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DISCLAIMER

The contents of this report reflect the views of the authors, who are solely
responsible for the facts and accuracy of the data and the opinions, findings, and
conclusions presented herein. The contents do not necessarily reflect the official views
or policies of the Texas Department of Transportation, The Texas A&M University
System, or the Texas A&M Transportation Institute (TTI). This report does not constitute
a standard, specification, or regulation. In addition, the above listed
agencies/companies assume no liability for its contents or use thereof. The names of
specific products or manufacturers listed herein do not imply endorsement of those
products or manufacturers.

The results reported herein apply only to the article tested. The full-scale crash
tests were performed according to TTI Proving Ground quality procedures and
American Association of State Highway and Transportation Officials Manual for
Assessing Safety Hardware, Second Edition, guidelines and standards.

The Proving Ground Laboratory within TTI's Roadside Safety and Physical
Security Division (“TTI Lab”) strives for accuracy and completeness in its crash test
reports. On rare occasions, unintentional or inadvertent clerical errors, technical errors,
omissions, oversights, or misunderstandings (collectively referred to as “errors”) may
occur and may not be identified for corrective action prior to the final report being
published and issued. If, and when, the TTI Lab discovers an error in a published and
issued final report, the TTI Lab will promptly disclose such error to Texas Department of
Transportation, and both parties shall endeavor in good faith to resolve this situation.
The TTI Lab will be responsible for correcting the error that occurred in the report, which
may be in the form of errata, amendment, replacement sections, or up to and including
full reissuance of the report. The cost of correcting an error in the report shall be borne
by the TTI Lab. Any such errors or inadvertent delays that occur in connection with the
performance of the related testing contract will not constitute a breach of the testing
contract.

THE TTI LAB WILL NOT BE LIABLE FOR ANY INDIRECT, CONSEQUENTIAL,
PUNITIVE, OR OTHER DAMAGES SUFFERED BY THE TEXAS DEPARTMENT OF
TRANSPORTATION OR ANY OTHER PERSON OR ENTITY, WHETHER SUCH
LIABILITY IS BASED, OR CLAIMED TO BE BASED, UPON ANY NEGLIGENT ACT,
OMISSION, ERROR, CORRECTION OF ERROR, DELAY, OR BREACH OF AN
OBLIGATION BY THE TTI LAB.
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yd yards 0.914 meters m
mi miles 1.61 kilometers km
AREA
in? square inches 645.2 square millimeters mm?
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°F Fahrenheit 5(F-32)/9 Celsius °C

or (F-32)/1.8
FORCE and PRESSURE or STRESS

Ibf poundforce 4.45 newtons N
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g grams 0.035 ounces oz
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N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ib/in?

*Sl is the symbol for the International System of Units



Chapter 1. INTRODUCTION

The United States currently does not have developed and standardized testing
and evaluation criteria for use in the crashworthiness investigation of motorcycle
roadside safety systems. Europe, however, has developed and adopted a formalized
protocol, CEN/TS 17342:2019, Road Restraint Systems—Motorcycle Road Restraint
Systems Which Reduce the Impact Severity of Motorcyclist Collisions with Safety
Barriers.

Protocol CEN/TS 17342:2019 (1) provides test procedures to test and evaluate
roadside safety hardware for motorcyclist impacts. The procedures generally describe
test setup, test installation, anthropomorphic test dummy (ATD) preparation, post-
processing, evaluation criteria, and reporting requirements. One specific element of the
procedures discusses the identification and use of motorcycle helmet types. Annex F in
CEN/TS 17342:2019 describes a test procedure to determine appropriate motorcycle
helmets for use in the testing protocols.

The Texas A&M Transportation Institute (TTI) previously performed testing
according to the CEN/TS 17342:2019 protocol, adopting, however, existing U.S.
helmets to adapt to U.S. market characteristics (2, 3). Because helmet characteristics
potentially influence testing injury outcomes, there is a need to objectively and efficiently
compare U.S. and European motorcycle helmets and to identify potential design and/or
evaluation flaws of U.S. helmets for motorcycle roadside safety system investigation.

