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Figure 2. ISO Headform-Basic, Reference,
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REFERENCE

DIMENSIONS IN MILLIMETERS

HEADFORM SIZE X Y
A 500 24 90
E 540 26 96
J 570 27.5 102.5
M 600 29 107
O 620 30 110

Figure 3. Location of Reference Plane
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IMPACT LINE

t
i a
i
o —
REFERENCE PLANE-’ | .
g < | /R
: .
BASIC PLAN E N\ BOTTOM OF TEST HEADFORM ™.
i i
\ i: '~ BALL SOCKET LOCATION/
CENTER OF GRAVITY

_/

HEADFORM DIMENSIONS mm(in) n

2 c e |

15O A 38(1.49) |270.06 49093 |

| ISO E 39 (1.54) |27 (1.06) 52 (2.05) n

1SO J | 41 (1.61) |27 (1.06) 54 (2.13 |
1SO M 41 (1.61) 27 (1.06 55 (2.16)
ISO O 42 (1.65) |27 (1.06) 56 (2.20)

Figure 4. Location of Test Lines for Helmets Intended for Persons Five (5)
Years of Age and Older.
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REFERENCE PLANE 7
| ' ﬂ_— S P
— L \(\_ b
/ —/ E\\ REFERENCE HEADFORM
/ BOTTOM OF' TEST HEADFORM
BASIC PLANE _

BALL SOCKET LOCATION/
CENTER OF GRAVITY

_/

HEADFORM ' DIMENSIONS mm (in)
a b c d e
[ ISO A 30 (1.18) 12.7 (0.50) 15 (0.59) 25 (0.98) 30 (1.18)
" ISOE 32 (1.26) 12.7 (0.50) | 16 (0.63) 27 (1.06) 32 (1.26)

Figure 5. Location of Test Lines for Helmets Intended for Persons
Ages 1 and Older



REFERENCE PLANE

S -
%AS!_C PLANE

FRONT

|
| - |-CENTRAL VERTICAL AXIS

| BASIC PLANE

Figure 6. Field of Vision
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HEADFORM CAN BE
ROTATED 180°

4.0 kg STEEL
DROP WEIGHT

0.6 M

STOP ANVIL—/ \

Figure 7. Typical Test Apparatus for
Positional Stability Test
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ON HEADFORM —__
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4.0 kg STEEL |
DROP WEIGHT ———i» !
GUIDE BAR >
0.6 METER

STOP ANVIL ATTACHED!
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S
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Figure 8. Apparatus for Test of Retention System
Strength and Extention
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Figure 9. Impact Test Apparatus
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Overhead View of Ball-Arm as Installed on Impact Test Apparatus

ACCELEROMETER AT CENTER OF BALL

cg OF DROP ASSEMBLY MUST

BE WITHIN THIS SHADED AREA

Figure 10. Center of Gravity for Drop Assembly
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Figure 11. Flat Anvil
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Figure 12. Hemispherical Anvil
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ATTACHVENT 2 - OTHER COMMENTS AND GENERAL | SSUES

Comment: M. Sabatano, President, London Bridge BMX Association [14],
recommended that bike hel mets be constructed so as to accommpdate nore
serious accidents that mght result froma child bicycle racing and junping
vs. merely riding on a path.

Response: Wile no helnmet can protect against every conceivabl e inpact,
staff believes the available evidence supports that helnets designed to neet
the CPSC standard will be very effective in protecting against serious
injury within a wide range of common bicycle riding conditions. This would
i ncl ude many of the inpact conditions that could occur during racing or
junping. Further, a standard for all bicycle helmets has to bal ance the
Lenefits of nmore protective hel nets against the additional cost, weight,
bul k, and disconfort that nore protection may inpose. Such undesirable
qualities may discourage many users fron1mear|nﬁ hel nets designed to protect
agai nst very severe inpacts, Wwhich could nore than cancel the effects of the
agditional protective qualities. Thus, the force with which the helnmets are
impacted in the standard' s performance test has not been increased.

Comrent: Randy Swart, Director of the Bicycle Helnet Safety Institute [16]
suggested that the following itens be considered as future revisions to the
CPSC standard as progress in head protection research continues:

1. A tgs}.that requires the retention systemto be easily adjusted for
good fit

2. A test for protection against rotational injury.

3. Atest tolimt localized | oads or "point loading"

4, A test for damage to the helmet by hair oil or other common consumner
preparations.

5. A test of the retention system after inpact to sinulate field
condi tions

6. A test to ensure that visors and mrrors are shatter resistant and

easily peel-off in the event of a crash.

Response: Staff agrees that it is inportant for the Conmssion to
periodically review research related to inprovements in head protection to
deteén1ge if revisions should be considered for the CPSC bicycle hel net

st andar d.

Comment: Dr. Richard Snyder, President, George Snively Research Foundation
[19]1 referenced two studies relating helnet fit with head size and shape.
The first study was conducted by Dr. Bruce Bradtmller of the Anthroponetry
Research Project, Inc. Dr. Bradtmller also responded to the proposed rule
[20]. Dr. Bradtmller concluded that for proper child hel met sizing, head
breadth and | ength variables were nore accurate guides than using age or
head circunference. Dr. Bradtmller urges caution in basing the CPSC rul es
for children's helmets on the draft 1S0O DI'S 6220-1983 standard for test
headf orms.  Their study shows variation in the ratio of head Iength to head
breadth. This ratio was found to be the prine determnant for helnet fit.
The 1SO standard, however, naintains a constant head breadth/length ratio.

A second study also concluded that head circunference was not always a
good indicator for helnet fit.

Response: | SO headforms are the established normfor headgear testing in
the U S., Canada, Europe, and Australia. No other system of headforns is
currently available that can be shown to provide nore realistic results in
terns of preventing injuries. Es recommends that the | SO headform
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SEecification be maintained in the CPSC regul ation. However, ES recomends
that the staff stay current on devel opments of new test procedures and

equi pnent that could lead to inprovements in general helnet fit and in
|Hp{gvenents that nake it easier to fit and adjust helnets, especially for
chi | dren.

Comment: NSKC [22] and CFA [23] recogni zed that the scope of the CPSC
standard nust be for bicycle helnets, but requested the Commission to nove
forward in investigating the issues related to nulti-activity helnmets. NSKC
al so urged the CPSC to work with community-based organizations to develop a
conpr ehensi ve educational campaign regarding the inportance of wearing a
federal | y-approved bicycle hel net when participating in non-notorized
activities other than bicycling.

Comment: M. Frank Sabatano, President London Bridge BMX Associ ation [14]
recomended that bicycle helmets should serve as multi-purpose protective
devices for various sports such as bicycle riding, bicycle racing,

skat eboarding, and in-line skating

Response: The Commission intends to nonitor devel opnents relevant to The
mul ti-activity issue. ESHF (Tab G) concludes that wheel ed recreationa
activities such as traditional rollerskating and in-line skating are
typically conducted on the sane surfaces as bicycling and can generate
speeds simlar to bicycling. Therefore, it is reasonable to assune that
hel nets that meet the requirenents in the CPSC bi ke helnet standard wil |l
al so provide head protection for roller/in-line skating and perhaps sone
other recreational activities.

However, as discussed in the Decenber 6, 1995 Federal Register notice
on the proposed rule, the Conm ssion does not have sufficient data on the
benefits and costs of additional features directed at injuries incurred
ot her than bicycling to make the statutory findings that would be needed to
i ssue a requirement for such features under either the CPSA or FHSA. Al so,
procedures in addition to those required by the Bicycle Helnet Safety Act
woul d have to be foll owed. The Conmi ssion does not want to del ay
establ i shnent of a nmandatory bicycle helmet standard in order to pursue
rul emaki ng for other tyﬁes of helmets. Accordingly, this proposed regulation
only addresses bicycle hel nets.

As part its decision making in setting priorities for future
activities, staff recormmends that the Commission exanmine what actions it
could take to encourage the use of bicycle helnmets in activities that
present head injury risks simlar to those in bicycling.

| ssue:

In his recommendations to the Conmission, Duke University researcher
Barry Mers MD., Ph.D., suggested that a test for penetration resistance be
considered for the final standard. He reasons that such a test would
require helmets to have hard outer shells that would provide hel met users
with inproved protection. Dr. Myers contends that a hard shell wll reduce
t he rigE of penetration type traumas. He further contends that a hard shel
will lessen triction between the helnet and the inpact surface and that this
has two benefits. First, it would reduce the total change in velocity (a V)
of the head during inpact. Second, by reducing the frictional constraints
on the head during inpact, it would reduce the risk of neck injury.
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In support of hard-shell helmets, Dr. Myers references the |atest
Harborview® study, which reported a "consistent suggestion that hard-shel
hel nets are nore protective against head and brain injuries than non-hard-
shell helnets." Dr. Mers acknow edges that the differences nmeasured were
not statistically significant. However, he believes that a |arger study,
containing a sufficient nunber of severe brain injuries, mght show this
correlation with statistical significance.

In discussing protection against neck injury, Dr. Mers notes that
aut onoti ve accidents cause serious neck injuries in about 15 to 25 percent
of the persons who have serious head injuries, suggesting that neck injury
is comon anong the nost severely brain injured. However, since there were
so few cases with severe brain injuries in Harborviews analysis of
bi cycling incidents, the significance of neck injury, and its mtigation by
hard shell hel mets anong the severely brain injured, cannot be determ ned
fromthe Harborview study.

Al though Dr. Mers suggests a penetration test in order to require

that bike hel mnets have a hard shell, he states that a detailed study of the
‘most severe injuries is warranted. He also recommends that, before a
requi renent that all helmets have a hard shell is adopted, there should be

an eval uation of whether this would reduce the nunber of riders who would
wear bicycle hel nets.

Response:

g or at i

Currently available information does not show a need to address the
hazard of penetration-type head inpacts to bicyclists. One study’ suggests
that the majority of helmets involved in bicycle accidents suffer inpacts on
flat, hard surfaces (asphalt, cenent, etc.) and that penetration type
impacts are rare

Protection Against Neck Injury

Bicycle-related injury data show a |ow incidence of serious neck
injuries. In 1996, there were 566,400 bicycle-related injuries treated in
U.S. hospital energency roons, based on data from cpsc's National Electronic
Injury Surveillance %gsten1(NElS$): O these, about 6,630 (1 percent)

i nvol ved the neck. the neck injuries, about 4,520 (68 percent) involved
strains/sprains, 1,155 (17 percent) involved contusions and abrasions, 275
(4 percent) involved lacerations, 240 (4 percent) involved fractures, and
440 (7 percent) involved other diagnoses. These nunbers show that neck
fractures accounted for about 0.04 percent of the total nunmber of energency
roomtreated bicrcle-related injuries in 1996. Detailed information was not
avail able to anal yze whether the use of a helnet or type of helnet had an
effect on risk of neck injury.

‘Thompson, Diane C., MS,: Rivara, Frederick P, MD, MPH and Thonpson,
Robert S., MD. "Effectiveness of Bicycle Safety Helnets in Preventing Head
Injuries.” Journal of the Ameri‘can Medical Association. 276 (Decenber 1996)
1968- 1973.

