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ABSTRACT

Over the past years, extensive research efforts have been made to improve
roadside safety hardware to veé injury to occupants of fowrheel vehicles and heavy
trucks. In comparison, limited research has been conducted to address the safety of
motorcycleriders when impacting roadside safety hardware. The vulnerability of
motorcycle riders can lead to a high risk of injury for the rider, especially when
impacting roadside barriers. In fact, motorcycle crashes were found to be the leading
source of fataties in guardrail crashes.

Physical crash testing is essential to prove crashworthiness of roadside safety
barriers. No current standards exist that require upright motorcycle crash testing of
motorcycles against barriers. In r@a&rld motorcycle crases there is a wide range of
impacts against other vehicles and barriers. Reproducing these different motorcycle
crash scenarios through physical crash testing can be considerably costly and time
consuming. Computer simulations are a great tool to agltieesvide range of impacts
in realworld motorcycle crashes because they are significtegl/expensivand
quicker than performing full scale crash tests. Motorcycle simulation models have been
devel oped since the 1970 §averthayktardhdowaeyer,i mpr ov e
there is still a need to develop detailed motorcycle models that are geometrically
accurate and can accurately predict motorcycle response behavior. This study plans to
develop a finite element computer model of a motorcyclautiivaeverse engineering

that can be useih analyze impact between motorcycles and barriers.
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CHAPTER |

INTRODUCTION

In early motorcycle research, mutigid-body(MB) systems were used to model
the motorcycle and rider in computer simulations. These models were advantageous due
to their accuracy and quick simulatiomsu However, as computational power and
speeds have increased over the years, a shift has been made frengitdody
modelingto finite elemen{FE) modelingfor motorcycle computer simulations. Finite
elementmodelingallows for increased geometaicaccuracy and more accurate
deformationresponsealuring impact. For the pposes of this study.S-DYNA was
used to develop the finite element model and computer simulatiol YDA is a nor
linear finite element analysis program and is particularitable for highspeed impacts.

In order to develop a detailed matgcle modela 3D scanner wassed to scan
the individual parts of the bike. Scans are then converted to Corfadest Design
(CAD) models. This reverse engineering technique is regulady to develop
computer models of vehicles. A finite element mesis thercreated for the CAD
modelof each part. The parts wezembined to complete the finite element computer
model. Computer simulationgereconducted with the motorcycle impactingigid
barrier heaebn at a specified initial velocity. To validate the accuracy of the motorcycle
model, measurements of the physical motorcycle, such aseeas®id location, etc.

werecompared to the measurements of the motorcycle computer modiitioAally,



the computer simulation robustnegasdetermined by ensuring no numerical instability
in the simulations.
The objectives of this research are the following:

1 Conduct literature review to determine history of use of computer simulations to
predict motorcycle and rider behavior.

1 Scan and disassemble the important structural parts of the motorcycle and
develop geometrical CAD models for each part.

1 Develop a finite element model of the motorcycle by creating meshes for each
part and assigning meial and section properties.

1 Validate motorcycle model by comparingass and geometricaleasurements of
the physical motorcycle with computer model measurements. Ensure robustness
of the computer model by running simulations with no numerical instabilit

1 Conduct simulatiomf motorcyck impacting rigid barrier at 9@egree angle.

1 Compile results into final report.

1 Recommend future validation work for motorcycle model.



CHAPTER 11

LITERATURE REVIEW

At this time, there is no existence of an mggional standard procedure required
to perform upright motorcycle crash testing against roadside safety devices (barriers).
Worldwide, in the past decades, a few crash testing laboratories have developed their
own protocols, such as L.I.LE.R. in Francel AENOR in Spain (L.E.R., 1998;
AENOR, 2005; AENOR, 2008). These test procedures, however, involve impact of
dummies against barriers, with the Anthropomorphic Test Device (ATD) sliding on the
ground on its back. This configuration wants to represeitter impacting a safety
barrier whilst sliding on the ground, having fallen from the motorcycle. The
International Organization for Standardization (ISO) developed international guidelines
to cover all aspects about conducting motorcycle physical-teasing, but this standard
is referred to motorcycle impacting against a vehicle, not against a roadside barrier (ISO
13232, 2005). Moreover, since motorcycle testing is not required for federal regulation,
there is not a legal requirement for crash fabaries to comply with ISO motorcycle
crashing standard when developing a motorcycle crash test. The European Committee
for Standardization (CEN) Technical Committee on Road Equipment (TC226) agreed on
a resolution to develop a European standard foretthection of impact severity of
motorcyclist collision with safety barriers. However, even this test procedure involves
impact of dummies against barriers, with the ATD sliding on the ground on its back

(EN13178). EN13178 does not consider motorcyehepacts against roadside barriers



while in an upright position. Moreover, it is not obligatory for any country to adopt this
standard until its use is required by a national regulation.

