to maintain 35 < plus-
m nus> 0.5 degrees of flexion for 10 seconds, and record the highest
applied force during the 10-second peri od.

(12) Release all force at the attachnment bracket as rapidly as
possi bl e, and neasure the return angle with respect to the initial
angl e reference plane as defined in paragraph (c)(7) of this section
three mnutes after the rel ease.

Sec. 572.176 Knees and knee inpact test procedure.

(a) The knee assenbly for the purpose of this test is the part of
the | eg assenbly shown in draw ng 420-5000.

(b) When the knee assenbly, consisting of |ower upper |eg assenbly
(420-5200), ferur |oad transducer (SA572-S10) or its structural
repl acenent (127-4007), |lower |eg assenbly (420-5300), ankle assenbly
(420-5400), and foot nol ded assenbly (420-5500) is tested according to
the test procedure in paragraph (c) of this section:

(1) The peak resistance force as neasured with the test probe-
nmount ed accel eroneter nust not be |ess than 2560 N (576 | bf) and not
nore than 3140 N (706 | bf).

(2) The force shall be cal cul ated by the product of the inpactor
mass and its decel erati on.

(c) Test Procedure. The test procedure for the knee assenbly is as
fol | ows:

(1) Soak the knee assenbly in a controlled environnment at any
tenperature between 20.6 and 22.2 [deg]C (69 and 72 [deg]F) and a
relative humdity between 10 and 70 percent for at |east four hours
prior to a test.

(2) Mount the test material and secure it to a rigid test fixture
as shown in Figure T6. No part of the foot or tibia may contact any
exterior surface.

(3) Align the test probe so that throughout its stroke and at
contact with the knee it is within 2 degrees of horizontal and
collinear with the longitudinal centerline of the fenur.

(4) Quide the pendulum so that there is no significant |ateral,
vertical, or rotational novenent at the tine of initial contact between
the i nmpactor and the knee.

(5) The test probe velocity at the tine of contact shall be 2.1

0.03 ms (6.9 0.1 ft/s).

(6) No suspension hardware, suspension cables, or any other
attachnents to the probe, including the velocity vane, shall nake
contact with the dunmy during the test.

Sec. 572.177 Test conditions and i nstrunentati on.

(a) The test probe for thoracic inpacts shall be of rigid netallic
construction, concentric in shape, and symetric about its |ongitudinal
axis. It shall have a nmass of 6.89 0.012 kg (15.2 0.05 I bs) and a m ni rum nass
nonent of inertia of 2040 kg-
cn? (1.69 Ibf-in-sec\2\) in yaw and pitch about the CG One-
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third (\1/3\) of the weight of the suspension cables and their
attachnments to the inpact probe nust be included in the cal cul ati on of
mass, and such conponents nmay not exceed five percent of the total
wei ght of the test probe. The inpacting end of the probe, perpendicul ar
to and concentric with the longitudinal axis, nust be at |east 25.4 nmm
(1.0 in) long, and have a flat, continuous, and non-deformable 121
0.25 mMmm (4.76 0.01 in) dianeter face with a
maxi mrum edge radius of 12.7 nm (0.5 in). The probe's end opposite to
the i nmpact face nmust have provisions for nmounting of an accel eroneter
with its sensitive axis collinear with the longitudinal axis of the
probe. No concentric portions of the inpact probe may exceed the
di aneter of the inpact face. The inpact probe shall have a free air
resonant frequency of not |ess than 1000 Hz, which nmay be determ ned
using the procedure |listed in Docket No. NHTSA- 7659- 6.

(b) The test probe for knee inpacts shall be of rigid netallic
construction, concentric in shape, and symmetric about its | ongitudinal
axis. It shall have a mass of 1.91 0.01 kg (4.21 0.02 Ibs) and a m ni mrum nmass
nonent of inertia of 140 kg-cm 2\

(0.12 I bf-in-sec\2\) in yaw and pitch about the CG One third (\1/3\)
of the weight of the suspension cables and their attachnents to the

I npact probe may be included in the cal culation of mass, and such
conponents may not exceed five percent of the total weight of the test
probe. The inpacting end of the probe, perpendicular to and concentric
with the longitudinal axis, nust be at least 12.5 mm (0.5 in) |long, and
have a flat, continuous, and non-deformable 76.2 0.2 mm

(3.00 0.01 in) diameter face with a maxi num edge radi us of

12.7 mm (0.5 in). The probe's end opposite to the inpact face nust have
provi sions for nmounting an acceleroneter with its sensitive axis
collinear with the
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| ongi tudi nal axis of the probe. No concentric portions of the inpact
probe may exceed the dianeter of the inpact face. The inpact probe nust
have a free air resonant frequency of not |ess than 1000 Hz, which may
be determ ned using the procedure listed in Docket No. NHTSA-7659- 6.

(c) Head accel eroneters shall have di nensi ons, response
characteristics, and sensitive nmass |ocations specified in draw ng
SA572-S4 and be nmounted in the head as shown in draw ng 420- 0000, sheet
2 of 6.

(d) The upper neck force/ nonment transducer shall have the
di mensi ons, response characteristics, and sensitive axis |ocations
specified in drawi ng SA572-S11 and be nmounted in the head-neck assenbly
as shown in drawi ng 420- 0000, sheet 2 of 6.

(e) The thorax accel eroneters shall have the di nensions, response
characteristics, and sensitive mass | ocations specified in draw ng
SA572-S4 and be nounted in the torso assenbly in a triaxia
configuration within the spine box instrunmentation cavity.