' Dean Fisher and Terry Stern, "Helnets work!," Bell Sports, Inc.,
aaaM/IRCOBI Conference, Lyon, France (Septenber 1994)
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The Harborview study al so reported a | ow incidence of neck injury.
Their report showed that 2.7% of the cases (including both helneted and non-
hel net ed cases) suffered neck injury, ranging fromsprain to nerve-cord
injuries. There was no correlation between neck injury and hel net use or
hel met type.

Dr. Myers cites that autonotive accidents cause serious neck injuries
in about 15 to 25 percent of the persons who have serious head injuries.
However, this statistic may not be relevant to the issue of friction between
the shell and the inpact surface, since the neck injuries in autonotive
accidents are not necessarily caused by friction between the head and an
i npacting surface.

Dr. Mers' advocacy of hard-shell helnets to reduce friction would
seemto argue for a test to evaluate friction resistance of a hel net against
typi cal inpact surfaces, rather than for a penetration resistance test.

One study on this issue was done by Voigt Hodgson, Ph.D. at \Wayne
State University.* In this study, test helmets were secured to a nodified
Hybrid |1l dummy, and skid-type inpacts were done on concrete at various
angles from30 to 60 degrees. Hodgson found that both hard-shell and micro-
shell (or thin-shell) helnets tended to slide rather than "hang-up" on
impact with concrete. (Thin-shell helmets are the type nmost commonly sold
inthe current market). No-shell helnmets showed a Iar?er t endency to hang-
up on inpacts with concrete. One of the conclusions of the study was that
any helmet similar to those tested in the study (hard-, thin-, or no-shell)
wi [l protect the brain and neck nuch better than wearing no hel net.

Protection Against Head and Brain Injury

Har borvi ew reports that there was a consistent trend indicating that
hard-shel | helnets provided better protection against head and brain injury
t han non-hard-shel|l helnets. However, in order for the results to be
statistically significant, the nunber of people in the study would have had
to be utimes greater.

The follow ng considerations are relevant to any possible requirenent
for hard-shell bicycle hel nets:

1) St udi es of bicycle helnmets damaged in accidents s%ﬂﬁest t hat
penetration-type hel net inpacts are rare occurrences. |n addition, bicycle-
related injury data suggest a low incidence of serious neck injuries. For
the small portion of incidents that involve serious neck injury or _
penetration-type hazards, available information is insufficient to estimte
the degree of inproved protective performance hard-shell helmets may offer
over non-hard-shell hel nets.

(2) Non-hard-shell bicycle helmets are effective in preventing serious
head and brain injuries. There are no known studies that report a
statisticallx significant finding that hard-shell helmets offer better
protection than non-hard-shell hel nets.

(3) A standard applying to all bicycle helnets has to bal ance the
protective benefit that mght be provided by a hard shell against the

®voigt R Hodgson, Ph.D., "Skid Tests on a Select Goup of Bicycle Helnets
to Determine Their Head-Neck Protective Characteristics," Department of
Neur osurgery, Wayne State University, Detroit, M (March 8, 199)
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addi tional cost, weight, bulk, and disconfort caused by such a requirenent.

Such undesirable qualities may discourage sonme users from wearing hel nets,
whi ch could nore than cancel the effects of any additional protective
qualities. This is an especially inportant consideration given the

popul arity of non-hard-shell bicycle hel nets.

G ven these considerations, CPSC staff does not support for the fina
rule a penetration test or any other test that would require all bike
hel mets to have a hard shell. Available information is insufficient to
support the inclusion of such a requirenent. However, should future
research provide evidence of the benefits of hard-shell helnmets, and that
the benefits woul d outweigh the potential negative inpact on consumer use,
t he Commi ssion should consider revising the nandatory standard.
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ATTACHMENT 3

Engineering Sciences Recommendations on the Specification
of the Impact Test Rig and Other Impact Testing Procedures

Scott Heh, Bicycle Helnet Project Manager, ESME
I. Background

On Decenber 6, 1995, the Commi ssion published in the Federal Register
a proposed CPSC bicycle hel net standard. I'n the proposed standard, the CPSC
specified the nmonorail type of test rig for bicycle helnet inpact testing.
Currently, U'S. voluntary bicycle helmet standards allow the use of either
monorail” or guidewire types of test rigs. The CPSC specified the nonorai
txpe to avoid the possibility that different results would be obtained wth
the two types of test rigs.

In their comrents responding to the proposed rule, several hel met
manuf acturers and the Snell Menorial Foundation disagreed with the
specification of the nonorail test rig in the proposed CPSC standard. The
respondents stated that guidewire-type rigs are nmore comonly used in the
industry. snell stated that there is no denonstrated inprovement associated
with the nonorail rig in testing reliability and capability. Mst
respondents suggested that the CPSC standard allow the use of either
gui dewi re or nonorail rigs.

To respond to this issue, CPSC-ES initiated a seven-laboratory
conparison test program The main purpose of the study was to determne if
there are statistically significant mean differences in test results when
using nonorail and guidewire test rigs under standardized testing
conditions. The statistical analysis of the test results is at Tab F of the
bri efing package.

Seven | aboratories participated in the test program including the
CPSC lab. Five of the |aboratories tested on both nonorail and guidewire
rigs. Two |aboratories on%y tested on nonorail rigs. Three different
hel met nodel s were used. ach hel met was inpacted twice, once at the rear
of the helnet and once near the crown. Tests were conducted on the flat and
curbstone anvils, and all testing was performed with anbient-conditioned
helnets. This experinment provided for the analysis of the effect of the
following variables: rig type, anvil, helnet nodel, |aboratory, anvil inpact
sequence, and inpact |ocation

I1. Summary of the Interlaboratory Results and EH Recommendations

Whien the data were sumred across the | aboratories having both types of
test rigs, the type of test rig did not have an apPreciabIe_effect on test
results in alnost all examinations. However, the type of rig did have an
effect when the Mbdel | helnets struck the curbstone anvil on the second
inpact. In these conditions, the nonorail rig yielded a significantly
greater mean | ogarithm of peak-g than did the guidewire rig. This occurred
at both the rear and crown inpact sites.

EH reported that since it is possible to have the two test rigs yield
significantly different results under specific testing conditions, it seens
advi sable to specify the test rig in the test procedure or nake some
nodi fication to the test procedure to ensure that the two test rigs give
simlar results.



. .
(1) In the instrument systens check procedure, include provisions for
accuracy as well as precision.

(2) Mdify the test proceciure in such a manner as to provide guidance
to the tester in the selection of inpact sites and order of use of anvi

types.

(3) Test an appropriate sanple of helnet nodel specinens under each
test condition (instead of just one helmet nodel specinen) to take
statistical variability into account.

Recommendation (1) pertains to ensuring that the data obtained in the
i nstrunent systenms check procedure are sufficiently simlar in different
| aborat ori es. Recommendat i on (2? deals with elimnating potential tester
bias in the selection of inpact |ocations, anvil types, and order of use on
a hel met nodel specinmen. Recommendation (3) ensures that nore reliable
results are obtained than those obtained by testing just one speci men under
each test condition in CPSC conpliance testing.

I1l. ES Discussion

The statistical analysis of the interlaboratory results showed that in
al nost all exam nations of test variable conbinations, the choice of test
rig did not have an appreciable effect on test results. However, on the
Model | helnets, and only when the second inpact was on the curbstone anvil
the nonorail showed a significantly higher nmean |ogarithm for peak-g summed
across laboratories having both types of test rigs. For reasons conpletely
unrelated to these test results (see staff discussion in § 1203.13 on use of
the curbstone anvil), a curbstone inpact in conbination wth another inpact
on a single test helmet is no longer in the final standard being r econmended
by the staff. Since the interlaboratory data (sumed across |abs using both
types of rigs) show no significant differences between guidewire and
monorail rigs under test conditions within those defined in the draft fina
standard, the standard should allow either type of rig to be used for inpact
testing.

Over the last 15-20 years, voluntary standards in the U S. have
allowed the use of either nonorail or guidewire types of test rigs. Bot h
types of test rigs have been used extensively in both independent test
| aboratories and manufacturer's in-house test facilities. The snell
Menorial Foundation, one of the established hel met test organizations in the
U.S., uses guidewire rigs to test conformance to their standards. The staff
has no evidence to conclude that the allowance of both types of test rigs in
Xo=untary standards has resulted in a conprom se of safety for bicycle

el net users.

For the reasons discussed above, the technical staff recomends that
both types of rigs are suitable for inpact attenuation testing, and that the
CP%? standard specify that either a nonorail or a guidewire test rig may be
used.

Svstems Check Procedure

ES staff recommends that the follow ng precision and accuracy
procedure be added into the regulation so that |aboratories can verify that
their test equipnent is recording accurately. The procedure requires that a

spherical inmpact missile of a specified dinension be dropped with a certain
i npact velocity onto a Mdul ar El astoner Programrer (MEP). An MEP is a
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cylindrical pad of a poIKurethane rubber that is used as a consistent inpact
nedi um for the systens check procedure. Pre-test and post-test inpacts on
an MEF éo verify systemrecording is a standard practice of bicycle hel net
test |abs.

@l nstrument system check (precision and accuracy). The impact-
attenuation test instrumentation shall be checked before and after each
series of tests (at |east at the beginning and end of each test day) b¥
dropping a spherical impactor onto an el astoneric test nedi um (MEP). he
spherical impactor shall be a 1.46 nm (5.75 in) dianeter alum num sphere that
is mounted on the ball-arm connector of the support assenbly, The tota
mass of the spherical impactor and support assenbly shall be 5.0 :oikg
(11.0+0.221 b) . The MEP shall be 152 nm (6 inches) in dianeter and 25 nm
(1 inch) thick, and shall have a duroneter of 60 + 2 Shore A. The MEP shall
be affixed to the top surface of a flat 6.35 nm (% inch) thick al um num
plate. The geonetric center of the MEP shall be aligned with the center
vertical axis of the accelerometer (see § 1203.17Sa)(2)). The impactor
shal| be dropped onto the MEP at an inpact velocity of '5.44 nfs + 2%
(T%pically, this requires a mninumdrop height of 1.50 neters (4.9 ft) plus
a height adjustnent to account for friction losses.) Six inpacts, at
intervals of 75 + 15 seconds, shall be performed at the beginning and end of
the test series (at a mninmum at the beginning and end of each test day).
The first three of six inpacts shall be considered warmup droPs, and their
i npact val ues shall be discarded fromthe series. The second three inpacts
shall be recorded. Al recorded inpacts shall fall within the range of 380-
g to 425-g. In addition, the difference between the high and | ow val ues of
the three recorded inpacts shall not be greater than 20-g.

The range of 380-g to 425-g represents an allowabl e tol erance of about
10% The interlaboratory testing showed this tolerance to be attainable
bet ween | abor at ori es. wever, , est experience shows that even greater
preci sion can be obtained for the systems check procedure within a given
| aboratory. The test data fromthe interlaboratory study shows that a
target range of 380-g to 425-g and a precision range of 20-g can be achieved
by bicycle helnet test labs in the U S and Canada.

The effect of impact site, anvi l type and anvil impact seqguence

Because the inpact site, anvil type, and order of inpacts can
influence test results, the regulation must explicitly state that the test
personnel will test helnmets to the nost severe conditions allowed by the
standard. Since these conditions may vary dependi ng on the design of the
hel met, the test personnel nust have flexibility in choosing how the hel met
shoul d be tested.