The objectives of this project were to (a) develop a laboratory apparatus to
conduct calibration testing of motorcycle helmet testing, (b) conduct helmet calibration
testing following the procedures included in Annex F of CEN/TS 17342:2019, and
(c) provide suggestions of U.S. helmets for consideration in the development of
guidelines for motorcycle crash testing.
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Chapter 2. BACKGROUND

An increase in motorcycle registrations along with rising safety concerns in
recent years has driven a growth in motorcycle helmet sales across the globe. The
motorcycle helmet market is predicted to rise by 7 percent globally and 8 percent in the
United States by 2030 (4). Numerous brands and types of motorcycle helmets are
available in the market. Generally, there are four different classifications of motorcycle
helmets based on shape: (a) full face, (b) half/open face, (c) modular, and (d) off-
road/dual sport. Figure 2.1 shows an example of these motorcycle helmet types. Each
type offers various advantages and disadvantages. Some types provide better safety
and protection, while other types provide better functionality and comfort. The research
under this project focused on full-face motorcycle helmets.

(c) Modular (d) Off-Road/Dual Sport
Figure 2.1. Helmet Types.

The U.S. Department of Transportation (DOT) requires that all motorcycle
helmets sold in the United States meet Federal Motor Vehicle Safety Standard
(FMVSS) 218 (5). Under this FMVSS 218 testing standard, helmets are subject to
impact attenuation, penetration, and chin strap retention tests. In addition, there are
general requirements for such things as the liner, chin strap and rivets, weight, and
design/style of the helmet. Helmets with FMVSS 218 certification are marked with a
sticker on the back side of the helmet.
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Another helmet testing program in the United States is Snell (6), which subjects
motorcycle helmets to additional tests. The latest versions of the testing certification,
M2025D and M2025R, have recently gone into effect for motorcycle helmets on the
market. The testing is more rigorous than FMVSS 218 because it incorporates
additional tests that must meet specific safety and performance requirements. Thus,
helmets that meet the Snell testing requirements are generally more expensive since
they incorporate more advanced safety features. Motorcycle helmets sold in the United
States are not required to meet Snell testing criteria. The tests included as part of Snell
certification are the following:

e Impact management tests:

o Frontal.

o Oblique.

Positional stability test.
Dynamic retention strength test.
Chin bar test.

Helmet shell penetration test.
Face shield penetration test.
Removability test.

Additional helmet testing standards have been developed and implemented in
international countries. These include European Commission for Europe (ECE)
22.05/22.06, safety helmet assessment and ratings program (SHARP), and FIM. Some
similarities exist between the various testing standards. However, some are considered
more rigorous than others. Further, implementation of the helmet testing criteria varies.
Motorcycles helmets sold in the United States may be listed as certified per some of
these international standards. Thus, a helmet could be certified as FMVSS 218 DOT
approved, Snell M2025R, and ECE 22.06.

Since the United States has no motorcycle safety testing criteria with respect to
roadside hardware, there are no specifications as to which helmets or certifications are
suitable for an upright or sliding crash impact against barriers.

The CEN/TS 17342:2019 testing procedure requires the use of a standard
helmet for conducting sliding impacts with barriers. The testing standard has a
calibration test protocol to ensure consistency when different helmets are used across
testing laboratories.
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Chapter 3. TEST SETUP

Experimental testing was performed to evaluate the performance of U.S.
motorcycle helmets. This chapter describes the test setup, and procedures followed to
test and evaluate the motorcycle helmets. The test setup and procedures generally
followed those outlined in CEN/TS 17342:2019 Annex F.

3.1. TEST FACILITY

The tests reported herein were performed at the TTI Proving Ground, an
International Standards Organization (ISO)/International Electrotechnical Commission
(IEC) 17025-accredited laboratory with American Association for Laboratory
Accreditation (A2LA) Mechanical Testing Certificate 2821.01.