Below, motorcycle crash testing protocols are summarized. Tesdunes,
impact configurations, anthropomorphic test devices and severity levels are briefly
explained for each protocol.

[I.1 L.I.LE.R. Procedure (France)

In 1998, the L.I.LE.R. (Laboratoire d'essais INRETS Equipment de la Route)
laboratory in France devgled a dynamic test procedure for motorcyclist protection
systems for safety barriers in collaboration with INRETS (the French National Institute
for Research on Transport and Safety) and the French national road authbBEtR(L
1998).

As described iMable 1, the L.I.E.R. procedure involves two tests and consists of
launching amATD into the protection system sliding on the ground on its back, at an
impact speed 0 km/h 7.3 mph. In the first test, the dummy is aligned with its
launch path andnpacts the test item head first at 30° to the test item axis. In the second
test, the impact conditions remain unchanged, but the dummy is parallel to the test item.
Impact point is at approximelly at halflength of the system tested and opposite tdffa st
element (barrier post). The complete system (safety barrier with included motorcyclist
protection system) must also be subjected tesitéile vehicle crash tests according to

European Standard EN 1317 part 2 (EN13)7



Table 1.L.I.E.R. Test ImpacConfigurations (Page and Bloch, 2010).

Impact Impact

Impact Configuration Speed Angle

Test 1. Dummy 60 km/h
aligned w/ launch 30 (37.3 30°
path mph)

Test 2. Dummy 60 km/h
parallel to the test " (37.3 30°
item mph)

LIER

The dummy wears standards motorcyclist clothing and a standard motorcycle
helmet. The ATD used in the L.I.E.R. procedure is a standard dummy model developed
for automotive crash testing applications. Several changes, however, are necessary to
adapt the dmmy to the impact configuration. Sensors are applied to the occipital
condyles (heatheck point) of the dummy to measure head acceleration, forces and
moments and compare them to several biomechanical acceptance criteria. In addition, in
order to appro& the system, the dummy must not pass through the system nor remain
trapped in it. Since the approval of the test protocol, any motorcyclist protection
systems in use on the French road network must be first successfully tested according to
this procedure
[1.2 UNE-135900 Protocol (Spain)

In 2003, the Spanish ministry of public works launched a research project to

further develop the L.I.LE.R. basic test configuration. In 2005, this study resulted in the



Spanish national standard UNEB5900 (AENOR, 2005)In 2008 a revision of the
UNE-135900 standard included an additional test speed of 70 km/h (AENOR, 2008).
Following are some of the main differences with respect to the L.I.LE.R. protocol:
1 Dummy oriented at 30° to the test item (heest) for both im@cts (60 km/h
1 Second impact performed between two posts rather than opposite a post;
1 Additional biomechanical acceptance criteria specified;
1 Two distinct performance classes determined based on biomechanical
measurements.
Discontinuous protection systemme also taken into account (protective device
fitted locally around the postyhich are tested with the peséntered test and with a

specific headirst test with the impact point offset with respect to the post (see Zable



Table 2.UNE-135900 Standard Test Impact Configurations (Page and Bloch, 2010).

, , Impact | Impact
Impact Configuration Speed | Angle
discontinuous
system
Test 1. Dummy aligned i :"’;’fg:;‘w’ k?n?h
w/ launch path Post (37.3 30°
centered '
mph)
continuous A a. an
L o S R A R 0 S
Test 2. Dummy aligned B *"Em - -m;m;m-ﬂ—,ﬁ,‘:—n;{~— k?n?h
w/ launch path Mid- o system 30°
Span (37.3
mph)
discontinuous
Test 3. Dummy aligned kr7n(;h
w/ the launch pathPost (43.5 30°
Offset '
mph)

[1.3 EN 13178 Technical Specification

In 2008, the CEN Technical Committee on Road Equipment (TC22&¢&on
a resolution to develop a European standard for the reduction of impact severity of
motorcyclist collision with safety barriers. The proposal was to define an additional part
of the EN 1317 standard/hich would be primarily intended for the tesgiof

motorcyclist protection systems to be added on to barriers. In 2009, the Spanish



protocol was put forward to the TC226 to consider for adoption throughout Europe as
the definitive standard EN134%. In 2011, the TC 226 committee decided to acctept |

as a Technical Specification (EN13&Y. In fact, countries with less experience with this
particular type of testing felt uncomfortable with it, hence they decided to adopt it as an
interim solution. Thus, it is not obligatory for any country to adbjst $tandard until its

use is required by a national regulation. Each individual country has the option of
installing barriers which they believe to be safer withsubjecting them to testiniguyt

in thiscase, the country dhe National Road Authorityyould be responsible for this
decision.

At that time, no commercially available protection systems designed for upright
riders were clearly identified. Therefore, the CEN decided to concentrate its activities
on the protection of sliding riders in ordercomplete a testing standard as soon as
possible, and only afterwards other rider configurations (upright position) will be
considered.

