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AIM OF THE ACTIVITY

• Evaluation of the PTW structural and 
dynamics design

• Effect of protective devices (i.e. 
helmets and protective garments)

DESCRIPTION OF THE ACTIVITY

•Description of PTW driving and 
accident dynamics

•Use of Multibody Technique

OVERVIEW OF THE RESEARCH

HOW?

COMPARE

Simulation Data – Virtual.Lab Motion
Test data – DEKRA

0.1 Motorcycle accident reconstruction – Overview



copyright LMS International - 2009 5

1. Survey on PTW accidents investigations 

2. Selection of most common scenarios (WP2)

3. MBS model development

4. Comparison with DEKRA data

RESEARCH APPROACH

Based on accident reports

ISO 13232

3.1 Motorcycle

3.2 Dummy

3.3 Helmet (DAINESE-ICL)

0.2 Motorcycle accident reconstruction – Overview



copyright LMS International - 2009 6

2 Research progress

1 Motorcycle accident reconstruction - Overview

3 What’s next ? (Nicola Cofelice)

AGENDA



copyright LMS International - 2009 7

1.1 Survey on PTW accidents investigations 

65,3%

Most common configuration: FRONTALImpact relative positions 
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CONFIGURATIONS (WP2 – Avinash)

• head on (CAC1)

• crossing (CAC2)

• merging (CAC3)

• oncoming crossing (CAC4)

• following side swipe (CAC5)

¡ Working on these configurations!

2.1 Selection of most common scenarios



copyright LMS International - 2009 9

7 rigid bodies

Front wheel

Lower part of the fork

Middle part of the fork

Upper part of the fork 
(including the handlebars) 

Front frame
(including the tank)

Swinging arm

Rear wheel

12 degrees of freedom

- 6 from the front frame (3 coordinates of CM together with the roll, pitch and yaw angles), 
- 1 from the steering angle, 
- 2 corresponding to the rotation of the wheels, 
- 2 from the suspensions,
- 1 for the deformation of the front fork.

3.1.1 Motorcycle Multibody Model - description

2,08 mTot Length

1,42 cmWheelbase

208 kg + RiderWeight

Yamaha FZS 600 Fazer
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TSDA 
(Translational Spring-Damper-Actuator)

Limits: Bump - Rebound Stops

3.1.2 Motorcycle energy absorption 

RSDA 
(Rotational Spring-Damper-

Actuator)

Bi-Linear behavior 
material
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24 rigid bodies
head

Neck (7 vertebras)

Torso (T1 included)

pelvis

right arm (up, low),

left arm (up, low),right hand

left hand

left leg (up, low),

right foot
left foot

23 joints:
- Revolute (4), 

- Spherical (15), 
- Fixed joints (4)

(50%ile European)

3.2.1 Rider Multibody Model

helmet

Weight: 73.25 kg
Height: 179 cm

Rider (50th percentile EU)

right leg (up, low)
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Stiffness of human joints

Head Z Torque Shoulder Z Torque

Torque [Nm] = T(� ) => NO LINEAR

3.2.2 Dynamic behavior of human joints

Friction of human joints C (Constant Damping) => LINEAR

Attachments rider motorcycle: 5 TSDA

IF Fi > Fmax Then  DETACHEMENT CONDITION
• saddle
• left and right foot
• left and right hand
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3.2.3 Neck behavior

Neck behavior => based on FMVSS* 572 subpart E

Stiffness = T( � ) => NO LINEAR

C (Constant Damping) => LINEAR *FMVSS = Federal Motor Vehicle Safety Standard
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Pendulum Acceleration – Input

3.2.6 Test of the neck model – Extension
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3.2.4 Test of the neck model – Extension
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Standard: FMVSS 572 50th Neck Extension Test

3.2.5 Test of the neck model – Extension

121 ms
Time of First Decay to 0 Nm
120 ms � time � 148 ms

Rebound to 0

78 ms65 ms � time � 79 ms

68.96 Nm52.9 Nm � moment � 80.0 Nm
Maximum Moment

154 ms147 ms � time � 174 ms
Time for the Rotation to 
Cross 0° During First 
Rebound

79 ms72 ms � time of maximum rotation � 82 ms

92.7°81° � maximum rotation � 106°
Rotation at OC Joint

41 ms38 ms � time � 46 msFirst Pendulum Decay to 5 g

passed22.0 g maximum> 30 ms

11.52 g11.0 � g � 16.0@ 30 ms

15.45 g14.0 � g � 19.0@ 20 ms

17.36 g17.2 � g � 21.2@ 10 ms
Pendulum 
Deceleration vs. 
Time Pulse

5.952 m/s5.94 m/s � speed � 6.19 m/sPendulum Impact Speed

ResultSpecificationParameter
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Neck Extension Angle

3.2.7 Test of the neck model – Extension
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Neck Moment – OC joint

3.2.8 Test of the neck model – Extension
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3.2.11 Test of the neck model – Flexion

Pendulum Acceleration – Input
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3.2.9 Test of the neck model – Flexion
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3.2.10 Test of the neck model – Flexion

Standard: FMVSS 572 50th Neck Flexion Test

95 ms
Time of First Decay to 0 Nm
97 ms � time � 107 ms

Rebound to 0

56 ms47 ms � time � 58 ms

101.5 Nm88.1 Nm � moment � 108.5 Nm
Maximum Moment

130 ms113 ms � time � 128 ms
Time for the Rotation to Cross 
0° During First Rebound

70 ms57 ms � time of maximum rotation � 64ms

87.93°64° � maximum rotation � 78°
Rotation at OC Joint

3734 ms � time � 42 msFirst Pendulum Decay to 5 g

passed29.0 g maximum> 30 ms

15.79 g12.5 � g � 18.5@ 30 ms

19.01 g17.6 � g � 22.6@ 20 ms

23.51 g22.5 � g � 27.5@ 10 ms
Pendulum 
Deceleration vs. 
Time Pulse

6.89 m/s6.89 m/s � speed � 7.13 m/sPendulum Impact Speed

ResultSpecificationParameter
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3.2.12 Test of the neck model – Flexion

Neck Flexion Angle
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3.2.13 Test of the neck model – Flexion

Neck Moment – OC joint
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ISO standard 13232-2 . 

48Km/h

*MAIDS REPORT http://www.maids-study.eu/

65,3%*

4.1 Accident simulation set-up: head on

Realistic crash simulation Focus on HEAD ACCELERATION!
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Car Energy Absorption
K = Lateral Stiffness

M = Car’s mass

4.2 Car energy absorption (first step)
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Accident simulation set-up: rigid wall accident 
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Dekra accident reconstruction: configuration 413 (IS O 13232)

4.3 Dekra test data (Work in progress)

Acceleration magnitude
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