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Sammanfatning
Syftet med projektet var att utforma och genomföra ett krocktest där en motorcykel med en förarbyte
(kollisionsdocka) kolliderade med en bil.
En rörlig motorcykel till rörlig bil prov genomfördes i Autoliv, Vårgårda, den 10 februari 2021.
Utförandet av testet lyckades och data samlades in från motorcykel-, bil- och motorcykelryttrappan.
Testet visar en metod för representativ testning av kollisioner mellan motorcyklar och bilar.
Resultaten kommer att användas som grund för ytterligare tester (fysisk och numerisk simulering) som
kan undersöka de potentiella säkerhetsförbättringar som skyddskläder, säkerhetssystem i motorcykeln
och säkerhetssystem på bilen kan erbjuda.

Executive Summary
The purpose of the project was to design and carry out a crash test where a motorcycle with a driver
substitute (crash dummy) collided with a car.
A moving motorcycle to moving car test was conducted at Autoliv, Vårgårda, on the 10 February 2021.
Execution of the test was successful, and data were collected from the motorcycle, car and motorcycle
rider dummy.
The test demonstrates a method for representative testing of motorcycle-car collisions.
The results will be used as the basis for further tests (both physical and in numerical simulation) which
can investigate the potential safety improvements that protective clothing, safety systems in the
motorcycle and safety systems on the car could offer.
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I.

Introduction

Background
There is a long tradition of working with the protection of occupants in cars and pedestrians. For those
road users protective systems are available today. However, the protection of motorcyclists is a relatively
understudied area. The hypothesis behind this work is that there are modern solutions that can offer
better protection for motorcyclists in the event of a collision with cars.
Motorcyclists are extremely vulnerable in traffic, but the availability of effective protection for
motorcyclists is very limited today. There appears to be significant potential to develop new and also
improve existing protection. Beyond helmets, one can imagine other protection that the motorcyclist
wears as part of his attire but also protection that is on the motorcycle or on the outside of the car.

Project objective
The purpose of the project was to design and carry out a crash test where a motorcycle with a rider
substitute (crash dummy) collided with a car.
The goal of this initiative is to develop and validate a computer simulation model consisting of a
motorcycle model and a human body model positioned as a rider on the motorcycle.
The test data is intended to provide reassurance that the models represent expected behaviour in a
representative crash configuration. Evidence that has not been available until now.
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II.

Configurations of common crashes

Puthan et al. (2021) used the GIDAS, RASSI, and China In-Depth Accident Study (CIDAS) databases
to study Powered Two-Wheeler (PTW) collisions in Germany, India and China respectively. Seriously
injured PTW riders were identified, then the most frequent collision partners and general characteristics
of the collisions leading to those injuries were extracted.
For the German sample, Puthan et al. showed that collisions with a passenger car and single vehicle
falls to the ground were the most common primary events leading to serious injuries for the riders. These
two types of event accounted for 80% of the crashes with at least one seriously injured PTW rider
(Figure 1).

Figure 1: Distribution of PTW collision partner in crashes with at least one seriously
injured PTW rider, GIDAS data (Puthan et al., 2021)
Passenger cars were also frequent collision partners in India and China as well. This information
confirmed the importance of this project to investigate a motorcycle to car collision; however, further
insights were required from the collision data in order to define the collision configuration.
Looking into passenger car collisions, Puthan et al. also determined that collisions between the front of
the bike and the side of the car were common. Assuming similarities between the left side and the right
side of the car, then the front of the bike contacted the side of the car in 31% of cases (Table 1).