The full-scale impact test consists of launching an ATD at a given speed against
a barrier with Motorcycle Protecin System (MPS). The ATD is sliding on its back and
shall not be restrained, guided or propelled by any force external to it at the point of
impact. Three approach paths are defined in Talddowever, if the test laboratory
judges that the impact poiittentified in this Technical Specification is not
representative of the most severe testing conditions for the considered test, the point of
impact can be changed accordingly. The ATD shall be aligned with the 30° approach

path.



The ATD used for the tesshould be a modified Hybrid Il 50th percentile male
ATD with following modifications:

1) Substitution of original pelvis and lumbar spine by the pelvis reference 7&U51
and the lumbar spine reference 78@&P and their accessories to allow the AGD
adopt upright position;

2) Modification of both original shoulders to provide for the repeatable collapse during
testing whereas the standard Hybrid 11l shoulder will exhibit unrepeatable modes of
failure;

3) Installation of foam neck shield on theck to ensure adjustment of the chin strap
buckle.

The ATD shall be equipped with a motorcycle helmet with polycarbonate shell,
complying with the requirements set out in Regulation 22 of ECE/TRANS/505. The
ATD should wear longleeved cotton teghirt, a leather, onpiece motorcycle suit
conforming to EN 16241, leather gloves, and leather boots. The total test ATD mass,
including instrumentation, helmet and clothing, shal8Beés + 2.5 kg193 + 5.5 b
The performance of the MPS is determinedviy performance classes:

1 the speed classdetermined by the impact speed of the tests;
1 the severity leve] determined by the level of the biomechanical indices obtained
from the ATD instrumentation during the test (Tables 4%nd

All necessary measurentsrio evaluate the biomechanical indices shall be
carried out with measurement systems compliant with ISO 648i& acceptance

criteria of the impact test are the following:



1 MPS: there shall be no complete rupture of any longitudinal element of the test
item.

1 ATD: the ATD shall not remain trapped in the test item. No limb, or part of a
limb, nor the head or neck of the ATD shall become totally detached from the
ATD following impact (except for the detachment of the upper extremity due to

rupture of thdrangible screws in the shoulder assembly) (Téhle

10



Table 3.EN13178 technical specification test impactndigurations (EN131-B).

Impact | Impact

Impact Configuration Speed | Angle

+ | 60 km/h
[ g/ (37.3
B
Test 1 i /’/ﬁ mph)
. 2

Launch Configuratiol N or 30°
1. PostCentered //

Impact Mt ) 70 km/h

1 eydisec)n’inuous system (43 . 5

¢ -
\
W2 2 continuous system
T - m ph)

. [ 60km/h
7w/ | (37.3

mph)
Test 2. o
Launch Configuratio i or 30°
2: PostOffset Impact e

70 km/h
(435

1 discontinuous system m |)

: 60 km/h
_ a2 S a2 o (37.3
~Ee e | e
Test 3. ts 7 = ;
Launch Configuration L or 30°
3: Mid-Span Impact -~

70 km/h
. (43.5

1 contactsufacsofsystem 2 continuous system

3 postn 4 postn+l mm)

11




Table 4.EN13178 technical specification severitgdels (EN13178).

Severity Maximum Admissible Values
Level Neck
Head F. comp M ocx M OCy ext M OCy flex
PN Fee® ) Tt | em) | om) | (Nm)
HIC 36
Table Table Table
! 650 1 1 5a) 1.5(b) 1.5(c) 134 42 190
Table Table Table
] 1,000 1.5(d) 1.5(e) 1.5(f) 134 57 190

12




Table 5.EN13178 technical specification force and momeritecia (EN13178).

1 PASS
FAIL

3
4

anterior-posterior neck shear force (N)
permitted duration for a given shear force (s)

4000

3500
3000
2500
2000
1500
1000

500

1 PASS
FAIL

3
4

anterior-posterior neck shear force (N)
permitted duration for a given shear force (s)

(a) Anteriorposterior Neck Shear Forg
Criterion for Level |

(d) Anteriorposterior Neck Shear Force
Criterion for Level I

4000 1000
L e LT e RO, | PR |
3500 13350 @ 6,660 v
30 Foosenonscncancnnsimenrereannnnenens i A e e e e R S G e S R e e e R e
2 700N @ 0,000 3 3000
> s T THON @0pess L S S e G L e
2111 e e e e 2000 4omemmmemaeananaaan T SRt L LT EL L L LT
H 11000 @ ==
1500 1500 'r EEES
1
1000 f--====-s-==~ 1000 4-mmmmmnn- -ﬂ ------- R
500 4--- 500 ---ememmmammnenaan Femmesmeeneeneees emm e
H H
0 i 4 o : .
0000 0.m5 0,080 0.1 000 0.035 0.060 0.
Key Key
1 PASS 3 axial neck tension (N) 1 PASS 3 axial neck tension (N)
2 FAIL 4 permitted duration for a given axial neck tension (s) 2 FAIL 4 permitted duration for a given axial tension (s)