The test facilities of the TTI Proving Ground are located on The Texas A&M
University System RELLIS Campus, which consists of a 2000-acre complex of research
and training facilities situated 10 mi northwest of the flagship campus of Texas A&M
University.

3.2. TEST APPARATUS

The test apparatus consisted of a table with a sled pulled along a track and
impacting an ATD head and neck assembly wearing a motorcycle helmet. The sled
weighed 166 Ib. A stainless steel plate angled at 30 degrees was used as the impact
surface against the motorcycle helmet. It was accelerated by dropping a counterweight
that weighed 360 Ib.

The back of each helmet was positioned the same for all tests. The center rear of
the helmet was resting on the table, and the front of the helmet was placed vertically
within 0.2 degrees of rotation. The neck was positioned so that the three lowest
vertebrae (closest to shoulder interface point) were within 0.2 degrees of horizontal
before each test. Adjustments were made in some cases due to different helmets
having different distances between the back of the helmet and the back of the head.

Figure 3.1 presents the overall information on the test apparatus. Figure 3.2
shows the sled in contact with a motorcycle helmet. Appendix A provides further details
on the test apparatus. Drawings were provided by the TTI Proving Ground, and
construction was performed by TTI Proving Ground personnel.
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Figure 3.2. Test Apparatus at Contact Point.
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3.3. DATA ACQUISITION SYSTEMS

3.3.1. Anthropomorphic Test Dummy and Instrumentation

The ATD consisted of a standard Hybrid Il 50th percentile male head and neck
assembly. The assembly was mounted to a steel plate that was welded to the table.

The instrumentation used for the tests was based upon a modified Hybrid 111 50th
percentile male ATD as described in CEN/TS 17342:2019. All necessary measurements
to evaluate the biomechanical indices were carried out with measurement systems that
satisfy ISO 6487 requirements or better. The resultant accelerations measured at the
center of gravity of the ATD’s head were calculated from the tri-axial components of the
acceleration recorded with a channel frequency class (CFC) of 1000 and a channel
amplitude class (CAC) of 500 g. The neck forces and moments were measured by a
six-channel upper neck load cell specifically designed to be fitted to the Hybrid 11l ATD.
These forces and moments were recorded as follows: (a) Fx and Fy with a CAC of 8 kN
and a CFC of 1000; (b) Fz with a CAC of 13 kN and a CFC of 1000; and (c) Mx, My, and
Mz with a CAC of 280 Nm and a CFC of 1000.

3.3.2. Photographic Instrumentation Data Processing

Photographic coverage of each test included two digital high-speed cameras:

e One placed overhead with a field of view perpendicular to the table and
directly over the impact point.
e One placed with a perpendicular view of the impact point.

The video files from these digital high-speed cameras were analyzed to observe
phenomena occurring during the impact and to determine the impact speed. A digital
camera recorded and documented conditions of each helmet before and after the test.

3.4. MOTORCYCLE HELMETS

Thirteen U.S. motorcycle helmets were acquired for impact testing. Table 3.1
presents a list of the helmets that were evaluated.
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Table 3.1. Motorcycle Helmets.

Test Number Helmet Certification
491534-03-1 | Bell Qualifier DOT, ECE 22.05
491534-03-2 | Scorpion EXO-R320 | DOT
491534-03-3 | HIC C70 DOT
491534-03-4 | Sedici Strada |l DOT, Snell M2020D
Primo Americana
491534-03-5 | Shoei RF-SR DOT, Snell M2020D
491534-03-6 | HIC F70 DOT, ECE 22.05, 4 star (orange oblique)
491534-03-7 II\B/I?nguahﬁer DLX DOT, ECE 22.05, 3 star (orange oblique)
491534-03-8 II\B/I?;IJISQua“ﬁer DLX DOT, ECE 22.05, 3 star (orange oblique)
491534-03-9 | AGV K3 DOT, ECE 22.06, 4 star (orange oblique)
491534-03-10 | AGV K6 S DOT, ECE 22.06, 5 star (green oblique)
Shoei X-15 DOT, ECE 22.06, Snell M2020R, 5 star