ES recommends that the follow ng statenent by added to section
1203.17(b)(2): "impact sites, order of anvil use (flat and hem spherical),
and curbstone anvil orientation shall be chosen by the testhersonneI in a
manner that provides the nost severe test for the helnmet. R vets and other
mechani cal fasteners, vents, and any other helnet feature within the test
region are valid test sites."

In addition, the follow ng statenent should be added to Section
1203. 12 (d) Inpact attenuation criteria:

v(1) General. A helnmet fails the inpact attenuation performance test
of this standard if a failure can be induced under any conbi nation of inpact
site, anvil type, anvil inpact order, or conditioning” environnment
perm ssible under the standard, either with attachments or w thout
attachments, or conbinations of attachments, that are provided with the
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hel met. Thus, the Commission will test for a ‘worst case” conbination of
test paraneters. What constitutes a worst case may vary, depending on the
particul ar hel met involved."

A hypot hetical exanple of testing for a worst case condition mght be
the case of a helnet that comes With a detachable visor and has a |arger
than normal front air vent. Since the vent is larger than those ordinariIK
found on bicycle helnets, the Commission may choose to test the helnmet wit
the curbstone anvil aligned within the vent to create a wedge or splitting
action upon inpact. If the helnet's visor were to interfere with achieving
a clean inpact of the anvil against the helmet shell, the Comm ssion would
test the helnet with the visor renoved. This is just one exanple of how a
particul ar hel met design nmay influence how the Commission will test for
conpliance to the standard.

Test specimen sample size

The purpose of the standard is to define the test procedures and set
the mandatory performance criteria for bicycle helmets marketed in the U S
For the hel met manufacturers, the issue of sanple size must be addressed in
the reasonable testing programthat is required by the rule. The rule
provides flexibility for each manufacturer to establish a testing program
that best fits its production process. The rule calls for eight "hel net
sanples to test to the provisions of the standard. As a matter of
enforcement policy, the Commission may elect to test additional sanples. As
an exanple, I1f the Conmission testing shows a "marginal" pass or fail for a
particular helmet, the Conmission may elect to collect one or nore
additional sanples for retesting in order to verify the initial test
results. Such actions will be considered on a case by case basis.

an
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United States
ConsuMER Propuct SAFETY COMMISSION
Washington, D.C. 20207

MEMORANDUM
pate: (CT @ € 1397

TO : File

THROUGH : Andrew G Stadni k, Associate Executjve Director
for Engineering Sciences -

FROM : Scott Heh, ESME, Bicycle Helmet Project Manager,
504-0494 ext. 1308 4.

SUBJECT : Di scussion of Special Provisions for Helnmets for

Children Ages 1-5, Test Headform Mass and Peak-g

1. BACKGROUND

One of the provisions of The Children's Bicycle Helmet
Safety Act of 1994 was for the Conmission to include in the final
cpsc standard provisions that address the risk of injury to
children. This does not require that children's helnets be
subject to requirements that differ fromthose for adults’
helmets; it requires only that the final standard be appropriate
for children's hel mets.

The issue of whether special standard provisions for young
children's helmets are needed has been debated for several years
by head protection experts. Voluntary standards organizations
such as the ASTM and the Canadi an Standards Associ ation (CSA)
have worked on devel opi ng standards spe%éflcall¥ for helnet% for
children under the age of five years. A 1s the only Nort
Arerican standard to complete special provisions for youn?
children's hel nets. I n 'exam ning how young children's helnets
might be tested differently from hel mets for ol der persons, fhere
are three main itens that are generally consj dered: (1) requiring
an increased area of head coverage, . (2) specifying a smaller nass
for the test headform and (3) requiring a |ower allowable
acceleration limt ("peak-g") for the inpact test.

The Comm ssion first proposed a safety standard for bicycle
hel nets on August 15, 1994. _In that proposal, the only special
provision for “hel nets for children under five years was an
I ncreased area of head coverage.
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~On Decenber 6, 1995, however, the Commission proposed
speci al provisions for headform nmass, peak-g linmt, and head
coverage for bicycle helmets for children under five years. The
special children's proisions were based on the on-going work of
voluntary standards organizations and proposals at that time in
the technical literature. A conparison of the CPSC proposed test
paraneters for helnmets for children under five years and for
ol der persons is shown bel ow.

Under 5
Mass of test headform 3.9 kg 5.0 kg
Peak-g limt 250-¢ 300-g
Head Coverage more coverage at
rear and sides
of head

The proposal for increased head coverage Is relatively
uncontroversial, continues to be recommended by staff, and’is not
di scussed further in this nenorandum  The headform mass and
peak-g requirements have undergone extensive reassessnent by the
staff and are discussed in detail below

1. DI SCUSSI ON

A young child's skull has different nechaﬂical P%P erties
than the skull of an older child and adult. 'hese differences
are especiallﬁ evident for children under the age of five years.
Their skulls have a |ower de%ree of calcification, making them
nore flexible than adult skulls. During an inpact to thé head,
the increased skull flexibility results in a greater trans er.8f
kinetic energy fromthe inpact site to the brain tissue. es1 des
the different” nmechanical properties, the mass of a young child's
head is also different fromthat of a nore mature person's head.
Studi es show that the head mass of children under_the age of five
¥ears ranges from approxinately 2.8 to 3.9 kg. 'hi'S mass Is

ower than the 5-kg test headform mass specified in current U S
bi cycl e hel met standards.

Proponents of special provisions for young children's
hel nets believe that these helnmets should be tésted under
different test paraneters than helnets intended for ol der
persons. The current test parameters are based primarily on
adult head injury tolerance and on a headform mass _that is
approxi mately that of an adult head. Supporters of special
rovisions contend that these adult test paraneters result in a
elmet with a liner that is too stiff to opt|naII% protect a

a

young child' s head. By using a headform wei ght that better

represents a goung child' s head (e.%., 3.9 kg), and reducing the

al | onabl e peak-g, helnets would need to be designed with a Tower
2
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density ("less stiff") liner to further lessen the inpact
transmtted to the head.

The coments received by the Commission in response to the
Decenber 6, 1995 proposed standard illustrate the conplexity of
the issues concerning special provisions for children's hel mets.
A few respondents to the proposed rule (8,16)! supported the
| oner mass and | ower peak-g provisions, believing that they wll
lead to an inprovenment in head protection for small children.
One of these respondents., however, urged the Commission to
consi der the nost recent research on this subject before
including the special provisions in a final standard. One
respondent (12) favored a reduced headform mass provision, but
did not reconmend a reduced peak-g provision, stating that it
could result in a helmet with a lower margin of safety.

Several respondents (3,4,6,9,10,13,15,18,19,27,28,29,30)
questioned if it is advi sable to move forward with the provisions
of a reduced-mass headform and a lower limt for peak
accel eration. Sone respondents suggested that special children's
provi sions should not be adopted since studies show that
children's helnets as they exist today are protective.

Studies by researchers at the Harborview Injury Prevention
and Research Center have shown that bicycle helmets that meet
exi sting standards are effective In ﬂrotectlng agai nst serious
head and brain injuries.?® One of the itenms analyzed in the
nost recent Harborvi ew study® was whether the protective effects
of bicycle helnmets vary by the age of the user. For four age
groups of riders, they estimated the protective effect of helnets
against three levels of injury listed in order of increasing
severity: (1) head injury, (2) brain injury, and (3%_severe brain
injury. e to a snall” nunber of helneted case subjects that
suffered brain igjury and severe brain injury, Harborview
researchers coul d not estimate the protective effect of helnets
against these injuries fo:r the under six-year-old age ?{oup.
However, one of Harborview's overal| conclusions was that helnets

The nunbers in parentheses refer to the comment: hunber
assigned to the respondent by the CPSC Ofice of the Secretary.
Al nunbers have the prefix "cco96-1-"

'Thonpson, Robert s., MD; Rivara, Frederick P, MD, MPH and
Thonpson, Diane C., M5 "a Case Control Study of the Effectiveness

of Bicycle Safety Helmets." The New England Journal-ofMedicine:
320 (May 1989): 1361-1367.

3hompson, Diane C., MS. Rivara, Frederick P, MD, MPH and

Thonpson, Robert S., MD. "Ef fectiveness of Bicycle Safety Helnets
in Preventing Head Injuries." _Journal of Medical
Association. 276 (December 1996): 1968-1973.

3
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are effective for all bicyclists, regardless of age, and that
there is no evidence that children younger than six years need a
different type of hel nmet.

The Conmi ssion requested technical views on this issue from
Barry Myers, MD., Ph.D., Associate Professor, Departnent of
Bi omedi cal Engineering, Duke University. In his report*, Dr.
Myers explains that nodification to the standard should be
considered only if it can be shown to inprove perfornance.
I nprovenents may be shown by epidem ol ogi cal or biomechanica
evi dence. However, considering the degree of head injury
protection Provided by current helmets, increnental inprovenent
mouéd be ditficult to detect, even with a | arge epi dem ol ogi ca
st udy.

From a bi omechani cal perspective, it is inportant to assess
how changes in test headform nmass and peak-g criteria would
affect helnmet design and protective capability. This can be done
by examining how a helnet functions to protect the head in an

| mpact .

The helnet has a crushable |iner typically nade of expanded
pol ystyrene foam If the liner is crushed as the head presses
agalnst the inside of the helmet during inpact, the liner allows
the head to stop over a |onger distance and time than would
otherwi se be the case. This reduces the |npact_ener?y_that is
transmtted to the head, thereby reducing the risk of injury.

The degree to which the liner resists being crushed affects
the helnet's protective qualities. For a given inpact, a hel net
liner that is too soft wll "bottomout," thereb Iosin% its
protective ability to allow relatjve nmovement between the head
and the object being impacted. Conversely, a liner that is too
Earg will not allow sufficient crushing to adequately protect the

ead.

A sinple way to examne the effect of changing mass and
peak-g is to nodel the helmet as a spring and apply the _
one-di nensi onal spring-nass inpact fornulas shown below.  This
approach is discussed by both Dr. Mers and by M. Jim Sundahl
Selni or Engineer with Bell Sports, in his response to the proposed
rule (12).

‘Myers, Barry, MD., Ph.D. "an Evaluation of A Hel net
Standard for Children." Report to the U S. Consuner Product
Safety Conmission (July 1997)
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a v,/ = (1)

peak=

m
Xpeak=V:1/T< (2)
wher e

a,.x — Ppeak acceleration (peak-Q)

= inpact velocity

l'iner stiffness

headform nmass ) ) ) )

.ax = required stopping distance (liner thickness)

B

Vo
k

m
Xp

I[f the value for mis reduced in Equation (1), the value for
k must be reduced to achieve the sane peak-g at the same inpact
velocity. This neans that if a helnmet neeting the standard s
criteria wth a 5-kg headform did not neet the peak-g requirenent
using a lighter headform the helnet liner would need to be made
softer so nmore crushing of the liner could occur. If the value
fora,, IS reduced in Equation (1), and the other variables are
hel d constant, the value :Eor k again nust be reduced. Likew se,
this means that a helnmet that could not conply with a reduced
peak-g criterion al so would need a softer liner to allow nore
crushing. Equation (2) shows that with a decreased |iner
stiffness, a greater percentage of the helnet's available crush
di stance will be used during iInpact.