(b) Axial Neck Tension Criterion for

(e) Axial Neck Tension Criterion for Leve

4000
4000 400N @ 00005
3500
350
3000
3000 3
3 250 H |
2000 O ; '
1500 1500 ' 1
1000 3 1000 : ]
0 : : 500
i H ' 1
e y 0 i ;
0,000 003 0,060 01 0000 .00 0.000 o1
4
Key
1 PASS 3 axial neck compression (N) Key
2 FAIL 4 permitted duration for a given axial compression (s) 1 PASS 3 Axial neck compression (N)
2 FAIL 4

Permitted duration for a given axial compression (s)

(c) Axial Neck Compression Criterion
for Level |

() Axial Neck Compression Criterion for
Level Il

13



Table 6.EN13178 technical specification:ale

rmination of W(EN13178).

(b) \Example: barrier + MPS

; < i

N
(a) Example: barrier + MPS
No protrusions rearward of complete Arm protrudes rearward of complete
system system
ACCEPTABLE PERFORMANCE SYSTEM FAILS TEST
" VI« " \;Vd x
|

VA &

Hand protrudes rearward of complete
system but is not trapped in system aff

(d) Exarﬁple: barrier + flexible MPS

ATD contained by MPS and RB5
protrudes behind barrier

ACCEPTABLE PERFORMANCE

test
ACCEPTABLE PERFORMANCE

W determined by rearmost part of
system

Wy determined by rearmost part of
deformed MPS

b |

(e) Integrated MPS or MPS on modular or walltype barrier
No protrusons rearward of complete system

ACCEPTABLE PERFORMANCE

Wy determined by rearmost part of system

*W 4 = Dummy Working Width

14



11.4 1SO 13232 International Standards

In 1996,ISO appointed a group of motorcyclist safety experts for the
development of gdelines to cover all aspects of the conduct of physical destimg of
a motorcycle impacting against a vehicle (ISO 132386). 1SO 13232 consists of
eightparts, under the general title "MotorcycleBest and Analysis Procedures for
Research Evahtion of Rider Crash Protective Devices Fitted to Motorcycles™:
- Part 1: Definitions, symbols and general considerations
- Part 2: Definition of impact conditions in relation to accident data
- Part 3: Motorcyclist anthropometric impact dummy
- Part 4: Variables to be measured, instrumentation and measurement procedures
- Part 5: Injury indices and risk/benefit analysis
- Part 6: Fullscale impact test procedures
- Part 7: Standardized procedures for performing computer simulations@tyobée

Impact tests

- Part 8: Documentation and reports

Because motorcycle testing is not required for federal regulation, there is not a
legal requirement for crash laboratories to comply with ISO motorcycle crashing
standard when developing a motasigycrash test.

ISO 132322 requires seven impact configurations between the motorcycle (MC)
and the opposing vehicle (OV), which are illustrated in Figuaad summarized in

Table?.

15
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Figure 1. Different impact configurationsdiween MC and OV (Rogers and Zellner, 1998).

Table 7.0V contact wint relative tlerances for theewen equired mpact onfigurations @scribed in
ISO 132322 (ISO 13232, 1996).

OV contact location Re:;:igli ?g:;)i n9 OV/'\?r(; /zg)eeds OV/I\(Arﬁpﬁg) eeds
Front 90 9.8/0 22/0
Front 135 6.7/13.4 15/30
Front Corner 180 0/13.4 0/30
Side 90 0/13.4 0/30
Side 135 6.7/13.4 15/30
Side 90 6.7/13.4 15/30
Side 45 6.7/13.4 15/30

16




The basis dummy recommended by the f80motorcycle crastesting is a
Hybrid Il 50" percentile male dummy. The ATD needs to have sit/stand construction,
standard nossliding knees and head/neck assembly compatible with eithesra®
axis upper neck load celln addition, certain ndifications are required, and those
include a sit/stand pelvis, modified elbow bushing, frangible ujggecomponents and
leg retaining cables (Zellner et al., 1996).
[I.5 BASt Homologation Procedure

In Germany, BASt has definechamologation proceduirfer impact protector
(FEMA, 2010). The procedure evaluate the deceleration against the barrier protector
during impact, whiclshould not exceed 60 g as peak value, and 40 g over a 3ms
interval. The report states tieeare two classes of devicedas> 1 vhich is testedvith
impact speed of 2km/h (12.4 mphand Qass 2 whichs tested with 3&km/h (21.7
mph). No more details regarding the two classes of devices or in general the method
procedures are reported.
I1.6 Motorcycle Computer Simulation Models

Since the 19700s several studies have
impacts with barriers and vehicles. As the years have progressed the models have
developed in complexity and accuracy in predicting motorcycle response behavior.
These computanodels have been developed through nridid-body (MB) or finite
element (FE) methods to predict motorcycle and rider behavior during impact.
Additionally, the advances in modeling software and computational speeds have allowed

more complex and detademodels to be developed.