491534-03-11

(green oblique)

491534-03-12

Arai Regent X

DOT, Snell M2020D

491534-03-13

Icon

DOT, ECE 22.06, PSC-Japan

TR No. 9-1531-R3B
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Chapter 4. TEST RESULTS

This chapter presents the results of the tests conducted on the 13 motorcycle
helmets. The test results were used to assess the performance of each motorcycle
helmet.

4.1. MOTORCYCLE HELMET IMPACT TESTS

Each motorcycle helmet was impacted with the sled at a target impact speed of
12.3 mi/h. Photographs of the helmets before and after the test were taken to document
the damage. Appendix B presents the photographs for each test.

4.2. ATD INJURY CRITERIA

There were two quantities of interest to analyze the performance of the
motorcycle helmets: neck compression force (Fz) and neck bending moment about the
x-axis (Mocx). Figure 4.1 and Figure 4.2 show the neck compression force for the
motorcycle helmet tests, with the neck compression force presented as a positive value.
Figure 4.3 and Figure 4.4 present the neck bending moment about the x-axis for the
motorcycle helmet tests.

The ATD neck force and moment varied for each motorcycle helmet. The Bell
Qualified helmet had the highest neck compression force at 5533 N. The Sedici Strada
Il Primo Americana had the lowest neck compression force at 2250 N. The two helmets
also had the highest and lowest neck bending moment (x-direction).

The CEN/TS 17342:2019 testing procedure recommends that two criteria be
considered when evaluating and selecting candidate motorcycle helmets for full-scale
crash testing. First, the neck compression force curve should fit within the bounds of
CEN/TS 17342:2019 Figure F.2. Second, the neck bending moment peak value should
be between 20 Nm and 80 Nm. To evaluate the first criterion, the neck compression
force curve for each motorcycle helmet test was determined, and the detailed results
are presented in Appendix C. Ten of the 13 helmets met the criterion. To evaluate the
second criterion, the maximum neck bending moment was recorded. Five of the
13 helmets met the criterion.
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Figure 4.1. Neck Compression Force for Tests 1 through 6.
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Figure 4.2. Neck Compression Force for Tests 7 through 13.
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Figure 4.4. Neck Bending Moment for Tests 7 through 13.
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4.3. DISCUSSION

Table 4.1 presents a summary of the testing for each of the motorcycle helmets.
Five of the 13 helmets met both of the CEN/TS 17342:2019 Annex F criteria.
Observances and trends from the helmet tests are as follows:

The three Bell helmets were among the lower performers.

The HJC and AGV helmets met both of the criteria.

None of the helmets with a polycarbonate shell met both of the criteria, with
the exception of the HIC C70 helmet, which had a polycarbonate composite
shell.

There was no commonality in performance based on helmet certification
levels. Some helmets with lower certification levels met both of the criteria,
while some helmets with higher certification levels did not meet the criteria.
There was no commonality in performance based on the helmet finish.
Several helmets performed well but were just over the 80 Nm limit for the
neck bending moment. Three helmets were in the range of 80 to 90 Nm,
which caused them to fail the criteria.

The Sedici Strada Il Primo Americana helmet was the best performer. It is the
helmet that has been used in previous full-scale motorcycle crash tests
performed at TTI.
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Table 4.1. Summary of Motorcycle Helmet Tests.