The bionechani cal analysis shows that, for inpact conditions
that do not result in conplete conpression of the helnet's I|iner
it is possible to |essen the inpact energy transmtted to the
head (and reduce the risk of injury) by reducing the stiffness of
the liner. However, as the inpact energy increases, a hel net
with a softer liner will bottom out (crush beyond its protective
capacity) under less severe conditions than a helmet with a nore
rigid liner of the sane thickness. To conpensate, the softer
hel met woul d have to be made thicker to prevent bottom ng out.
However,, there is a limt to how thick a helnet can be before it
Is no |onger practical or appealing to the user. Therefore, the
goal of helnet design is to optimze liner density and thickness
to protect against the w dest range of inpact conditions and
still have a product that people wll use.

i Qrmance

The bi onechani cal analysis suggests that reducing the liner
stiffness could have both a positive and a negative influence on
the protection provided by helnets under existing criteria.
Therefore, it is necessary to also exam ne available
epi dem ol ogi cal data that relate to this issue. Decreasing the

5
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liner stiffness would benefit those who experience injuries wth
mnimal or no liner deformation. However, a decrease in |iner
stiffness could increase the nunber of head injuries that occur
during nore severe inpacts that cause the helnet l[iner to bottom
out .

To learn the effect on level of protection offered by softer
helnet liners for children under 5, two questions would need to
be answer ed:

1. Are children suffering head injuries with mniml or
no liner deformation of current hel nets?

2. Are children suffering head injuries with a
bott omed-out |iner?

Unfortunately, currently available information is limted
and does not answer either of these questions. Therefore, it is

uncertain whether young children would benefit from special
provi sions for headform mass and peak-g.

The only known study to exam ne the relationship between
hel met damage and head injury was conpleted in 1996 by the Snel
Menorial Foundation and the Harborview Injury Prevention and
Research center.® O those bicycle helnets collected from
i ndividuals (of various ages) who went to a hospital, 40% of the
hel mets had no deformation, 14% had significant damage in which
the hel net was approaching a bottoned-out condition, and 7% of
the hel mets had catastrophic damage. The data were not presented
specifically for the undex-5 age group or any other specific age
group. The study showed that there was a risk of head and brain
injury even with no or ninimal helmet damage. The risk of injury
increased noderately as the severity of helmet damage increased,
until catastrophic damage was reached. As expected, the risk of
head and brain injury junped dranatically when a hel met was
damaged catastrophically. This study suggests that if helmets
for all ages were designed with softer liners, there is a
potential to both inprove the protection for |ower-severity,
i npacts and increase the risk of injury at the higher-severity
i npact s.

Since the risk of injury rises dramatically wth _ _
cat astrophi ¢ hel met damage, and current helnets are effective in
reducing the risk of head and brain injuries, the staff does not

s Rivara, Frederick p., MO, MPH Thonpson, Diane C., M
Thonpson, Robert S., M "G rcunstances and Severity of Bicycle
Injuries." Snell Menorial Foundation/Harborview Injury Prevention
and Research Center (1996).
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support a change to require softer helmet liners for bicyclists
of all ages. he available data are insufficient to determne
that such a change woul d increase overall protection. \Wen
focussing on the age range of under five years, currentl

avail able information is even nore sparse.” Therefore, it helnets
for children under age 5 were made with softer liners, there are
insufficient data to estimate either (1) the level of protection
that mght be gained at the |ower-severity inpacts, and (2) the
protection that mght be lost at the severe inpact conditions
that conpletely crush the liner

111. RECOMMENDATION

Based on the itens discussed above, CPSC staff'recomrends
that there be no special provisions in the final standard for
headform mass and peak-g criteria for young children's hel nets.
The staff recomrends this approach because of insufficient data
to justify the changes and the consideration that these changes
could provide less protection in the nmost severe inpacts which
could result in nmore sericus head injuries to children. However
shoul d future studies provide evidence that young children, or
bi cyclists of any age, could benefit from decreased |iner
stiffness, the Commssion could consider revisions to the bicycle
hel net standard at that time.
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United States

CoNsSUMER PRODUCT SAFETY CoOMMISSION
Washington, D.C. 20207

MEMORANDUM
DATE: July 16, 1997

TO - Scott Heh, Project Mnager
Directorate for Engineering Sciences
Di vision of Mechanical Engineering

Through: Andrew G U samer, Ph.D. A& U
Associ ate Executive Director
Directorate for Laboratory Sciences

FROM : GCeorge F. Sushinsky 301-413—0172/» ,
Mechani cal Engi neering Team Leader

Di vi sion of Engineering

suBJECT: Response to Comments on the 12/6/95 NPR for a Mandatory
Bi cycl e Hel net Standard

Background

Staff at the Division of Engineering of the Directorate for
Laborat ory Sciences (LSE) reviewed and responded to witten
comments containing testing issues that were received as a result
of the Comm ssion's publication on Decenber 6, 1995, of a notice
of proposed_rul emaki _n? (NPR) for a mandatory bicycle hel met
standard. The ngjority of the coments addressed by LSE staff
relate directly to specific proceduraLr i ssues.in test rt])rotocPIs
contained in the proposed standard. he sections of the drart
standard covered In the LSE response are:

§1203.5 Construction Requirements - projections

§1203.8  Conditioning environnents.

§1203.10 Selecting the test headform

§1203.11 Extent of inpact protection - narking the
test line.

§1203.13 Test schedul e - conditioning _

§1203.13 Test schedule - retention system testing

§1203.17 Inpact attenuation test - inpact velocity
§1203.17 I npact attenuation test - Test Procedure -
I 'mpact sites.

The comments and responses for each section are in
Attachment A Based on the findings in attachment A, LSE staff
recommend certain changes to the proposed CPSC standard for
bi cycle helnmets. These changes deal with sections 1203.5, .8,
-10; and .13 of the proposed OPSC standayd. A sumary of the
suggested changes is in Attachnent B. Attachnent C addresses
conmments regarding the use of a curbstone anvil.
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ATTACHMENT A

RESPONSE TO COMMENTS ON THE NPR of December 6, 1995
FOR A MANDATORY BICYCLE HELMET STANDARD




§1203.5 Construction Requirements - projections.

Comment: Two respondents [CC96-1-2 and 6] addressed the proposed
standard's requirenents for rigid projections. The proposed
standard provided that "Rigid projections on the inner surface
shall not exceed 2 mm (0.08 in) and shall not make contact wth

t he headform after testing in accordance with §1203.17." One
respondent (2] is concerned with the definition of the term
"rigid." The other respondent [6] wants an objective way to
determine if the projection nakes contact with the headform

Response: Engineering staff (ESME) are recommending that the
requi renent for projections be changed to wording simlar to that
contained in the nost recent Snell standard (B95). This
requirenent prohibits "fixtures" (projections) on the inner
surface of the liner that project nore than 2 mminto the hel net
interior. LSE staff agrees wth this recomendation since it
limts qualification criteria to a quantity that can be measured
objectively and elimnates the need to define or interpret
qualitative issues such as rigidity.

§1203.8 Conditioning environments.

Comment: One respondent [CC96-1-2] requested expansion of the
range of the cold environment for conditioning helnets before
testing from-16 to -13°Cto -18 to -8°C to be consistent with
the wider ranges specified for other conditioning environments in
the proposed standard. Al so, he clainmed that the narrower range
was difficult to naintain with reasonably priced conditioning
chanbers.

A second respondent [CC96-1-26]) stated that irmmersion was
unrealistic and recomrended spray conditioning of the hel mets.

Response: Staff notes that the tenperature range in the NPR
apparent|y contained a typographical error. Thé range shoul d
have been (-17 to -13°C). his tol erance range is consistent
with existing ANSI, ASTM Snell B 95, and CSA standards. No
change is recommended other than the correction of the

t ypogr aphi cal error.

The subj ect of wet inmersion was discussed in the previous
comment / r esponse menor andum (Sushinsky to Heh, Au?ust 3, 1995).
No new i nformati on has been received by CPSC staff since that
tine to address wet-conditioning of helnmets. No change is
r econmended.

§1203.10 Selecting the test headform.
Comment: One respondent [CC96-1-5] questioned the need for two
4



additional helnets for tests on a larger headform  This
respondent, along with one other [CC96-1-29], felt that the
definition of "fit" in the proposed standard is inadequate in its
specification of the conpression of the foamfit pads.

Response: In testing to the proposed standard, staff used a
separate helnet to test for positional stability (§1203.15) when
testing a set of five helnets. Inpact tests were not run on this
separate hel nmet. Al though this was evident in the Test Schedul e
shown in Table 1303.13, it was not explicitly defined in the
requirements for the additional helnets. A simlar requirenent
for positional stability testing on a separate hel met was

mai ntai ned when a helnmet fit nore than one headform
Recommendations in the requirements involving the test schedule
have been nade in response to several comments on the draft
standard. The revised test schedule presented in the project
manager's redraft of the standard elimnates the requirenment to
test on the larger headform This change sinplifies the test
procedure by testing on a single headform size and i s consistent
wth current interim standards.

Wth regard to the issue of fit, staff Previously
recommended adoption of the definition for "fit" from the ASTM
Standard F1446-94 Section 3.1.7.1. Staff reviewed their practice
in fitting a helmet to a headform Based on that review, it is
concluded that the respondents' conments have nerit. Staff
recommends that the proposed definition of fit be anended to
reflect current practice.'

Proposed wording to reflect the recommended changes is
provided in Appendi x B.

§1203.11 Extent of Impact Protection - Marking the test line.

Comment: One respondent [CC96-1-28] to the proposed CPSC standard
submtted a |lengthy comrent concerning the practical problens in
certifying hel mets-when only a test line is specified, The
respondent requested that the standard be anended to require

addi tional coverage below the test line, particularly at the
front and rear of the helnet. Wthout this change, the
respondent states that bias and conflict wll be inescapable.

Response: As addressed in the 1995 response to simlar concerns,
staff recommends that only the one |ine be specified, neasured,
and drawn on the helnet. This singular line is the test line or
center of inpact line. This recommendation is based primarily on
the fact that coverage does not inply inpact protection. The
only area on the helnet required to pass inpact protection
requirements is the area above the test line. A coverage line
may al so be design restrictive. Therefore, staff does not
recommend specifying additional coverage below the test [|ine.
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§1203.13 Test schedule - conditioning.

Comment: One respondent [CCS%6-1-2] noted that, as witten, there
I's potentially no upper limt to the exposure tinme to recondition
a helnet once it is removed from the conditioning environment for
more than three minutes. He suggests a change in the wording to
SEecify an upﬁer limt to reconditioning by insertion of the
phrase” "or 4 hours, whichever is shorter" at the end of the |ast
sentence of 51203.13 (c).

Response: The requirenent, as currently witten, requires five
mnutes of reconditioning for each mnute beyond three mnutes
that a helnet is renoved fromits conditioning environnment. As
worded, a helnet would have m ninum reconditioning requirements
that equal or exceed the original requirenents (four hour

mnimun) if it is conditioned initially as required and then, for
what ever reason, is renmoved from that environment for nore than
51 minutes. At this interval of unconditioned exposure, a hel met
woul d need nore than four hours of reconditioning plus an
additional five mnutes of reconditioning for each additiona
mnute the helmet is unconditioned. To elimnate this

BossiMIity, staff recommends revising the standard as suggested
y the respondent.