17
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ISO 13232 was developed in 1996 and later updated in 2005 to provide common
minimum requirements for research into the feasibility of protective devices fitted to
motorcycles (ISO 13232, 2005). Although it has not been apprevadafety standard
or law it has provided a method of evaluation necessary to be accepted by the scientific
communitySpeci fically, Part 7 of | SO 13232, A St
computer simulations of moaementsdoy petfoeming mpact t
computer simulations and conventions for calibrating important structural features of the
model. Additionally, guidelines are defined for use of computer simulations, which can
be validated against data of fsltale tests.

In 2005, an extensive literature review sveonducted by Rogers et al. (2065)
assess the history and current status of motorcyclist injury prediction by means of
computer simulation. The results of the literature review are briefly summarized below.
The summary focuses specifically on details of the motorcycle model and not rider or
barrier models.

Bothwell and Petersen (1971) and Knight and Petersen (1971) developed a two
dimensionaMB with a single mass motorcycle model that was used to impact a barrier
Bothwell et al. (1973), Knight and Petersen (1973) and Knight and Petersen (1976) later
developed a thredimensional MB with a four mass motorcycle model. Chinn and
Hope (1987), Happia®mith et al. (1987), Chinn et al. (1989) and Hapysamth and
Chinn (1990) describe a twimensional lumped mass model of a motorcycle to study
motorcycle rider safety. Nieboer et al. (1993), Chinn et al. (1996) and Deguchi (2003)

developed MB models of a motorcycle usMéthematical DYnamic MOdels
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(MADYMO) to analye the impact of an airbag to the rider. Yettram (1994) and Wang
and Sakurai (1999) further developed thdgaensional MB models of a motorcycle

using MADYMO. Zellner et al. (1994) describes a thdemensional MB model based
used for 163 impact configations. Rogers et al. (1994) further developed this
motorcycle model to include a control volume airbag. Kebschul et al. (1998) describes
one of the most complete studies conducted according to ISO 13232 standards. Full
component testing was conductddng with fultscale crash testing for the different
impact configurations. lijima et al. (1998) developed a 7 mass MB motorcycle model.
Canaple (2002) describes a MB motorcycle model using MADYMO. Simulations were
conducted to generate head accelendiime histories that were later input into a FE
model of a human head.

Chawla et al. (2001) reports one of the first complete FE models of the
motorcycle. This model was further developed and used to predict rider injury
according to ISO 13232 by Mukheg et al. (2001), Nakatani et al. (2001), Mukherjee et
al. (2001) and Chawla et al. (2003). Namiki et al. (2003) describes a FE model of a
motorcycle using LYNA. The model comprised of a 35,000 element motorcycle and
5,000 element airbag. Componegdting was conducted under ISO 13232 and full
scale crash tests were performed to validate the motorcycle model.

Table 8 summarizes the reported studies by comparing motorcycle model type,

motorcycle model development method, and whether or not the madelakidated.
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Table 8. Summary of motorcycle simulation studies performed before 2005.

. . _— Motorcycle Model Model
Paper Title Authors | Year Location Institution Development :
Model Type Validated?
Method
Bothwell P 2D multi-
Dynamics of Motorcycle w Denver rigid-body
y ! 1971 U.S. Research Y | Not stated No
Impact, Vol | Petesen H . model (1 rigid
Institute
C body)
. 2D multi-
. Knight R Denver -
Dynamics of Motorcycle E, Peterser| 1971 u.S. Research ”g'd'bOd.y. Not stated No
Impact, Vol lll ) model (1 rigid
HC Institute
body)
Bothwell P .
Dynamics of Motorcycle W, Knight Denver 3?n$glrtcl_§ccl)gy
R E, 1973 U.S. Research L Not stated No
Impact, Vol | ) model (4 rigid
Petersen H Institute .
C bodies)
Dynamics of Motorcycle Knight R Denve 3%33:2_;)323/
E, Peterser|] 1973 U.S. Research o Not stated No
Impact, Vol lll ) model (4 rigid
HC Institute )
bodies)
: 3D multi-body
: Knight R Denver
Dynamics of Motorcycle E, Peterser| 1976 uU.S. Research motorcyc_le_ Not stated No
Impact, Vol lll ) model (4 rigid
HC Institute h
bodies)
Motorcycle Impact Happian United Trzr:lnggggon 2D lumped
Simulation and Practical| Smith J et| 1987 ) mass model (3 Not stated No
e Kingdom Research o .
Verification al. rigid bodies)
Laboratory
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Table 8.Continued.