Table 1: Crash configuration cross-plot of the general area of damage (GAD) for the PTW and car in PTW-car
collisions in the GIDAS sample of data (Puthan et al., 2021)

GAD of Car

GAD of PTW

FRONT LEFT
FRONT
LEFT
RIGHT
BACK
NA

15.5%
7.6%
8.4%
3.4%
1.5%

RIGHT

16.9%
1.6%
6.8%
0.0%
1.6%

13.9%
4.9%
0.9%
0.6%
0.7%

BACK

11.4%
0.4%
3.1%
0.0%
0.2%

NA

0.0%
0.0%
0.0%
0.0%
0.0%

Cumulative travel speeds for the cases were used by Puthan et al. to determine that a representative
collision would involve the PTW travelling at 50 km/h making contact with a car travelling at 20 km/h.
The suitability of these cumulative values were confirmed through a bivariate analysis of the contacts
(Figure 2).
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Mean PTW speed: 52.2 km/h
Mean car speed: 20.7 km/h

Figure 2: Distribution of PTW and passenger car (PC) travel speeds in collisions leading to at least one serious
injury for the PTW rider, from the GIDAS, RASSI and CIDAS samples described by Puthan et al (2021)

In cases where the front of the PTW struck the side of the car, then the impact location was frequently
either to the forward engine compartment of to the central occupant compartment. It was less frequently
to the rear luggage space.
Also, there was a distribution of impact angles for the PTW relative to the car. A major group was within
± 45 degrees of purely lateral (70%) and within that group the biggest subgroup was the 28% occurring
with an impact orientation of 90° to the car ± 15°.
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III.

Test configuration

Based on the analysis of Puthan et al., (2021) and the determination of common attributes based on
real world PTW crash configurations, a decision was taken on the orientation to recreate in the laboratory
test. It was decided to run a motorcycle into the side of a moving car. As reported with the collision data,
a moving car is more common than a stationary car in the front of the bike to the side of the car
configuration.

Figure 3: Crash configuration selected for replication in the laboratory test

It is thought to be important to have a PTW contact with a moving collision partner as that relative motion
will create yaw in the PTW and a twisting of the handlebars. These features will influence the PTW and
rider motions and likely influence the design requirements for protective systems. The rider will not move
straight forwards over the centre of the handlebars and engagement of the rider’s legs with the
handlebars and PTW structures will be biased towards one side. This behaviour was confirmed through
simulation runs, where the differences between collisions with a stationary or moving target car were
explored. Exemplary images from simulations of a collision with the front wheel of a car are shown in
Figures 4 and 5.

Figure 5: Corresponding image from a simulation of
motorcycle to front wheel of a car test, with a moving
car

Figure 4: Image from a simulation of motorcycle to
front wheel of a car test, with a non-moving car
(at time = 100 ms)
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Compared with a front wheel load case, it was clear that it could be a worse case when the front of the
PTW struck the side of the car’s passenger compartment. This may not always be so, but again
simulations confirmed that for this combination of conditions, car and bike, a contact aligned close to
the B-pillar of the car would lead to the rider’s head hitting the roof rail of the car (Figure 6). This
alignment of PTW and car and the associated interaction of rider and vehicles could offer a target for
future safety countermeasures, to mitigate the severity of this loading. Therefore, the B-pillar contact
point was selected for use in the physical test.

Figure 6: Image taken from simulation of pure lateral collision of motorcycle and moving car with the primary
contact of the motorcycle’s front wheel aligned with the B-pillar of the car. The SAFER Human Body Model rider is
moving towards the car and the position at 100 ms after the vehicle contact shows an impending strike of the
head to the car’s roof rail.
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IV.

Test setup

Many of the detailed setup features for the crash test were based on the specification provided within
ISO 13232-2005. Attributes specific to this test are decribed in the following sections and are ordered
by test object.

Motorcycle
Initially, the motorcycle to be used in the test was an open topic. It could have been any powered-twowheeler representing the dynamic interaction with a car in common crash scenarios. Once the vehicle
was selected the project moved to develop the method for launching the cycle towards the crash point,
making certain of the data to be collected from the test and the instrumentation required.