§1203.13 Test schedule - retention system testing.

Comrent: One respondent [CC96-1-8] wants the retention system
test (§1203.13(d)) done after inpact testing. He reasons that an
accident can damage a helrnet and severely conprom se the
retention system The retention system nust ensure that _the

hel met remain on the head during an accident sequence. The
respondent also recommends that the "zero" position for measuring
el ongation be established without pre-tensioning the straps wth
a 4-kg mass as called for in the standard.

Response: Staff recommends that no changes be made to the
sequence for retention systemtesting. The test sequence issue
rai sed by the respondent was addressed during the prior comment
period. ~ ASTM standard F1447 and Snell standards B-90 and B-95
test the retention system prior to inpact attenuation testing.
ANSI standard 290.4 does :not specify clearly a test sequence.

LSE staff has no evidence that the test sequence specified in the
ASTM and Snel | standards would all ow hel nets that do not have
adequate retention systems to pass the retention system test.

Staff also recommends that no changes be nade to the procedure
for establishing the pre-test "0" position. There is no evidence
that pre-tensioning the straps prior to performng the retention
sKsten1test woul d allow helnets to pass the retention system test
that do not have adequate retention systens.



§1203.17 Impact attenuation test - impact velocity.

Comment: One respondent [CC96-1-8] suggested that the inpact
velocity tol erance be changed from+ 3 percent to -0, +5 percent
to insure that inpact testing is done at no less than the
specified velocity. He notes that the Federal standard for
mot or cycl e hel mets (FMvsS 218) specifies tolerances for inpact
velocities in this nmanner.

Response: The proposed mandatory standard specifies inpact
velocity to|er§nc§s commn to é&isting voluﬁtary stanggrds for

bi cycle helnmets. The difference between a tol erance of + 3% and
-0%, +5% has little practical significance. LSE staff has no
concerns with pernitting an inpact velocity of up to 3 percent

| ower than the target velocity, and recommends no change to the
proposed rule.

§1203.17 Impact attenuation test. - (b) Test Procedure-(2)
Impact sites.

Comment:  Two respondents [CC96-1-27 and -29] commented that the
m ni rum spaci ng between the centers Of inpact should be 150 mm
One of these respondents [27] felt that the CPSC had | owered the
I npact spacing from other voluntary standards' requirenents.

Response: The selection of 120 mmin_the proposed standard is
based on ongoing discussions in the ASTM su coﬁnittee to revise

i mpact |ocation spacing. Snell standard B-95 specifies 120 mm
m ni num i npact spacing, and 120 nmis also consistent with _
provi sions of 1/6®™ of the maximum circunference of the helnmet in
the Snell B-90 standard. | mpact spacing of 150 mmlimts the
flexibility in choosing inpact sites, especially on smal

hel mets. LSE staff recommends no change to the proposed
requirenent.



ATTACHMENT B

SUGGESTED CHANGES TO PROPOSED RULE of December 6, 1995
FOR A MANDATORY BICYCLE HELMET STANDARD
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§1203.5 Construction Requirements

(pb) Projections. ... . Rigid-prejectiont—on—the—inner

bt bl £ . . G—in—assordance—with
12032 e with wording similar to that provided in Snell
B 95. as suggested by ESME staff. .

§ 1203.8 Conditioning environments.

(b) Low temperature. This is a tenperature of —+6—-172 C to
-13* C (3 12 F to 9" F). The helnet shall be kept in this
environment for 4 to 24 hours prior to testing.

§ 1203.10 Selecting the test headform.

(al_a helnet shall be tested on the snnllest of the
headforms appropriate for the helmet sanple. In fitting the

elnet to this headform al of the helnets's siz[n ads
artially conpressed when the helnet IS eaguipped math if;
t hi ckest

sizing pads and positioned correctlv on the headform

§ 1203.13 Test schedule.

(c) Testing must begin within 2 mnutes af}er reﬂnyal of the
hel met from the conditioning environment. the helnet iIs
returned to the conditioning environment wthin 3 mnutes after
removal for testing, it shall be reconditioned for a m ninum of
mnutes before testing is resuned. |f the helnet is out of the
conditioning environnent for nore than 3 mnutes, it shall be
reconditioned 5 mnutes for each mnute it is out of the

condi tioning environnent beyond the allotted 3 m nutes—e—4
hours (whichever is shorter) before testing is resuned.




ATTACHMENT C

Response to Comments on the NPR for a Mandatory BicyC|e Helmet
Standard - Section 1203.13 Schedule of Tests (Curbstone impact

tests)
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United States
CONSUMER PRODUCT SAFETY COMMISSION
Washington, D.C. 20207

MEMORANDUM
DATE: July 14, 1997

TO . Scott Heh, Project Mnager
Directorate for Engineering Sciences
Division of Mechanical Engineering

Through: Andrew G U saner, Ph.D Ré@
Associ ate Executive Director;
Directorate for Laboratory Sciences

FROM - Han Lim Qj’v{ (301) 413-0158
Mechani cal né‘ﬁ er /=

George F. Sushinsky (7,7 (301) 413-0172
Mechani cal Engi neer ¢
Di vision of Engineering

SUBJECT: Response to Comments on the NPR for a Mandatory Bicycle
Hel met Standard - Section 1203.13 Schedul e of Tests
(Curbst one impact tests)

Background

The first CPSC draft hel net st andar%, published in a Notjce
of Proposed Rul emaking (NPR) in August 1994, contained provisions
for a single curbstone inpact in an anbient environment and
reflected the consensus test_schedul e of ASTM F1447-94 -
"Standard specification for Protective Headgear Used in
Bicycling." One respondent to that NPR suggested that the
curbstone anvil be included in the inpacts ip all conditioning
envi ronnents [CC94-2-3a]. Simlarly, "two other respondents
[cC94-2-3 and 8] requested a revision to section 1203.17(b)(2) of
the draft standard to include the curbstone anvil in inpact tests
for all conditioning environnents.

Engi neering Division (LSE) staff considered these conments
and agreed with them after linited testin% on toddler helnets at
LSE. This testing suggested that the curbstone anvil inpacts
typically result in lower peak G readings than the flat anvil
inpacts and are simlar to the Glevels of the hemispherical
anvil inmpacts. Based on the different footprints for the three
anvils, rTESE staff recomrended that helmets be tested on the three
anvils under each environnental condition with the fourtﬂ%. i rrg[act
anvil selected at the discretion of the test analyst. IS also
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elimnated the need for inpact testing on a fifth helmet which
had been required for |nPact testing on a curbstone anvil under
anbi ent conditions. Publication of this change to the August
1994 draft standard in Decenber 1995 resulted in new comments.

In response to publication of proposed 16 CFR Part 1203
"Safety Standard for Bicycle Helnets; Proposed Rule" on Decenber
6, 1995, CPSC recei ved 31 comments on various aspects of the
proposed rule. Staf f at LSE was requested to respond to issues in
the test protocols in the proposed st andar d. Thi's nenorandum
deals with the general issues raised by respondents regarding
Section 1203, 13 of the ﬁroposed rule and specifically with
respect to the use of the curbstone anvil during inpact testing.
The comments received on this issue are sumarized bel ow fol | owed
by the response.

Comments

Six respondents [CC9€-1-5, 12, 27, 29, 30, and 31] submtted
comments requestingrhanges. tn Section 1203.13 Test Schedul e
regarding the use of the curbstone anvil.= Al of the respondents
expressed concern over using two curbstone inpacts on a single
hel net . As proposed, section J1203.3 {(d) and Table 1203.13donot
define the conditions of rhafourth inpact on a helmet.  The
fourth inpact, left to the discretdi¥h oftesr personnel, could be
a second curbstone inpact. There also was concern about
i npacting the helmet. W th the curbstone anvil after_the helnet
was conditioned um o wem L enviranment [CC96-1-121. There also was
concern about the curbstone footprint overlapping other inpact
sites and violating the "single Inpact" principle of testing.
[cC96-1-27 and 31]. The length of the curbstone anvil restricts
the location of inpact sites that can be used w thout overl ap.
Theuse.Of @ second curbstone anvil, and the damage caused by
curbstone impacts can restrict the selection of test sites

‘u1*bmer £o the point where only three inpacts may be possible on
a small helnet wthout overl ap.

The respondents* provided suggestions to amend the proposed
rule by :

(1) Specifying a particular (non-curbstone) anvil for the
fourth inpact [cc96-5, 12, 29, and 30]

(2) Using the curbstone anvil only in a sin%le i mpact and
only in the anbient condition [CC96-1-29 and 30]

(3) Testing according to the schedule specified in the
ASTM F 1447 bicycle hel net standard [CC96-1-27], or the
original CPSC draft standard [cC96-1-31]. These are
essentially simlar suggestions to (2) requesting only
a single curbstone inpact testing in only an ambl ent
envi ronment .

(4 Using a curbstone-only inpact as one of four inpacts in
an anbi ent environment. Al other test environments
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woul d consist of inpacts using the hem spherical and
flat anvils. [CC96-1-12]

Response
LSE Tests

In response to these 'comment s, LSE staff conducted a series
of 19 inpact tests at LSE on ¢ nodels of adult helnﬁti]in t he $40
to $100 retail price range. Ihe helnets tested used headforns
ranging fromsizes Eto M Al of the inpacts used a drop height
of 1.2'mand a headform assenbly wei ghing 5000 gm . The I'hpact
velocity criterion of 4.8 + 3% Ms was et for all inpact runs.
Fifteen of the tests were conducte? on _hel nets Lhat had beeg
conditioned by immersion in water for a perrod between 4 and 24
hours. Four ‘anbient tests were conducted for conparison
pur poses.

LSE and ESME staff selected the smallest solid area between
vents in each of the helnmets as th? }ar%et area for initia
hel met inpact sites. Normal ly, a left or right front vent was
chosen. If several subsanples of a helnet were avail able, inpact
tests on that type of helnet were conducted_ in an ambi ent
envi ronnent on a second Subsanple under nomnally identical test
condi tions.

All of the helmets experienced at |east one crackFanng t he
i npact vent line after the initial curbstone inpact. romthe
total of 19 in‘pact test runs, one helnmet failed to neet the 300-G
acceleration limt when it was inpacted once on the curbstone
anvi | . For this helnet, the curbstone anvil wedged open the vent
of the helmet and split the helnet in half. A different nodel
hel net al so experienced a simlar Ep||ttln% effect, b%t dbd not

falto meet the 300-G limt. Both of these helnmets had been
wet - condi ti oned.

Four helmets were inpacted a second tine after the initial
cur bst one i npact b% dropping themfrom 1.2 monto a hem spherica
anvil. Three of these were helnmets conditioned in the wet
environment. None of the helnets that were inpacted both on a
curbstone anvil and a hem spherical anvil split in hakk o
experienced acceleration levels of 300 Gs or nore. el mets
were tested with two curbstone inpacts.

Di scussi on:

There are three major concerns addressed in the coments

recei ved on_Section 1203.13 of the proposed bicycle hel net
st andar d. They are:

(1) the possibility of two curbstone inpacts on a single
hel met ,
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(2) the effect of testing a wet conditioned helnet with a
curbstone anvil.
and
(3) violation of the "single inpact" principle of testing
or restriction the location of inpact sites that can be
us%g wi thout overlap if a second curbstone anvil is
used.