. . _— Motorcycle Model Model
Paper Title Authors | Year Location Institution Development :
Model Type Validated?
Method
Transportation 2D lumped
Protecting Motorcyclists| Chinn B P, 1987 l_Jnlted and Road mass model (1 Not stated No
Legs Hope P D Kingdom Research -
rigid body)
Laboratory
The Effect of Leg Chinn B P, Transportation
Protecting Fairings on th¢ Happian United andpRoad 2D lumped
Overall Motion of a Smith J, | 1989 Kinadom Research mass model (1 Not stated No
Motorcyclein a Glancing | Macaulay g rigid body)
Laboratory
Impact MA
Simulation of Airbag . Transportation
Restraint Systems in Happian United and Road 2D lumped 1
Smith J, | 1990 . mass model (3 Not stated No
Forward Impacts of , Kingdom Research - ;
ChinnB P rigid bodies)
Motorcycles Laboratory
: TNO Crash 3D multi-
Motorcycle Qrash Test | Nieboer J J 1993 | Netherlands | Safety Researc| rigid-body (6 Hand Yes
Modelling et al ) measurement
Centre bodies)
Transportation 3D multi-
Computer Simulation of | Yettram A United and Road o
Motorcycle Crash Tests| Letal 1994 Kingdom Research n_glld-body (4 Not stated Yes
rigid bodies)
Laboratory
Zellner J Dynamic
Preliminary Researdinto W, Research/ .
the Feasibility of Newman J . International .3.D muld-
: 1994 | US/Switzerland rigid-body (4 Not stated No
Motorcycle Airbag A, Motorcycle rigid bodies)
Systems Nicholas Manufacturers 9
M Association

21




Table 8.Continued.

. . _— Motorcycle Model Model
Paper Title Authors | Year Location Institution Development :
Model Type Validated?
Method
Development and Testin( Transportation
of a Purpose Built Chinn B P, United and Road 3D multi-
Motorcycle Airbag et al 1996 Kingdom Research rigid-body Not stated Yes
Restraint System Laboratory
Injury Risk/Benefit ggg:;?::% /
Analysis of Motorcyclist Kebschull International 3D multi Hand
Protective D_ewce; Using SK, etal 1998 | US/Switzerland Motorcycle rl_glld-body (7 measurement Yes
Computer Simulation ang rigid bodies)
Manufacturers
ISO 13232 -
Association
Exploratory Study of an| ... -
Airbag Concept for a ljima. S, et 1998 Japan Honda R&D | Finite element Not stated Yes
: al. Co. model
Large Touring Motorcycle
Development and Japan
Verification of a Wana Y Autorﬁobile 3D multi
Computer Simulation 9. | 1999 Japan rigid-body (8 Not stated No
Sakurai M Research e .
Model of Motorcycleto- ) rigid bodies)
) 2 Institute
Vehicle Collisions
A Methodology For Aug:rgzgile
MotorcycleVehicle Crash . .
. : Nakatani T : Research Finite element| CMM reverse
Simulation- Development 2001 Japan/India . , . . No
et al Institute/Indian model engineering
of Motorcycle Computer .
) ) Institute of
Simulation Model
Technology
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Table 8.Continued.

Motorcycle Model Model
Paper Title Authors | Year | Location Institution Model Development .
Validated?
Type Method
Japan Automobile Finite
MotorcycIQCar S_lde Mukherjee 2001 | Japan/indid Research element CMM reverse Yes
Impact Simulation Setal Institute/Indian engineering
. model
Institute of Technology
Japan Automobile Finite
Motorc_:ycle Wall Qras_h Mukherjee 2001 | Japan/indid Research element CMM reverse Yes
Simulation and Validatior; S et al Institute/Indian model engineering
Institute of Technology
A Methodology for Car Japall?ne,:\g;?g;]oblle Finite CMM reverse
Motorcycle Crash Chawla A | 2001 | Japan/India . \ element ) i No
. : Institute/Indian engineering
Simulation . model
Institute of Technology
Impact Model . 3D mult-
Development for the | Canaple B United Transportation and rigid-body
) 2002 ) RoadResearch o Not stated Yes
Reconstruction of Curren et al Kingdom Laborator (6 rigid
Motorcycle Accidents y bodies)
FE Simulations of Finite
Motorcycle Car Frontal | Chawla A, 2003 India Indian Institute of clement CMM reverse Yes
Crashes Validation and et al Technology engineering
: model
Observations
Modelling of a 3D multi-
Motorcycle for Collision | Deguchi M| 2003 Japan Yamaha Motor Co. | rigid-body Not stated Yes
Simulation (21 bodies)




Since 2005, several other studies have been done in regards to motorcycle injury
prediction through computer simulations. They are summarized below.

