Conpari sons EBB 11/12/02
Snel | M2000, DOT, BSI 6658-85 Type A and EN 22/ 05

The tables conpare four standards: M000, DOI, BSI 6658-85 Type A and
Regul ati on 22 Rev. 5, also known as EN 22/05. MO000 and the current DOT
Standard (Federal Modtor Vehicle Safety Standard 218) apply largely to
hel mets intended for the US and Canada. EN 22/05 applies to helnets for
sale in Europe and BSI 6658 Type A is the premium |l evel of the hel net
requi rement once mandatory in England. Al though all four standards
differ in details, in order of severity they rank firstly Snell MO0OO,
then BSI 6658-85 Type A, then DOT and, lastly, EN 22/05. The follow ng
tabl es and di scussion are the basis for this ranking.

The first page of the tables conpares i npact requirenents set by the four
standards. There are two general areas of concern. The first of these
is the inpact regi men which describes the sorts of stresses to which the
helmets will be subjected, the second is the criteria by which the
hel met’s response will be evaluated. All four standards call for hel net
sanpl es to be placed on ant hroponor phi ¢ headf orns and dropped to i npact
rigid surfaces (anvils) with prescribed severities. The differences are
in the anvil shapes, the prescribed severities, the nunber of inpacts at
a particular point on the helnet surface and the coverage, that is, the
range of points on the helnet surface that are subject to testing. Al
four then neasure the shock transmitted through the helnet into the
headf orm by nmeans of an accel eroneter nounted at the headfornmis center
of gravity. Od wisdomhas it that it’'s not the fall that kills, it's
the sudden stop. The accel eronmeter nmeasures just how suddenly the
headformis required to stop. Each of the standards describes how to
eval uate the accel eroneter neasurenent to determne the effectiveness of
t he hel net.

The first four itens considered in the tables are the various inpact
surfaces and the inpact severities the helnmet nust w thstand striking
t hese surfaces. The first of these surfaces is the flat anvil. Al four
standards call out inpacts against this anvil which distributes the
i mpact over a broad area of the helnmet shell and which effectively sets
limts on the density of the helnmet’s inpact managing Iiner. The second
is the hemspherical anvil wused by Snell, DOl and BSI. Thi s
hem spherical anvil applies a concentrated |oading which tests the
rigidity of the helnet shell and the depth of the inpact managing |iner.
That is, the shell and liner nust work together to keep the anvil from
punchi ng through the helnet, collapsing a small segnment of |iner and,
finally, delivering a massive shock directly to the test headform and

potentially, to a wearer’s head. EN 22/ 05 does not use the henm anvil but
i nstead applies an anvil shaped like a length of curb. This *kerbstone’

anvil replaced the hemi anvil when Regulation 22/03 was revised to
produce EN 22/04 but it does not appear to concentrate the |oading as
much as the hem spherical anvil.

The EN 22/05 inpact reginmen is | ess severe than it nmay appear for another

reason as well. Snell, BSI and DOT all call out guided fall inpact test
mechani sns which effectively align the headfornms with the centers of the
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anvils and which limt the headforns’ rotational response. EN 22/ 05
equi pnment allows the headform to nove freely in all six degrees of
freedomin response to the inpact |oadings but the device frustrates any
al i gnnment so that nuch of the severity of an inpact is lost to rotations.
This | oss has been docunented for flat anvil inpacts and is suspected to
be even greater for inpacts with the kerbstone anvils.

The last of the anvils is the edge anvil. This edge inmpact surface
effectively tests shell toughness and is called out only in the Snel
st andar ds.

The inpact severities are given in ternms of the kinetic energy of the
headf orm and associ ated hardware. This fornulation takes into account
the differences in inpact velocity and in headform nmass between these
standards. Snell M0O0OO and BSI both require that the effective masses
of the inpact headforns be 5.00 kg regardl ess of headform size but DOT
and EN 22/ 05 specify headfornms with a cubic mass to size rel ationship.
That is, the headformmass is proportional to the headformcircunference
cubed. Although this cubic nmay appeal to engineers, anatonical studies
show little if any relationship between the weight of a human head and
any of its external dinensions. The only strong correlation noted is
with total body weight; that is: heavy peopl e have heavy heads regardl ess
of hat size and vice versa. Even so, DOT and EN 22/ 05 specify these size
dependant headform nasses which effectively neans that |arger sized
hel mets nmust manage nore energy than snaller ones but are pernmitted to
transnit |arger |evels of shock.

The next line in the table shows relative coverage. Snhell MO0OO calls
out a test line on the helnmets and all inpacts nust be centered on or
above this test line. The values in the table show, for the front, back
and si des of the hel net, how nmuch hi gher (+) or lower (-) the three other
standards may place their inpacts. As can be seen, all three allow nore
severe (lower) placenents than M2000. However, these placenents are all
largely offset by the relative weakness of the inpacts thenselves. For
exanpl e, even though the DOT standard allows inpacts outside the Snel

M200OO test line, there are many shorty helnets that qualify to DOT and

none to M00O. The reason is that the helnmet structure below the
testline is critical to its capabilities to nmanage Snell [|evels of
i mpact . A shorty helnmet does not need this structure to manage DOT

i mpact |evels but the Snell test assures that the structure is present.