The test schedule proposed in the NPR was devel oped' to allow
test flexibility and econony of testing. It was not Intended to
require or forbid the use of a second curbstone inmpact in a test
sequence. However, because of the damage seen in the testing of
helnets on a single curbstone anvil and the problem with overl ap,
LSE staff agrees with the comrents that two curbstone anvils.
shoul d not be used in a test sequence on one hel net. The final
standard should be nodified to preclude this possibility.

Staff, however, disagrees in general with the comrents
requestin% that the test specify which anvil would be used for
the fourth inpact in a four inpact test sequence, except that It
shall not be a curbstone anvil. Specification of the fourth
anvil limts the discreticn of test personnel to use the nost
appropriate conditions for worst-case testing based on their
expertise.

~ LSE staff also disagrees with conments to limt
environmental conditioning of the helmet to anbient conditioning
when inpacting a curbstone anvil. In the LSE tests, there was
g;gater damage to helmets conditioned in environments other than
anbi ent .

LSE staff agrees in general with the comments requesting
that tests using a curbstone be limted to a single inpact on a
hel ret and that no other anvils would be used to-inpact that
helmet. However, in LSE tests, tw helnmets split alnost in half
on a single curbstone inpact to each helmet, but only one
exceeded a 300-G deceleration limt. The split helnet presents a
potentially unsafe result. Snell standards (N 94 and B 95)
provide for sanple rejection if the test personnel conclude that
t he headgear has been conprom sed by breakage. LSE staff does
not recommend this approach because it is too subjective to
enFon as a mandated safety criterion. In such cases where the
hel met may "marginally" pass the standard, the Comm ssion could
elect to collect one or more additional sanples for retesting in
order to verify the initial test results. tice of the
possibility of further conpliance testing activity to address
suchd5|éuations should be given to the industry in the final CPSC
st andar d.
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Reconmmendat i on:

LSE staff offers the follow ng recommendati on for changes to
the inpact test schedule.

One helnmet each is tested in each of the four

envi ronments (anbient, hot, cold, and wet-inmersed).
Each helmet is inpacted twice on the flat anvil and
twice on the hem spherical anvil. The order of inpacts
is at the discretion of the technician. A second set
of four helmets (one helmet for each of the four
environnents) Incorporates a single curbstone anvil
test. Each helnet Is inpacted once. Ei ght hel nets

are needed for inpact testing under this schedule.

It is further suggested that |anguage be included in the FR
notice to make it clear that the Comm ssion may elect to test
addi tional sanples in cases where helnmets nmeet the 300-g _
criteria, but show a significant amount of damage after testing.
To address this and other marginal passing results the follow ng
| anguage i s proposed:

Test experience using the curbstone anvil shows that it is
possible for a helmet to show significant structural damage
(to the point of nearly splitting in half) and still remain
under the 300-g failure criteria. In such cases where the
hel met may "marginally" pass the standard, the Con-m ssion
may elect to collect one or nore additional sanmples for
retesting in order to verify the initial test results.

QG her conditions that nmay pronpt the Conmm ssion to undertake
verification testing on additional helnet sanples include
(but are not limted to) peak-g readings that are very close
to the 300-g failure criteria.

LSE staff also recommends that the peripheral vision test of
§1203.14 and the positional stability test (roll-off resistance)
of §1203.15 be performed on a single helnet in the inpact test
matrix. This helmet woul d be conditioned to the anbient
environment prior to environnental conditioning for inpact
testing.

This recommendati on provides an equal or greater degree of
protection than many of the existing voluntary standards that
research has shown to reduce the risk of head injury by 69

ercent, brain injury by 65 percent, and severe_brain injury by

4 percent [Rivara, et. al Harborview, 1996]. This
recommendati on conbines the basic test matrix of the nost
commonly used vol untary standards (two inpacts each with flat and
hem spherical anvils in each environnent) with curbstone anvi
i mpacts on additional helnets.

The recomendation applies to §1203.12 and 1203. 13 of the
16



prop—se® ®raft standard.

cc:

R. Garrett, LSE
R. Hundemer, LSE
N. Caballero, LSE
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MEMORANDUM

TO

Through:

FROM
SUBJECT:

United States
CONSUMER PRrobucT SAFETY COMMISSION
Washington, D.C. 20207

DATE:  JUL | 8 1997

Scott Heh, ESME '
Project Manager, Bicycle Helnet Project

Mary Ann Danello, Ph.D., Associate Executive Directox
Direct,ora\“e for Epidem ology and Health Sciencesv&« [
Arthur-\C YMcDonald, Acting Director -
Hazard Analysis Division (EHHA)

—

C . -5 /
Terry L. Kissinger, Ph.D. , EHHA | “/0:/

Report on Interlaboratory Bicycle Hel net Study

Attached is the report on the interlaboratory bicycle hel net

st udy.
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AN ANALYSIS OF THE
INTERLABORATORY BICYCLE
HELMET STUDY

July 14, 1997

Terry L. Kissinger

US. Consumer Product Safety Commission
4330 East West Highway
Bethesda, MD 20814



Executive Summary

This report provides an analysis of data from an
inter-laboratory study on bicycle helmets. The main purpose of
the study was to determine if there are statistically significant
mean differences iIn test results when using monorail and twin-
wire test rigs under standardized testing conditions.

The study featured a repeated measures design with two
impacts on each helmet specimen. Between-subject factors were
those that varied between helmet model specimens; within-subject
factors were those that varied between the impacts on a single
helmet model specimen. The between-subject factors were:(l) rig
type; (2) anvil; (3) helmet model; (4) laboratory; and (5) impact
location permutation. The within-subject factor was iImpact
Jocation.

For the two rig types, with results summed appropriately
over laboratories and compared, it was found that the monorail
rig yielded a significantly greater mean than the twin-wire rig
at each impact location on the second impact when testing a
curbstone anvil on one specific helmet model. Thus, it 1s
believed that specifying the test rig to be used for bicycle
helmet testing or modifying the test procedure to ensure that the
two test rigs give similar results would provide improved
standardization of the test conditions.



I. Introduction

This report provides an analysis of data from an
interlaboratory study on bicycle helmets. The main purpose of
the study was to determine 1T there are statistically significant
mean differences iIn test results when using monorail and twin-
wire test rigs under standardized testing conditions. Also of
interest was testing for statistically significant mean
differences iIn test results at different laboratories.

In this report, the experimental design iIs discussed; the
results of an iInstrument systems check are given; and an analysis
of the data is presented. Special statistical features of the
experimental data are discussed in the Appendix.

Il. Experimental Design of Study

In this study, specimens of bicycle helmet models underwent
impact testing using both monorail and twin-wire rigs. Impact
testing was conducted by dropping the helmet model specimens on
two types of anvils at controlled velocities. Each helmet model
specimen was impacted twice, at separate locations (the crown and
rear). For each specific impact location of a helmet model
specimen tested on a rig with a particular anvil in a laboratory,
a recording of the "peak G" (a measure of acceleration) imparted
to the headform was made. This may be seen as a repeated
measures experiment, with independent variables, or factors, that
vary between subjects and within subjects. Between-subject
factors were those that varied between helmet model specimens;
within-subject factors were those that varied between the impacts
on a single helmet model specimen. The specific categories, or
forms, of a factor are known as the levels of that factor.

The dependent variable was the "peak G" measurement, the
maximum acceleration imparted to the headform during impact,
which i1s a continuous variable. The between-subject factors were
(1) rig type (two levels: monorail and twin-wire); (2) anvil (two
levels: flat and curbstone); (3) helmet model (three levels); (4)
laboratory (five laboratories tested both rig types, and two
laboratories tested the monorail rig type only); and (5) impact
location permutation (two levels, corresponding to the two
possible permutations of impact locations). The within-subject
factor was impact location (two levels: crown and rear). All
testing was performed under ambient conditions. Details of
standardization of the experiment may be found in the test plan
prepared by Mr. Heh dated November 19, 1996.

The objective of the study was to test for statistically
significant mean differences In peak G measurements among groups
defined by levels of the factors. Specifically, i1t was of
interest to see 1T statistically significant mean differences
were obtained with monorail and twin-wire rig types, and among
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the different participating laboratories. It was expected that
statistically significant mean differences would be obtained with
different anvil types, different helmet models, and different
impact locations. It was unknown if there would be statistically
significant mean differences between different impact location
permutations. Including these factors in the study permitted an
evaluation of iInteraction effects involving these factors and
provided test data under a wide range of test conditions used by
1aboratoiies to conduct impact-attenuation tests of bicycle
helmets.

At each combination of levels of the five between-subject
factors (henceforth called a "treatment"), there were two helmet
specimens tested, except for some missing values due to
inadvertent testing under inappropriate conditions (such as using
the wrong anvil) and two laboratories not having the twin-wire
test rig. Thus, analyzing the data at each of the two Impact
locations separately, this may be seen as two five-factor
analyses of variance with replication in some cells and with some
cells empty (which is discussed in more detail in the Appendix).

Factors 1In an experiment may be considered fixed or random.
Fixed factors are those whose levels chosen for inclusion in the
experimental design are the levels of specific interest to the
experimenter. Random factors are those whose levels are randomly
chosen for inclusion in the experimental design from a larger
population of levels. Aall factors iIn this experiment should be
considered fixed. For test rig, anvil type, and impact location
permutation, this seems natural, since the levels included iIn the
experiment are specifically those of interest. Laboratory,
helmet model, and impact location are Sonsidered fixed because
their levels were not randomly chosen.

I11. Instrument Systems Checks

Prior to testing at each laboratory, instrument system
checks were performed by dropping two impactors (an ISO J size
magnesium Impact headform and a spherical Impactor) on a modular
elastomer programmer (ver). Each impactor was dropped 13 times
on each test rig at the seven laboratories, with the first three
drops considered "warm-up" drops and the corresponding data
discarded.

It was found that the 10 retained impactor drop measurements
were strongly correlated. A principal component analysis of the
correlation matrix of the 10 drop measurements, done separately
by impactor type and rig type and considering data from different
laboratories as replication, showed that nearly all of the total3
variance was accounted for by an average of the 10 measurements.
The means of the 10 measurements, by laboratory, impactor type,
and rig type, may be seen iIn Table 1.
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Table 1: Means of 10 Peak G Measurements at Seven
Laboratories, with Two Impactors, and on Two Test Rigs

ISO J Impactor Spherical Impactor

Laboratory | Monorail Twin-Wire Monorail Twin-Wire

A | 449.7 421.1 421.1 402.2

B |413.2 424.0 358.9 375.2

C |424.7 | 438.0 | 427.1 | 418.8 I

D 1428.0 | 423.4 1 411.3 1 395.7 I

E 450.0 408.0 387.0 393.6

F 427.8 --- 395.2 -——

G 420.8 -——— 401.1 ---

Source: CPSC Interlaboratory Study on Bicycle Helmet Testing

While there were some large mean differences between the two
test rigs on a given impaotor at a given laboratory, for the five
laboratories with both test rigs, the mean peak G was roughly
similar for the two test rigs on each impactor. The means are
given in the following table:

ISO J Impactor Spherical Impactor
Laboratories - - ] ) ) -
A,B,C,D, & E | Monorail Twin-Wire | Monorail Twin-Wire
Mean 433.1 422.9 401.1 397.1
- .