Impact Max Neck
Test Helmet Helmet Shell He_Imet Speed Certification H?”.“et Force FZ._ Mocx
Number Liner (mi/h) Finish Compression (Nm)
_ (N)
1 Bell Qualifier | L'ghtweight Unknown 12.13 | DOT, ECE 22.05 Matte 5532.7 177.8
polycarbonate
Scorpion Advanced LG Dual-density
2 EXO-R320 polycarbonate EPS 12.79 DOT Gloss 3299.0 88.5
3 HJC C70 Polycarbonate | Multi-density | 1, 39 | por Matte 2865.4 62.3
composite EPS
Sedici Strada | Fiberglass and Dual-densit
4 Il Primo DuPont Kevlar EPS y 12.71 DOT, Snell M2020D Matte 2250.0 24.7
Americana fiber
5 | Shoei RF-SR | Fiber Duariayer 12.73 | DOT, Snell M2020D Gloss 3187.7 105.8
6 HIC E70 Fiberglass Multi-density 12.14 DOT, ECE 22.05, Gloss 2934.3 65.7
composite EPS ) 4 star (orange oblique) ' '
Bell Qualifier | Lightweight : DOT, ECE 22.05,
! DLX Mips polycarbonate Mips EPS 12.22 3 star (orange obligue) Gloss 3863.2 120.0
Bell Qualifier | Lightweight . DOT, ECE 22.05,
8 DLX Mips polycarbonate Mips EPS 12.37 3 star (orange oblique) Matte 5344.4 160.4
9 AGV K3 High-resistance | Multi-density 12.19 DOT, ECE 22.06, Matte 2973.6 267
thermoplastic EPS ) 4 star (orange obligue) ' '
Carbon aramid | 5-layer DOT, ECE 22.06,
10 AGVKE S fiber density EPS 12.6 5 star (green oblique) Matte 2803.4 74.6
Six-ply matrix | Multi-densit DOT, ECE 22.06,
11 Shoei X-15 Pl y 12.69 Snell M2020R, 5 star Gloss 2571.3 84.6
of fiberglass EPS (green oblique)
Super-complex
12 Arai Regent X | laminate Unknown 12.41 DOT, Snell M2020D Gloss 3346.4 89.7
construction
13 Icon Polycarbonate | ;.\ hown 1238 | DOT, ECE 22.06, Matte 4743.1 142.0

shell

PSC-Japan

Note: Values with red bold text did not meet the CEN/TS 17342:2019 Annex F criteria. EPS = expanded polystyrene.







Chapter 5. CONCLUSIONS

There is a lack of standardized testing and evaluation criteria to investigate the
crashworthiness of motorcycle roadside safety systems in the United States. A testing
standard has been developed for use in Europe, CEN/TS 17342:2019. In lieu of existing
standards, previous full-scale crash tests have generally followed the CEN/TS
17342:2019 test standards. Other full-scale crash tests have been performed to
evaluate upright motorcyclist impacts with roadside safety hardware. One common
thread in the testing conditions has been the use of a U.S. motorcycle helmet. The
general approach has been to utilize a readily available DOT-approved helmet. Test
results have necessitated a review of U.S. motorcycle helmets to assess their range of
performance.

In this project, a test apparatus was developed to evaluate the impact
performance of motorcycle helmets. The impact was designed to replicate the sliding
impact conditions presented in CEN/TS 17342:2019. Further, Annex F in CEN/TS
17342:2019 presents details on the test apparatus setup and impact conditions; these
protocols were generally followed in the testing presented in this report. The test
apparatus consisted of a table and sled mounted on a sliding track system. The sled
impacted a Hybrid 111 50th percentile male ATD head and neck assembly and
motorcycle helmet mounted to a steel plate.

Thirteen helmets were evaluated with the impact testing. The helmets ranged in
manufacturer, price, finish, shell material, and certification. The performance of each
helmet was analyzed by determining the ATD neck compression force (Fz) and neck
bending moment about the x-axis (Mocx). The Fz and Mocx values for each helmet were
compared to thresholds specified in Annex F of CEN/TS 17342:2019.