Choice of motorbike
According to market data, motorcycles make up about two thirds of the powered-two-wheeler fleet in
Europe (ACEM) with mopeds being the other large category of PTWs. Reflecting the market data a
motorcycle, rather than moped or scooter was sought for this test.
In Europe, large sports bikes are common and the BMW R-GS range has been a leading seller for many
years. However, if sports bikes are common, then as a touring bike the GS is not a representative
candidate, it will have substantial differences in dynamic properties and riding posture.
Furthermore, to make this crash test relevant on a global basis, there was also a need to consider
motorcycles with a smaller capacity engine. Globally, bikes like the Honda CB 125 (and old CG 125)
and Yamaha YS or YZ 125 have been market leaders. For this reason previous research at Autoliv
established a finite element model of a Yamaha YS125. Given the relevance of this bike size and type
to the global markets, this was selected for the test.

Instrumentation
The bike was fitted with the following instrumentation (Table 2):
Table 2: Motorcycle instrumentation

Instrument

Purpose

Tape contact switch on
frame behind the front wheel

Related to the time of contact
between the front wheel and
car, this contact switch provides
the time when the front fork
deformation brings the wheel
into contact with the body of the
bike and engine.

String potentiometers (one
each side) from body of bike
to the bottom of the front
forks

To
provide
a
dynamic
measurement
of
the
displacement of the front forks,
one each side as the forks turn
during the event.
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Instrument

Purpose

Image

3 axis accelerometer + 3 x
angular rate sensors on bike
frame

Close
to
the
string
potentiometers, triaxial linear
accelerations
and
triaxial
angular
velocities
were
measured

3 axis accelerometer + 3 x
angular rate sensors on
body of bike under the seat

Additional triaxial accelerations
were measured under the seat
of the bike on the body to give
measurements related to the
major mass of the motorcycle
and on the opposite side of the
engine block from the sensors
underneath (and listed in the
table row above)

Accelerometers (one each
side) on the front forks

Single axis accelerometers
(measuring in the fore/aft
direction) were placed directly
onto the front forks to pick up
the initial crash pulse.

As well as the instrumentation used to acquire these data from the test, markers were also placed on
the motorcycle to aid tracking for motion analysis from the video footage (Figure 7).

Figure 7: Example image showing the markers on the motorcycle to facilitate video analysis
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Launching mechanism
The motorcycle was not directly linked to the test facility propulsion system, but indirectly accelerated
up to speed via a supporting frame. The frame had two supporting tubes in line with the axle through
the front wheel. It also provided stability for the rider under the arms and against the sides of the chest
(Figure 8). The front wheel supporting tubes rotated and released the bike prior to the crash point so
that the bike was clear of the frame and free-running momentarily before hitting the side of the car.

Figure 8: Rider and motorcycle within the frame used to accelerate and launch them to the crash point

Car
With a single crash test, the intention for the car is to provide a representation of a typical contact.
Already there is appreciation that passenger cars will vary in ways that influence the outcome for the
rider in PTW crashes, as examples:
•

the mass of the car will influence the acceleration pulse for the bike,

•

the height of the car will influence the contacts (or absence of contacts) between the body
regions of the rider and the car structures,

•

the profile of the car will influence the time of contacts and the separation available for in-crash
countermeasures to work within

•

the rigidity of the car structures will influence the severity of contacts
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Choice of car
Whilst recent car sales trends in Europe may have been diverging with a growth in popularity towards
small family cars and SUVs, medium and large family cars are still common in the vehicle fleet. Indeed,
the Toyota Corolla (a C-segment, medium-sized family car was the best selling car in the world in 2019).
To be most relevant after the test, the car model selected not only needed to be relevant from a vehicle
fleet perspective, but it also needed to offer an equivalent model for comparisons in a simulation
environment. Certain car models for use in crash simulations are available publicly through NHTSA (the
U.S. Department of Transportation’s National Highway Traffic Safety Administration, see
https://www.nhtsa.gov/crash-simulation-vehicle-models). The Honda Accord (Model Year 2011) is
available from that source and is a large family car. That model has been used within Autoliv previously
and was selected as being most suitable for this application.
Therefore, the Honda Accord from 2011 was selected as a compromise having the body of a typical
family car and a finite element model available for use in corresponding simulation efforts.
As noted in ISO 13232-6:2005, the Honda Accord is one of only a few car models sold under the same
name in Europe, Japan and the U.S. However, it became apparent that the European model from 2011
is not the same as the U.S. model from 2011 on which the finite element model is derived. The European
Accord is shorter (by 225 mm) and has a shorter wheelbase (by 94 mm). Nevertheless, due to the
difficulty in sourcing an eighth generation Honda Accord from the U.S. for the test and the already
existing compromise between matching a single model and representing the variety of car shapes in the
fleet, the decision was taken to proceed with an eighth generation european Honda Accord.