The final elenent in this table is the inpact test criteria. Snell and
BSI call out the sane 300 g limt on the peak acceleration transnitted
to the test headform DOT allows 400 g but also places limts on tine
duration, that is: how |ong the shocks may persist above the 150 g and
200 g levels. EN 22/05 limts acceleration to 275 g and al so i nposes a
limt on HC, the head injury criterion which is an involved cal cul ation
based on the entire tine history of the acceleration pulse transnitted
to the headform The DOT time durations and the HI C are questionable

2



Conpari sons EBB 11/12/02
Snel | M2000, DOT, BSI 6658-85 Type A and EN 22/ 05

criteria for crash helmet evaluation as they are both based largely on
skul | fractures observed in bareheaded cadaveric subjects struck with a
shaped inpactor. The HICitself was devel oped |argely for eval uati on of
the injury potential of head strikes in passenger car interiors where the
victins would al nbost certainly be unhel neted. The actual |level of HC
consi dered potentially injurious is 1000 rather that the 2400 level in
EN 22/05. However, there is sone doubt whether H C applies to hel neted
i npacts at all.

The rest of the tables conpare other aspects of hel met perfornance. The
two European standards pursue a nunber of itens not addressed by either
Snell or DOT. This is not necessarily a shortconming in Snell M2000. The
Foundati on eval uates those aspects of helnets that:

1. Have a denonstrabl e bearing on protective performance.
2. Can be tested repeatably and reliably.
3. Are invisible, that is: cannot be easily eval uated at purchase

time by the riders thensel ves.
If the wearer can nmake the determination for himself, he is likely
neither to need or want the Foundation's advice. Unless it’s inportant,
hard to neasure and we know it for a fact, we won't waste anyone’s tine.

The oblique inpact tests required by BSI and EN 22/ 05, for exanple, have

not been taken up by Snell |argely because there is no body of evidence
denmonstrating that such testing is useful. Pertinent crash studies
indicate that helnets are neck injury neutral. Furthernore, the tests

thensel ves are difficult, if not inpossible, to reproduce so that the
procedures are, at best, a research tool and have no place in the
adm ni stration of a standards enforcenent program In another regard,
conspicuity is a well regarded safety feature but do riders really need
hel p identifying conspi cuous hel nets?

Hel met sel ection cannot be a matter of sinply | ooking at certifications.
We hope that Snell certification will help narrow the range of choices
but riders still have many inportant decisions to make. Proper fit is
essential and reasonable confort is critical as well. So is the | ook of
the hel net; even the nost rational and conservative rider will not wear
a helnmet he thinks is ugly, at least, not very long. Vision is inportant
as well. Sonme new riders may notice the edges of the headgear at the
limts of their peripheral vision but at speed, a rider’'s visual field
contracts. However, if the face shield distorts or obscures, it’s got
to be replaced and, naybe, the helnet as well. Hearing is also
essential. Although nost hel mets actually inprove hearing at speed over
ridi ng bareheaded, prol onged exposure to wi nd noise nay destroy hearing
over time. A helnmet’s effectiveness in reducing wi nd noi se depends on
its structure and on the fit quality. Finally, it's not sufficient to
nmake these deci sions when the helnmet is purchased, these decisions nust
be reconsidered every tine the helnet is worn.
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M2000 DOT BSI 6658- 85 EN 22/ 05
(current) Type A
| npact Regi nmen
Fl at Anvil Two Drops Two Drops Two Drops One Drop
1st 150 |j S - 63 ] 1st 141 |j S - 115.3 ]
2nd 110 |j M- 90 j 2nd 70 j M- 132.2 j
L - 109.8 j L - 157.5 ]
Hem Anvil Two Drops Two Drops Two Drops -
1st 150 |j S - 47.3 1st 123 j
2nd 110 |j M- 67.6 | 2nd 63 j
L - 82.5 |
Ker bst one - - - One Drop
Anvi | S - 115.3 ]
M- 132.2 j
L - 157.5 j
Edge Anvil One Drop - - -
150 |
Cover age (basel i ne) Front -25 mm| Front -26 mm Four
(Medi um Side -20 mm | Side -33 mm Prescri bed
Si zes) Back -15 mm Back -3 nm Locati ons
Top
Front -18 nmm
Side -46 mm
Back +42 mm
I mpact Criteria
Peak G 300 ¢ 400 ¢ 300 ¢ 275 ¢
Dur @50 - 4 nmsec - -
Dur @00 - 2 nsec - -
H C - - - 2400
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M2000 DOT BSI 6658- 85 EN 22/ 05
(current) Type A
Ret enti on System
Ret enti on Dynam c static Dynam c Dynam c
Strength 23 kg 50 I'b 15 kg static | 15 kg static
static basel i ne 10kgx75cm 10kgx75cm
38kgx12cm 290 I b | oad shock shock
shock 1 inch 35 mm 35 mm
30 mm criterion criterion criterion
criterion
Rol | - of f 4kgx60cm - 4kgx100cm 10kgx50cm
shock total shock shock
retention retention 30°
criterion criterion criterion
Strap - - yes yes
Mcro-slip
Strap - - yes yes
Abr asi on
| nadvert ent - - yes yes
rel ease
Rel ease - - yes yes
Durability
Renovabi lity yes - - -
Free End velcro - - required for
Ret enti on f or bi dden D-rings
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M2000 DOr BSI 6658- 85 EN 22/ 05
Type A
Shel | Requirenents
Shel | 60° cone sane as sane as -
Penetration 3 kg M200O0 M200O0
3 mfall
Shel | - - - | oading to 630 n
Rigidity (141 Ib) from 30
n
(6.74 1Db)
basel i ne
40 mm max
defl ection
15 mm max
resi dual
nape - - - yes
cl ear ance
conspicuity - - - yes
ol i que - - Yes Yes
| npact