It may be noted, however, that the mean peak G was lower for

the twin-wire test rig than for the monorail test rig using each
of the two impactors.

IV. Mean Contrasts

Special statistical features of the experimental data were
taken into account in the analysis. These Tfeatures are described
in technical detail in the Appendix. As a result of these
features, to better satisfy basic assumptions underlying the
analysis of variance, the analysis was conducted using the
natural logarithm of the peak G measures, instead of the peak G
measures themselves (i.e., a natural logarithmic transformation
was used, as explained in Section A of the Appendix).

Additionally, due to the presence of high-order interaction
effects, tests were performed on differences of pairs of means,
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called "contrasts,"? to see if they were significantly different
from zero. Such tests of contrasts were done to provide
comparisons for levels of a between-subject factor at specific
combinations of levels of other between-subject factors (e.g-,
testing for a mean difference between test rigs for a specific
combination of anvil type, helmet model, laboratory, and impact
location permutation). These tests were performed separately for
each impact location. Tests of contrasts were also performed
after appropriately summing over laboratories. These contrasts
gave iInsights to the nature of some of the high-order interaction
effects and also to the effects of the main factors.

A. All Treatments with Nomempty Cells

For each of the five between-subject factors, tests were
conducted on mean contrasts, taking into account patterns of
empty cells (e.g., fTor comparing the two test rigs, comparisons
were made excluding data from laboratories not having one of the
two test rigg) and controlling overall error rates for multiple
comparisons. Results of the tests for each of the between-
subject factors were as_follows, with antilogarithms given for
ease of iInterpretation.

1. Test Rigs

There were 56 contrasts tested for the crown measurements,
and 54 contrasts tested for the rear measurements. There was a
statistically significant difference found for the two test rigs
with three contrasts for crown measurements. The factor levels
at which these statistically significant differences occurred may
be seen in Table 2. Figures 1-3 show the antilogarithm of the
mean logarithm for each test rig at these three combinations of
factor levels.

Table 2: Factor Levels at Which There Was a Statistically
Significant Difference between Test Rigs iIn the Mean

Natural Logarithm of the Peak G Measurements
Impact -
Location | Laboratory | Anvil Model Order Figure
Crown A Curbstone |1 Rear-Crown |1
Crown A Curbstone |1 Crown-Rear |2
Crown C Curbstone Il Crown-Rear |3
Source: CPSC Interlaboratory Study on Bicycle Helmet Testing
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Figures 1[-3
Factor Level Combinations for Which There Was a
Statistically Significant Difference between Test Rigs
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Note that all three of the statistically significant
differences involved the crown inpact |ocations, all three
i nvol ved the curbstone anvil, two involved Mdel | helnets, and
two involved the second inpact on the helmet. The inportance of
these findings wll be clearer after testing for significant
differences after sunm ng appropriately over |aboratories.

2. Laboratories

There were 356 contrasts tested for the crown neasurenents,
and 348 contrasts tested for the rear neasurenents. There was a
statistically significant difference found anong the various
| aboratories at two conbi nati ons of between-subject factor |evels
for crown neasurenents and at five conbi nations of between-
subject factor levels for rear neasurenents. The factor |evels
at which these statistically significant differences occurred may
be seen in Table 3. Figures 4-10 show the antilogarithm of the
mean | ogarithm for each |aboratory at these seven conbi nations of
factor |evels.

Table 3: Factor Levels at Which There Was a Statistically
Significant Difference between Laboratories in the Mean
Natural Logarithm of the Peak G Measurements

Impact

Location Rig Type Anvil Order Model | Figure
Crown Monorail Flat Rear-Crown I 4
Crown Monorail Flat Rear-Crown IT 5
Rear Monorail Flat Rear-Crown I 6
Rear Twin-wire Flat Rear-Crown II 7
Rear Monorail Flat Crown-Rear I 8
Rear Twin-wire Flat Crown-Rear I 9
Rear Twin-wire Flat Crown-Rear II 10

Source: CPSC Interlaboratory Study on Bicycle Hel net Testing
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Figures 4-10

Factor Level Combinations for Which There Was a
Statistically Significant Difference among Laboratories
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Figure 7
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O the seven conbinations of between-subject factor |evels
for which there were statistically significant differences, all
seven involved either Mddel' | or Il helnets; all seven involved a
flat anvil; five involved the second inpact on the helnet; and
five involved the rear inpact |ocation.

3. Impact Location Permutations

There were 69 contrasts tested for the crown neasurenents,
and the same nunber tested for the rear measurenents. There was
a statistically significant difference found for the two
permutations with two contrasts for crown neasurenents. The
factor levels at which these statistically significant
di fferences occurred may be seen in Table 4. Figures 11-12 show
the antilogarithm of the mean logarithm for each pernutation at
each of these two conbinations of factor |evels.

Table 4: Factor Levels at Which There Was a Statistically
Significant Difference between Permutations in the Mean
Natural Logarithm of the Peak G Measurements

Impact _ ‘
Location Rig Type Laboratory Anvi | Model Fi gure
Crown Monorail k] Fl at I 11
Crown Twin-wire 3 Flat I 12

Source: CPSC Interlaboratory Study on Bicycle Hel net Testing

10
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Figures 11-12
Factor Level Combinations for Which There
Was a Statistically Significant D fference
between Impact Location Permutations
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It may be noted that both statistically significant

di fferences involved the crowmn inpact l|location, flat anvil, and
Model | hel nets.

4. Models

There were 139 contrasts tested for the crown neasurenents,
and 138 contrasts tested for the rear neasurenents. There was a
statistically significant difference found anong the three hel net
nodel s at nearly every conbi nation of between-subject factor

11

120



| evel s for each inpact location. Typically, Model [II hel net

testing produced the highest nmean, and Mdel 11 helnet testing
produced the |lowest mean. Often the difference in neans for
Models | and |11 helnets was relatively snall. Statistica

significance was usually achieved with contrasts involving Mde
II helmets and one (or either) of the other two hel met nodel s.

5. Anvils

There were 68 contrasts tested for the crown neasurenents,
and 66 contrasts tested for the rear neasurenents. There was a
statistically significant difference found for the two anvils
with contrasts at each conbination of between-subject factor
| evel s for each inpact |ocation. The flat anvil clearly produced
hi gher means of the natural |ogarithm of the peak G neasurenents
than the curbstone anvil.

B. Factor Level - Combinations after Appropriately
Collapsing over Laboratories

After summ ng over |aboratories, for each of the four
remai ni ng between-subject factors, tests were conducted on mean
contrasts, controlling overall error rates for multiple
conparisons (as discussed in the previous section). Resul ts of
the tests for each of the between-subject factors were as
follows, again with antilogarithnms given for ease of
i nterpretation.

1. Test Rigs

There were 12 contrasts tested for the crown neasurements,
and the same nunber tested for the rear neasurenents. There was
a statistically significant difference found for the two test
rigs with one contrast for crown neasurenents and one contrast
for rear neasurenents. The factor levels at which these
statistically significant differences occurred may be seen in
Tabl e 4. Fi gures 13-14 show the antilogarithm of the nean
logarithm for each test rig at each of these two conbinations of
factor |evels

Table 4: Factor Levels at Which There Was a Statistically
Significant Difference between Test Rigs in the Mean
Natural Logarithm of the Peak G Measurements

Impact Location Anvil Model Order Figure
Crown Curbstone I Rear-Crown 13
Rear Curbstone I Crown-Rear 14

Source: CPSC Interlaboratory Study on Bicycle Helnmet Testing
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Figures 13-14
Factor Level Combinations, Summed Appropriately over
Laboratories, for Which There Was a Statistically
Significant Difference between Test Rigs

Figure 13
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Each of the two contrasts yielding a statistically
significant difference involved the Mdel | helnet striking the
curbstone anvil on the second inpact. Thus, for this particular
conbi nation of anvil and helmet rodel on the second inpact, the
monorail rig type produced a significantly greater nmean |ogarithm
of the peak G neasurenents than the twin-wire rig type at both

13
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i npact | ocati ons.
2. Impact Location Permutations

There were 12 contrasts tested for the crown neasurenents,
and the sanme nunber tested for the rear neasurenents. None of
the tests yielded statistical significance.

3. Models

There were 24 contrasts tested for the crown neasurenents,
and the sane nunber tested for the rear measurenents. At each
conbi nati on of between-subject factor levels for either inpact
| ocation, the mean for Model Il helnmets was significantly |ess
than that for either Mddel | or Mdel 111 hel nets. At sone
conbi nati ons of between-subject factor levels, the nean for Model
Il helnets was significantly greater than that for Model |
hel mets (particularly for the rear measurenents).

4. Anvils

There were 12 contrasts tested for the crown neasurenments,
and the sane nunber tested for the rear neasurenents. There was
a statistically significant difference found for the two anvils
with contrasts at each conbi nati on of between-subject factor
| evel s for each inpact location. The flat anvil clearly produced
greater neans of the natural |ogarithm of the peak G neasurenents
t han the curbstone anvil.

V. Discussion and Recommendations

It would be preferable to test for the effects of a main
factor sinply with one test, but it is not appropriate to do so
because of the conplex interactions present in these experinenta
data, as described in the Appendix. The choice of test rig did
not have an appreciable effect on test results in nost
situations, but did have an effect when the curbstone anvil was
struck by Mddel | helnets on the second inpact, with the nonorai

rig yielding a significantly greater nean |ogarithm of the peak G
nmeasure at each inpact |ocation.

Hence, since it is possible to have the two test rigs yield
significantly different results under specific testing
conditions, It seens advisable to specify the test rig in the
test procedure or make sonme nodification to the test procedure to
ensure that the two test rigs give simlar results. It is

believed that this would provide inproved standardization of the
test conditions.

Additionally, while the main purpose of the present study
was to examine the effects of using two different test rigs on
test results, other recommendati ons on the basis of analysis of

14
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the data include the follow ng:

(1) In the instrunent systems check procedure, include
provi sions for accuracy as well as precision.

(2) Modify the test procedure in such a manner as to provide
guidance to the tester in the selection of inpact sites and order
of use of anvil types.

(3) Test an appropriate sanple of hel met nodel specinens
under each test condition (instead of just one hel met nodel
specinen) to take statistical variability into account.

Recommendation (1) pertains to ensuring that the data
obtained in the instrument systens check procedure are
sufficiently simlar in different |aboratories (instead of just
ensuring that the data are sufficiently simlar in repeated tests
within the sane |aboratory, as the test procedure currently
requires). Recommendation (2) deals with elimnating potentia
tester bias in the selection of inpact |ocations, anvil types,
and order of use on a hel met nodel specinen. Recommendation (3)
ensures that nore reliable results are obtained than those
obt ai ned by testing just one specinmen under each test condition
in CPSC Conpliance testing.
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Appendix
Special Statistical Features of Experimental Data

To fully understand the analysis of the data and the
concl usi ons drawn, sone special statistical features of the data
need to be descri bed. In particular, it is inportant to note
that a basic assunption of the analysis of variance was not
satisfied without transform ng the data, and the presence of
hi gh-order interactions and enpty cells resulted in the analysis
bei ng conducted differently fromthe way it would have been
conduct ed ot herwi se.