Instrumentation
The car was fitted with the following instrumentation (Table 3):
Table 3: Car instrumentation

Instrument

Purpose

3 x 3 axis accelerometers on
the B-pillar (1 each at the
top, middle and bottom) + 2 x
3 axis accelerometers on the
sill, one either side of the
B-pillar ± 100 mm around the
B-pillar position

To capture the acceleration for
the car around the area of
contact. The multiple impact
positions were used in case of
localised
loading
and
deformation, instead of the car
side moving as a complete rigid
unit

TRAFIKVERKET Skyltfonden – Motorcykel till bil krockprovning

Image

13

Instrument

Purpose

Image

3 x cross car string
potentiometers at the same
B-pillar positions (top,
middle and bottom)

To assess deformation of the
car structure with regard to the
stiff B-pillar section

3 axis accelerometer and 3 x
angular rate sensors in the
tunnel (close to the centre of
gravity)

To measure the acceleration
and rotational input for the car
as a unit

As well as the instrumentation, the car side was also scanned to provide a before and after assessment
of the deformation. At the time of writing, the post-test scan has not been completed, but Figure 9 shows
the pre-test data against which the deformations will be determined.

Figure 9: Pre-test profile scan of the external side surface of the car
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Additionally, markers were placed on the car (as in Figure 10) to aid motion analysis from the video
footage.

Figure 10: Example image showing markers on the car to facilitate video analysis

Launching mechanism
Once the decision had been taken to have a moving car, then practical elements had to be put in place
within the facility. At the indoor crash test facility there was limited room to accelerate the car to 20 km/h
(Figure 11). Equally, care was taken with the braking post crash.

Figure 11:Arrangment of test within the facility

The solution was to have the car elevated on a ramp (a schematic is shown in Figure 12, a picture of
the final implementation is shown in Figure 13) and released at a precise moment as the motorcycle
was on its way to the crash point. Experimentation with expendable objects led to refinement of the
ramp structure and the release time.

TRAFIKVERKET Skyltfonden – Motorcykel till bil krockprovning

15

Figure 12: Schematic of the design intention for launching a car into the path of the PTW

Figure 13: Test car at the top of the ramp in the pre-test position

TRAFIKVERKET Skyltfonden – Motorcykel till bil krockprovning

16

Rider
ISO 13232-3:2005 describes a Motorcyclist anthropometric impact dummy for use in research
evaluations of rider crash protective devices. However, for this test, a modified Hybrid III 50th percentile
frontal impact dummy was used.

Choice of rider
The motorcyclist anthropometric test device (sometimes referred to as the MATD) has never reached
widespread adoption as a test tool, it is expensive, support is available from the U.S. only, there are only
a few examples available worldwide and there is no finite element model of the dummy available.
Conversely, the 50th percentile male Hybrid III dummy has been defined for standard use since the
1980s (NHTSA, 1986). It is ubiquitous in crash test laboratories, manufactured by several companies
with worldwide support teams and backed up with validated finite element models in various codes.
Therefore, until such times as the Hybrid III is deemed to be unsatisfactory for motorcycle rider
applications, it makes sense to use it. Particularly for the purposes of this project, to gain data that can
support future developments in crash testing and replication of crash conditions in the simulation
environment; then the Hybrid III was the only choice.
However, before testing, the opportunity was taken to modify the Hybrid III in a couple of simple, but
important ways. According to well-established parts for this dummy,
1. The standing pelvis (pedestrian kit) was fitted to avoid a constrained sitting position of the hips
and pelvis flesh. It also gives a straight lumbar spine so that an erect rather than sitting or
slumped posture is adopted in the lower spine
2. The fixed knees of the pedestrian kit were used, to avoid sliding between the lower and upper
legs and an obvious weak point under severe loading
In addition, and taking a novel approach for a Powered-Two-Wheeler rider dummy:
1. The WorldSID head and neck were used to offer better fitment of the helmet on the head and
to take advantage of the improved neck biofidelity (of the WorldSID over the Hybrid III)
2. Three new rigid brackets were used in the sacrum, between the lumbar and the thorax and
between the thorax and the neck. These give a more neutral aignment of the lumbar spine and
neck in the rider’s sitting position, avoiding a lot of pre-strain on the flexible elements in the
dummy.