(f) The lunbar spine force-nonent transducer shall have the
di mensi ons, response characteristics, and sensitive axis |ocations
specified in drawi ng SA572-S12 and be nmounted in the | ower torso
assenbly as shown in draw ng 420-4000.

(g) The iliac spine force transducers shall have the di nensions and
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response characteristics specified in drawi ng SA572-S13 L&R and be
nounted in the |ower torso assenbly as shown in draw ng 420-4000.

(h) The pelvis acceleroneters shall have the di nensions, response
characteristics, and sensitive mass | ocations specified in draw ng
SA572-S4 and be nounted in the torso assenbly in triaxial configuration
in the pelvis bone as shown in draw ng 420-0000, sheet 2 of 6.

(i) The single axis femur force transducer (SA572-S10) shall have
t he di nensi ons, response characteristics, and sensitive axis |ocations
specified in the appropriate drawi ng and be nounted in the upper |eg
assenbly, replacing the fenur load cell sinmulator (drawi ng 127-4007) s
shown in draw ng 420-5100.

(j) The chest deflection transducer shall have the dinmensions and
response characteristics specified in drawi ng SA572-S50 and be nount ed
to the upper torso assenbly as shown in draw ng 420- 3000, sheet 2 of 6.

(k) The following instrunentation is available for installation in
the dummy for research purposes but is not to be used for calibration
and/ or conpliance certification:

(1) The thorax accel eroneters have the di nensions, response
characteristics, and sensitive nmass |ocations specified in draw ng
SA572-S4 and be nounted in the torso assenbly in uniaxial fore-and-aft
oriented configuration arranged as corresponding pairs in tw |ocations
each on the sternum and at the spine box of the upper torso assenbly as
shown in drawi ng 420-0000, sheet 2 of 6.

(2) The optional IR Tracc chest deflection systemtransducer has
t he di nensi ons and response characteristics specified in drawi ng SA572-
S43 and is nounted to the spine box assenbly as shown in draw ng 420-
8000.

(3) The | ower neck force/ nmonent transducer has the di nensions,
response characteristics, and sensitive axis |locations specified in
drawi ng SA572-5S40 and is nounted to the neck assenbly by repl acing the
| ower neck nounting bracket 420-2070 as shown in draw ng 420-2000.

(4) The tilt sensor has the dinensions and response characteristics
specified in drawi ng SA572-S42 and is nounted to the head and pelvis
accel eroneter assenblies as shown in drawi ng 420-0000, sheet 2 of 6.

(5) The clavicle force/ nmoment transducer shall have the di nensions,
response characteristics, and sensitive axis |locations specified in
drawi ng SA572-S41 and is mounted in the shoul der assenbly as shown in
drawi ng 420- 3800.

(1) The outputs of acceleration and force-sensing devices installed
in the dummy and in the test apparatus specified by this part shall be
recorded in individual data channels that conformto SAE Reconmended
Practice J211, Rev. Mar95, " “Instrunentation for |npact Tests,'' except
as noted, wth channel classes as follows:

(1) Head accel eration--C ass 1000

(2) Neck

(i) Forces--C ass 1000

(ii) Monents--C ass 600

(iii) Pendul um accel eration--C ass 180

(3) Thorax:

(i) Rib acceleration--C ass 1000

(ii) Spine and pendul um accel erations--C ass 180

(ii1) Sternum deflection--Cl ass 180

(iv) Forces--Class 1000
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(v) Monents--C ass 600

(vi) Shoul der forces--C ass 180

(4) Lunbar:

(i) Forces--C ass 1000

(ii) Mnents--C ass 600

(ii1) Torso flexion pulling force--Class 60 if data channel is used

(5) Pelvis:
(i) Accelerations--C ass 1000
(ii) Iliac forces--C ass 180

(6) Femur forces--C ass 600

(m Coordinate signs for instrunmentation polarity shall conformto
the Sign Convention For Vehicle Crash Testing, Surface Vehicle
I nformati on Report, SAE J1733, 1994-12.

(n) The mountings for sensing devices shall have no resonant
frequency less than 3 tinmes the frequency range of the applicable
channel cl ass.

(o) Linmb joints nust be set at one G barely restrai ning the wei ght
of the Iinmb when it is extended horizontally. The force needed to nove
a linb segnent shall not exceed 2G t hroughout the range of |inb notion.

(p) Performance tests of the same conponent, segnment, assenbly, or
fully assenbl ed dunmy shall be separated in tinme by not |ess than 30
m nut es unl ess ot herw se not ed.

(gq) Surfaces of dumry conponents may not be painted except as
specified in this subpart or in draw ngs subtended by this subpart.

Bl LLI NG CODE 4910-59-P
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Appendi x--Figures to Subpart T of Part 572
[GRAPHIC] [TIFF OM TTED] TP13JY05. 166
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[ GRAPHI C] [TIFF OM TTED] TP13JYO05. 167
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[ GRAPHI C] [TIFF OM TTED] TP13JYO05. 168

[ [ Page 40300] ]

[GRAPH C] [TIFF OM TTED] TP13JY05. 169
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[GRAPHI C] [TIFF OM TTED] TP13JY05. 170
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| ssued: June 28, 2005.
St ephen R Krat zke,
Associ ate Adm nistrator for Rul emaking.

[ FR Doc. 05-13659 Filed 7-12-05; 8:45 anj
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