Five of the 13 helmets met the performance criteria for the neck compression
force and bending moment injury values. These five helmets varied in type, certification,
and price. There were no general trends observed in the motorcycle helmet
performance. Some of the motorcycle helmets with lower certification levels performed
at a high level, while others with higher certification levels performed at a lower level.
The motorcycle helmet that had been previously used in full-scale crash tests (Sedici
Strada Il Primo Americana) was one of the best performing helmets.

The results of the testing provide an overview of motorcycle helmet performance
for a specific impact condition. Additional research and testing configurations may be
needed to better understand trends in U.S. motorcycle helmet performance. This could
include conducting repeat tests to identify possible variance in the testing outcomes,
altering the impact angle of the sled plate, altering the test procedures, and analyzing
additional motorcycle helmets. Until further research is conducting, the five helmets that
met both performance criteria should be considered appropriate candidate helmets for
full-scale crash testing.
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APPENDIXB. MOTORCYCLE HELMET IMPACT TESTS—BEFORE
AND AFTER PHOTOS

A== P e k
Figure B.1. 491534-03-1 prior to Testing.

Figure B.4. 491534-03-2 after Testing.
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Figure B.5. 491534-03-3 prior to Testing.

Figure B.8. 491534-03-4 after Testing.
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Figure B.9. 491534-03-5 prior to Testing.

Figure B.12. 491534-03-6 after Testing.
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Figure B.13. 491534-03-7 prior to Testing.
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Figure B.16. 491534-03-8 after Testing.
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Figure B.20. 491534-03-10 after Testing.
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Figure B.24. 491534-03-12 after Testing.
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Figure B.26. 491534-03-13 after Testing.
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APPENDIX C. NECK COMPRESSION FORCE CURVES

C.1. TEST 491534-03-1—BELL QUALIFIER
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Figure C.1. Neck Compression Force Curve—Test 491534-03-1.

C.2. TEST 491534-03-2—SCORPION EXO-R320
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Figure C.2. Neck Compression Force Curve—Test 491534-03-2.
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C.3. TEST 491534-03-3—HJC C70
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Figure C.3. Neck Compression Force Curve—Test 491534-03-3.

C.4. TEST 491534-03-4—SEDICI STRADA Il PRIMO AMERICANA
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Figure C.4. Neck Compression Force Curve—Test 491534-03-4.
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C.5. TEST 491534-03-5—SHOEI RF-SR
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Figure C.5. Neck Compression Force Curve—Test 491534-03-5.

C.6. TEST 491534-03-6—HJC F70
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Figure C.6. Neck Compression Force Curve—Test 491534-03-6.
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C.7. TEST 491534-03-7—BELL QUALIFIER DLX MIPS (GLOSS)
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Figure C.7. Neck Compression Force Curve—Test 491534-03-7.

C.8. TEST 491534-03-8—BELL QUALIFIER DLX MIPS (MATTE)
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Figure C.8. Neck Compression Force Curve—Test 491534-03-8.
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C.9. TEST 491534-03-9—AGV K3
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Figure C.9. Neck Compression Force Curve—Test 491534-03-9.

C.10. TEST 491534-03-10—AGV K6 S

5000

4000

3000

2000

1000

Neck Force Fz (N)

0

-1000

-2000

-3000
0 0.005 0.01 0.015 0.02

Time (s)

Figure C.10. Neck Compression Force Curve—Test 491534-03-10.
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C.11. TEST 491534-03-11—SHOEI X-15
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Figure C.11. Neck Compression Force Curve—Test 491534-03-11.

C.12. TEST 491534-03-12—ARAI REGENT X
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Figure C.12. Neck Compression Force Curve—Test 491534-03-12.
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C.13. TEST 491534-03-13—ICON

6000
5000

4000

3000

2000

1000

Neck Force Fz (N)

-1000

-2000

-3000

-4000
0 0.005 0.01 0.015 0.02

Time (s)

Figure C.13. Neck Compression Force Curve—Test 491534-03-13.
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