Setup of rider
The instructions in ISO 13232-6:2005 were followed to position the dummy on the motorcycle. A
repeatable position was found with the feet on the foot pegs, the knees close to the faring and the pelvis
about 50 mm away from the fuel tank.
The position of the upper body was dominated by having the hands on the handlebars, the wrist posture
and the ten degree flexion of the elbows. Based on those features of the setup, then the forward lean of
the thorax was around ten degrees and the face angle was just slightly down from vertical. The dummy
posture was stable and self-supporting (Figures 14 and 15 show the position from the side and front,
respectively). The launching frame supports were only to maintain the position during the acceleration
phase for the motorcycle.
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Figure 14: Side view of rider posture pre-test

Figure 15: Front view of rider posture pre-test

Wearables
As noticeable from Figures 14 and 15, the dummy was wearing thin clothing over the body as used in
conventional car occupant testing.
Motorcycle boots were fitted to the feet and the dummy wore a helmet (Airoh ST501, size: medium).

Instrumentation
The motorcycle rider was fitted with the following instrumentation (Table 4):
Table 4: Rider instrumentation

Region

Instruments

Head

3 axis linear accelerometers
3 x angular rate sensors

Helmet

3 axis linear accelerometers
3 x angular rate sensors

Upper neck

Load cell (measuring: 3 x forces and 3 x moments)

Chest

3 axis accelerometer
Potentiometer (to give chest deflection)

Lumbar spine

Load cell (measuring: 2 x forces and 1 moment)

Pelvis

3 axis accelerometer

Femurs

Load cell (measuring axial force, 1 each side)
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V.

Results

The motorcycle to car crash test was performed on Wednesday 10 February 2021. The following results
show how the test matched the intentions described in the previous sections.

Speeds
The pre-contact speed of the motorcycle was measured as 50.2 km/h and for the car it was 20 km/h.

Contact point
The impact point on the car was approximately 50 mm in front of B-pillar centre.

Kinematic observations
The first point of contact was around the B-pillar, on the front door of the car, but the subsequent motion
meant that most deformation of the car is concentrated on the rear door. An overview of the damage to
the car is shown in Figure 16. With the loading being applied rearward of the centre of gravity of the car,
then the yaw rotation of the car is towards the right (i.e. it is the back of the car which is pushed away
from the contact point). The extent of the lateral movement is more than had been estiamted in numerical
simulations prior to the test. That reveals useful information about the friction of the car tyres in the
laboratory facility, but also might reveal something about the dynamic behaviour and energy absorption
of the motorcycle.

Figure 16: Image showing the damage to the car
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Resting point
The post-test positions for the motorcycle the car and the motorcycle rider are shown in the following
three figures (Figure 17 for the motorcycle, Figure 18 for the car and Figure 19 for the rider). Although
as the vehicles and rider stayed close together, it is possible to see all three in each of the images.