Ramamurthy (2007) developed computer simulations analyzing a motorcycle and
rider impacting a concrete barrier under different road conditions. The motorcycle was
modeled through MADYMO andonsisted of 6 bodies representing the frame, seat,
wheels, suspensions and handle. The required dimensions used to model the motorcycle
were obtained from the Kawasaki manufacture
physical motorcycle and MADYMO computerodel of the motorcycle. The rider was
modeled as a Hybrid 1l 30percentile male consisting of 37 bodies. The motorcycle
model was validated by impacting the vehicle into a concrete batrgpeed of 32.2
km/h (20 mphand90-degree impact angle. €hesulting acderation was compared to
a full-scale test conducted with the same impact conditions at Monash University,
Australia (Berg et al., 2005). After validation of the motorcycle, a motorcycle with a
rider model was similarly validated based etperimental data. For this simulation and
test the motorcycle with a rider impacted the barrier angleaof 12degreesd a
speed of 60 km/h (37.3 mphlhis full-scale test was also conducted at Monash
University, Australia (Berg et al., 2005). Rbis configuration the rider injury criteria
for the simulation was compared to the resulting injury criteria from the test. Again, the
results were close and the model was validated for this impact configuration. After fully
validating the motorcycland rider model, the next stage of the research was to predict
kinematics of the motorcycle and rider and head injury suffered by the rider. This was

accomplished by performing a parametric study conducted at various sg@ekis/lf
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60 km/h 80 km/h) vaious impact angles {8egree, &egree, 12legree, 24legree, 45
degree, 6dlegree, 9dlegree) and under normal road condition and icy road condition.
In total, 42 simulations were conducted. For each simulation HIC, Neck flexion and
extension and femuoads were compared to observe the effects ofiffereht impact
conditions. A design ofperiments was performed to the see the effect that each factor
had on HIC rider injury. Angle of collision contributed 23%, road condition contributed

0.66% andchange in speed contributed 16%.

Figure 2. Comparison of physical motorcycle and computer model motorcycle (Ramamurthy, 2007).

A study was conducted by Bhosale (2013) analyzing the impact of airbags used
with smaller motorcycles, which areagsin India and other South Asian Countries. The
aim of ths study was to find appropriatgggering time for airbag inflation, backing
surface, location and orientation of airbag, and size of airbag, thedinite element
motorcycle model was dewgded by taking a representative Indian motorcycle and
measuring dimension details for individual parts and develapwdgls of the parts

using HyperMeslsoftware. Some of the simpler parts were measured by hand, while a
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Co-ordinate Measuring Machine (CMMvas used to measure dimensions of the more
complex parts. Only parts that were considered important to the structural integrity of
the motorcycle were modeled. This included the following parts or systems: fuel tank,
rear suspension, front suspensitne, wheel, exhaust pipe, engine and seat. Other
additional parts were modeled for rider bebaguch as, handlebar and faest.

Information such as part weight, moment of inertia, and center of gravity was also
obtained. A comparison of the phydio#otorcycle and develga FE model of the
motorcycle is shown in Figure 3. To validate this motorcycle model a rigid wall barrier
test was simulated. The resulting barrier wall forces from the FE simulation were
compared to th&ull-scale crash test. THiell-scale test was conducted with a

motorcycle weighing 218 kg, while the FE motorcycle weighed 100 kg. However, the
magnitude of barrier forces was found to be proportionate to motorcycle weight and it
was concluded that the motorcycle model coulddeedor further test simulations. An
airbag model was developed and evaluated by performing barrier test simulations of 90
degree and 45 degree angles of impact. It was concluded that an airbag of 142L size is

most promising in themducing energy of ri

26

der 6



Handle

Front Suspension
FootRest

Engine Front Tire

Figure 3. Comparison of physical motorcycle and computer model motorcycle (Bhosale, 2013).

Ibitoye et al. (2009) developed a 4 mass mudfid-body motorcycle to impact a
finite element model of a dWweam guardrail. No mention is madevalidation of the
motorcycle model in the study. Using MADYMO three simulations were performed of
the motorcycle crashing into thelveam guardrail. The motorcycle was given initial
speeds ©32 km/h (19.9 mph)48 km/h (29.8 mph), and0 km/h (37.3mph) and an
impact angle of 45 degrees. Potential injury risk was predicted for the three simulations
for the following injury parameters: HIC, neck tension, neck shear, neck bending, chest
acceleration and femur. For each impact speed several of thepajameters were
determined to be above the tolerance injury risk level. Taesegn of guardrails is
recommended to reduce severity of injury to the rider.

Chawla and Mukherjee (2007) discuss the process of developing an FE
simulation that meets threquirements of ISO 13232 and evaluates airbags. The

motorcycle model was developed through reversgineering techniques using a-Co
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ordinate Measuring Machine (CMM). Figure 4 shows the completed FE model. Previous
studies were referenced in which thetaroycle model used was validated through a
variety of impact configurations as specified by ISO 13232. Simulations were
conducted by varying initial distance between dummy and the airbag. Head x and y
acceleration was compared for each of the diffesgnulations. This study was an

initial report evaluating the suitability of airbags in motorcycles. The injury sustained by
the rider during the airbag deployment was predicted to be a low probability and the
variation of initial distance between dumnmdaairbag did not have a significant impact

on rider injury.