A. Heteroscedasticity and the Need for the Logarithmic
Transformation

A basic assunption underlying the analysis of variance is
that there is honpbscedasticity (equal variances) of the
experimental errors at all treatments. As will be seen shortly,
this assunmption was clearly not satisfied with these data. An
approach often used to deal with this probl em of
het eroscedasticity (unequal variances) is to transformthe
observations and apply the analysis of variance to the
transfornmed data,’ as was done with these data.

First, wupon inspection of the data, it was clear that a
positive correlation existed between the sanple mean and the
sanpl e standard devi ation. Nonparanetric (Spearnman rank)
correlation coefficients of the sanple nmean and sanpl e standard
deviation were used to test for this, using data from each
treatment with two observations (Pearson correlation coefficients
were also used, but the validity of such correlation coefficients
is questionable here because they require the assunption of
normality, and the sanple standard deviation would not be
expected to have a normal distribution*).

The nonparanetric correlation coefficients of the sanple
nmean and sanple standard deviation on crown and rear inpacts,
respectively, were 0.42 and 0.20, both significantly different
from zero.®” To try to reduce this dependence between the sanple
mean and sanpl e standard deviation, the square root and (natural)
| ogarithmc transformati ons were used. The nonparanetric
correlation coefficients of the sanple nmean and sanple standard
deviation on crown and rear inpacts, respectively, were 0.28 and
0.06 after the square root transformation and 0.14 and -0.07
after the logarithnic transformation. O these four rank

correl ation coefficients, only that on the crown for the square
root transformation was significantly different from zero.?*®

Thus, since the logarithm c transformati on appeared nore
effective than the square root transformation in reducing the
dependence between the sanple nean and sanple standard deviati on,
the logarithmc transformati on was chosen as nore appropriate.
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The logarithmc transformation is the one comonly used when the
error standard deviation is proportional to the nean?

B. Interaction

Interaction is present in an analysis of variance whenever
the difference in nmean response between the |levels of one factor
is not the sane at all levels of the other factors. Wen
interaction is present, the effects of the factors are said to be
nonadditive (as opposed to additive).

The presence of enpty cells (discussed in C of this
Appendi x) presents difficulties in testing for interaction
effects. Anal ysis of variance was conducted, separately for data
corresponding to the two inpact |ocations, using data from four

| aboratories with no enpty cells for any treatnents. It was
found that conplex high-order interactions anmong the factors were
present. Specifically, tw four-factor interactions were present

in the crown inpact |ocation data, and two four-factor
interactions were also present in the rear inpact |ocation data
(along with other lower-order interaction effects for both inpact

| ocations). Al t hough variance-stabilizing transformations also
tend to elimnate many interaction effects®, nost of the
interaction effects were still statistically significant after

using either the square root or logarithmc transformation on the
dat a.

Wien factor effects are additive, tests for the effects of a
mai n factor can be conducted wi thout taking into account the
| evels of other main factors. Wien factor effects are not
additive, the presence of interaction can nmask the the
significance of main factors.®?

Due to the presence of conplex, high-order interaction
effects, tests were perfornmed for appropriate contrasts of
treatnment neans, as discussed in Section IV of the report.

c. Empty Cells

Wen there are no observations for some treatnents in an
experinent, it is said that there are enpty cells for these
treat ments. In this experinent, enpty cells arose because (1)
two | aboratories did not have the twin-wre test rig and (2) a
substantial anount of inadvertent testing under inappropriate
conditions occurred at one |laboratory (wth the data from such
i nadvertent testing discarded).

It turns out that when the analysis of variance is conducted
on data with enpty cells, conputational difficulties are
encountered using the customary effects nodel. Such difficulties
are described in texts, recomending that a neans nodel be used
instead of an effects model.*
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As a result, in the present study, the nmean squared error
was conputed for the transforned data corresponding to each of
the two inpact |ocations. (This involved interpreting each
treatment for which there was at |east one observation as a |eve
of one large factor; there was a total of 140 such levels at the
crown inpact l|location and 138 at the rear inpact |ocation.) The
mean squared error for the transformed data at each inpact

l ocation was then used to performtests for appropriate nean
contrasts, as discussed in section IV of the report.
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Endnotes

‘It may be noted that the mandatory bicycle hel met test
procedure proposed by CPSC involves testing under all these
condi ti ons and nore. It was not feasible to include all levels
of all factors potentially of interest due to sanple size and
time limtations. Four test conditioning environments are given
in the proposed test procedure, including low tenperature, high
tenperature, and water imersion, in addition to anbient, as was
used in this study. Testing al so involves a hem spherical anvil,
in addition to the flat and curbstone anvils. Additionally, any
i mpact | ocations can be used above a prescribed test line, as
long as the inpact location is at least 120 nm from any prior
i mpact | ocation on a hel met nodel specinen (there is a total of
four inpacts on each hel net nodel specinen tested). For nore
information on conditions specified for the proposed test
procedure, see the Federal Register Notice published Decenber 6,
1995.

’pAs cautioned on p. 617 of Applied Linear Statistical Models
by John Neter and WIIliam Wassernan (1974), a random effects
nodel should be used only if the levels of the different factors

do indeed represent random sanples from the popul ati ons of
interest.

3The main purposes of principal conponent analysis are data
reduction and interpretation. Principal conmponent "analysis was
performed here with correlation matrices instead of covariance
matri ces. When principal conponent analysis is performed with a
correlation matrix, it may be interpreted as yielding the
princi pal conponents of standardized variables (see, e.g., pp.
367-368 of Applied Multivariate Statistical Analysis by Richard
A. Johnson and Dean W W-chern, 1982). I'n a pri‘nci pal” conponent
anal ysis of a correlation matrix, the variance-covariance
structure is explained through a few linear conbinations of the
original standardized variables. Principal conponents, and the
percent of the total population variance they represent for
st andar di zed variables, are estimated by conmputing eigenvectors
and ei genvalues of the correlation matrix.

Princi pal conponent analysis was performed four tines, for
each possible conbination of an impactor type and a rig type.
The correlation coefficients in each of the four correlation
matrices were strongly positive, nost of them 0.96 or greater
In each case, it was estimated that the first principal conponent
represented at |east 97 percent of the total population variance
of the standardized variables. A'so, each tine, the first
princi pal conponent was a linear conbination giving nearly equa
wei ght to each of the 10 standardi zed observations, suggestive of
a population correlation matrix with equal correlation
coefficients of any two of the 10 observations. Hence, It was
concluded that it was appropriate to sumthe 10 observations at
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each conbination of an impactor type, a rig type, and a
| aboratory.

It may be noted that relatively snall sanple sizes were used
to estinmate correlation coefficients in this analysis, since
there were only five laboratories that used the twin-wire rig and
seven | aboratories that used the nonorail rig. I f observations
are accunul ated over impactor type and rig type to give a tota
sanple size of 24, simlar results are obtained (all correlation
coefficients are nearly equal to one; the first principa
conponent is estimated to account for over 98 percent of the
total popul ation variance of the standardized variables; and the
first principal component gives nearly equal weight to each of
the 10 standardi zed observations). Accunul ating observations
this way involves assumng that different impactor types and rig
types provide testing under sufficiently simlar conditions.
Princi pal conponent analysis perfornmed with the covariance matrix
instead of the correlation matrix also gives very simlar
results, regardless of whether observations are accumul ated over
impactor type and rig type.

‘A mean contrast may be defined as a |inear conbination of
treatment means such that the multiplicative constants defining
the contrasts sumto zero (see, e.g., pp. 468 & 594 of Applied
Linear Statistical Models by John Neter and WIIiam Wasser man,
1974). Only contrasts consisting of pairwise differences of
treatnent neans were used here (i.e., they were sinply the
difference of two treatnent means).

*The Bonferroni technique was used to control error rates
for multiple comparisons. The error rate did not exceed 0.05 for
the set of contrasts consisting of all pairwise differences of
bet ween- subj ect factor |evel neans of a given factor under
simlar test conditions (i.e., all levels of the other between-
subject factors held constant) in the analysis of variance
conducted for a given inpact |ocation. Thus, e.g., the error
rate did not exceed 0.05 for the set of contrasts consisting of
all pairwise differences of the three hel net nodel neans exam ned
at each set of simlar test conditions (holding levels of the
four other between-subject factors constant) in the analysis of
vari ance conducted at the crown inpact |location. A parallel
statenent could be made for the rear inpact location and for any
one of the other four between-subject factors.

¢Since the natural logarithm transformation was used, tests
were conducted to find statistically significant differences in
nmeans of the natural |ogarithm of the peak G neasurenents. The
antilogarithm of the mean of a group of logarithnms is the
geonetric nean of the group of original neasurenents.

assunptions, see texts on analysis of variance, such as Design
and Analysis of Experiments by Douglas C. Montgonmery (1976).

€As seen in theoretical texts., such as on p. 14 of The



assunptions, see texts on analysis of variance, such as Design
and Analysis of Experiments by Douglas C. Mntgonery (1976).

®.As seen in theoretical texts, such as on p. 14 of The
Theory of Linear Models and Multivariate Analysis by Steven F
Arnold (1981), when sanpling from a normal population, as is
assuned in the analysis of variance, the sanple variance
multiplied by the appropriate constants has a chi-squared
distribution,, not a normal distribution. The sanple standard
devi ati on would then be the square root of a chi-squared random
variable, multiplied by constants.

°A test given on p. 301-302 of Nonparametrics: Statistical
Methods Based on Ranks by E. L. Lehmann (1975) was used to test
if Spearman rank correlation coefficients were significantly
different from zero. The test statistic includes adjustnents for
ties and nmakes use of a normal approxi mation. The p-values were
|l ess than 0.001 and 0.024, respectively. The corresponding
Pearson correl ation coefficients here were 0.43 and 0.28.  For
the sanple nean and sanple variance, the corresponding Pearson
correlation coefficients were 0.40 and 0. 29.

oThe p-values for the tests on the crown and rear,
respectively, were 0.001 and 0.484 after the square root
transformation, and 0.107 and 0.447 after the logarithmc
transf ormati on. The correspondi ng Pearson correlation
coefficients were 0.29 and 0.11 after the square root
transformation and 0.10 and -0.06 after the logarithnmc
t ransf or mati on. For the sanple nmean and sanpl e variance, the
correspondi ng Pearson correlation coefficients were 0.27 and 0. 10

after the square root transformation, and 0.07 and -0.07 after
the logarithm c transformation

1gee, e.g., p. 507 of Applied Linear Statistical Models by
John Neter and WIIiam Wassernman (1974).

2gee, e.g., p. 61 of Design and Analysis of Experiments by
Dougl as C. Montgonery. Transformati ons used to stabilize
vari ance and nake error term distribution closer to nornal often
al so reduce interaction effects.

B3gee p. 123 of Design and Analysis of Experiments by
Dougl as C. Montgonery.

¥in Linear Models for Unbalanced Data by Shayle R Searle
(1987), a discussion of the use of Type | through T¥Pe IV suns of
squares in SAS is given on pP. 461-465. It is noted that for
Type |V sums of squares W th data having enpty cells, the suns of
squares are not necessarily part of any traditional analysis-of-
variance partitioning of the total sums of squares; they do not
necessarily involve all the data; and altering the coding of

| evel s of the variables can lead to different suns of squares.
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Throughout the text, and in particular in the chart on p. 9, it
is recoomended that a cell neans anal ysis be conducted when
interaction is present with sonme cells enpty.
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