Figure 4. Finite element computer model of a motorcycle (Chawla and Mukherjee, 2007).

Namiki et al. (2005) used a previously validated computer motorcycle model
(Chawla et al., 2003) to preed rider injury in 200 impact configurations and 400 cases
as specified by ISO 13232. The FE model of the motorcycle is shown in Figure 5.
Several fullscale tests were conducted and used to further validate the motorcycle

model with an airbag. After vidation of the motorcycle model, injury reduction
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analysis was performed according to ISO 13232. The average results of all the

performed simulations showed that the airbag had a positive effect in injury reduction.

[ Rigid
B Deformable
//\I
7 Y
- X Sisss: L'
WA

Figure 5. Finite element canputer model of a motorcycle showing deformable and rigid parts (Namiki et
al., 2005).
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Table 9. Summary of motorcycle simulation studies conducted during or after 2005.

Motorcycle Model Validated
Paper Title Authors Year | Location | Institution Model Development
Model?
Type Method
A Computer Simulation o -
For Motorcycle Rider Namiki H, Honda R&D Finite
) : Nakamura T,/ 2005 | Japan element Unknown Yes
Injury Evaluation In Co.
. lijima S model
Collision
Kinematic Analysis of a
Motorcycle and Rider Multi-ricid-
Impact on a Concrete | Ramamurthy, Wichita State 9 Hand
. . 2007 us : : body (6 Yes
Barrier Under Different S University . measurement
bodies)
Impact and Road
Conditions
Motorcycle Safety Device Indian Finite
Investigation A Case M?Ji?\vc\allraeé’s 2007 India Institute of element CeMnl\/iInrggrei:]se Yes
Study on Airbags : Technology model 9 9
Simulation of Motorcycle Road Safety Multi-riqid-
Crashes with \ABeam | Ibitoye A B, Malaysia/| Research g Hand
oo 2009 body (4 No
Guardrail Injury Patterns et al Qatar | Centre/Qatar . measurement
_ : : bodies)
and Analysis University
Exploratory Study on the
f?rugﬁt:lr:lé)i/acr)]f iﬂnoﬁ)':gage Indian Finite CMM and
. Iy y Bhosale, P V| 2013 | India Institute of element hand Yes
Using Finite Element
Technology model measurement

Computer Simulations of
Rigid Wall Barrier Tests
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CHAPTER 1lI

MOTORCYCLE SCANNING

The mehodology to reversengineer a motoycle is detailed in this chapter
The motorcycle to be modelled was selected to be a 2005 Kawasaki Ninja 500R. This
motorcycle was selected basedpmpularity among riders, dimensions, and rider
posture. These are ifportant criteria because they affect the likelihood of a rider and
motorcycle being involved in a crash. The Kawasaki Ninja 500R has a smaller build and
causes riders to have a forward position and lean due to the geometry of the bike and
footrest locatios.
[1l.1 Global Scan Setup

Two different scanners were used throughout the scanning prodess.
Suphase® HSX laser sanner produces quick 3D scanssklected area with an
accuracy of .2 mm(0.008 in) Figure 6shows the Surphaser placed on paui for
stability. The Surphaser scanner is best used to scan large parts or entire vehicles from a
distance of about 3 m (10 ft). The Surphaser was used to develop global scans of the

entire motorcycle and to scan larger parts such as the enginenfyend frame.
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Figure 6. Surphaser scanner placed on tripod.

The FARO Edge 3D laser scannisra portable CMM that is commonly used for
reverse engineerin@rigure 7) The FARO scanner is ideal for scanning small parts and
is accurate whin =25um (0.001 in). This scanner was used to scarajarity of the

individual motorcycleparts after disassembly.
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Figure 7. FARO Edge 3D laser scanner.

The first step in the scanning process was to develop global scans ofréne ent
motorcycle. This wadoneso that parts could later be aligned to their correct global
position in reference to the entire motorcycle. The Surphaseneswaas used during
this step because it cguickly scan a large area while still maintainingaod accuracy.

In order to capture full geometricalscan of the motorcycle, it was lifted into the
air and scanned.he motorcycle was steadied by placing posts for the bike to rest
against.This allowed the front and rear tire to be in their progamgetrical shape while
scanning.Additionally, in order for the Surphaser to accurately capture the motorcycle
geometryjt was spraye with white MagnafluxMagnaflux creates a white coating over
the parts that r educ e spansgfoduang b better Scan. o r

Figure 8shows the bike lifted in the air and sprayed with Magnaflux.
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Figure 8. Motorcycle sprayed with Magnaflux suspended in the air.

To capture the full geometry of the motorcycle $hephasewas placed at
different locations around the motorcycleigure 9shows the eighdifferent locations
that the Surpaser was placed around the motorcycle. For each scan the Suwdmser
about 3 m (10 ft.) away. Figure Ehows an example setup with the Surphasen&of

the corner locations.
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