Figure 17: Final resting position for the motorcycle after the test

Figure 18: Final resting position for the car after the test
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Figure 19: Final resting position for the motorcycle rider after the test

Vehicle behaviours
The front left fork of the motorcycle saw a peak acceleration of 143 g at about 10 ms after initial contact
of the front wheel with the car. It had been pushed rearwards by 128 mm by 25 ms and then rotated
forwards again. The right fork moved rearwards with a peak rearward displacement of 364 mm.
There are slight differences between the lower frame position and the body of the motorcycle. However,
the instrumentation suggests rotation of about 60° pitch, 90° roll and 110° yaw. These latter two values
make sense when considering the final resting position, with the motorcycle on its side.
A preliminary comparison of the motorcycle body acceleration in the fore/aft direction (taken at the lower
engine mounting position, shown in red, or upper body position, shown in pink) with a previous simulation
run, shown in black, is shown in Figure 20. The data from the test indicate a peak acceleration of 30 to
38 g occurring within the first 20 ms after contact with the car. After about 80 to 100 ms, the initial pulse
has returned close to 0 g. These physical test curves show a less severe pulse than from the simulation
and point towards the value of running the test and learning about the true behaviour of such a collision.
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Figure 20: Comparison of the motorcycle acceleration pulses with expectations based on a prior simulation run

As would be expected in the car (having a higher mass than the bike), the peak accleration close to the
centre of gravity was lower than the motorcycle body peak. For the car a maximum lateral acceleration
of 8 g was registered. Much higher peak lateral accelerations of the B-pillar were evident, rising to a
maximum of about 60 g. Although that value was transient in nature with a much lower level being
sustained throughout the event.

Peak deformation of the car’s B-pillar was between the middle and low measurment positions, but
amounted to 17 or 18 mm only.

Preliminary dummy outputs
Peak head acceleration occurred when the helmeted head of the dummy hit the roof rail of the car. This
contact occurred at almost exactly 100 ms after first contact of the motorcycle with the car (Figure 21).
The z-axis component of the head acceleration was largest and had a peak value of 68 g. The
preliminary HIC15 value from this test is 2079.

Figure 21: Time of peak head acceleration and close to the time of peak neck moments

Large forces at the upper neck of the dummy were also registered. The peak shear force was more than
3 kN. Peak force in the lumbar region was tensile and more than 4 kN (although there was also more
than 2.5 kN in compression, occurring 40 ms later than the peak in tension).
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The loading measured by the chest of the dummy in this event was not severe. Only 7 mm of chest
deflection was measured by the single point rod-potentiometer in the thorax of the dummy.
Whilst the peak resultant pelvis acceleration was only 33 g, there was substantial deformation of the
fuel tank of the motorcycle. A question remains over how much force is transferred via the femurs,
though the left femur load cell signal failed in the test. The bending of the fuel tank suggests loading
from the femurs and pelvis directly.

Figure 22: Deformation of the fuel tank
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VI.

Limitations

Off-board data acquisition
Despite a successful test with no data acquisition failures (other than the reliability of the femur force
signal, as mentioned above), there is always concern over the risk of data loss with trailing
instrumentation cables. Also, with the rider being ejected from the motorcycle, then there are concerns
over the potential influence of the instrumentation umbilicals on the kinematics of the rider. Whilst these
issues didn’t limit the value of this tests, in the next step with this PTW rider test tool a change to onboard,
in-dummy, data acquisition has been proposed and is now planned.

Channel failures
As noted in the Results, the pelvis of the dummy slid forward and loaded the fuel tank of the motorcycle.
It seems as though this motion has pinched the cable coming from the left femur load cell and given
unreliable femur forces after about 2 kN of compression (around 80 ms after the intital vehicle contact).
This limits the conclusions that can be drawn about axial loading to the femur. It also encourages
consideration of alternative cable routing if a similar test needs to be run again.

Next scenario
This test has set a valuable reference for this load case. However, we expect kinematics to be different
in other load cases, or even in this load case with different shapes of vehicles. Therefore, there is a
need to pursue further experimental data to support extrapolation of findings in simulation. This
represents a similar load case to just one of the seven configurations proposed for full-scale testing in
ISO 13232. Depending on the region of interest and the collision data priorities, another crash
configuration or set of vehicle types could be important to consider.
From an injury risk point of view, this configuration gives a direct head strike with high accelerations for
the rider and generates associated loading to the neck and lumbar which should be addressed with a
safety countermeasure. However, it does not generate a concerning level of loading to the thorax.
Therefore, to find the mechanisms of chest injury for PTW riders, there needs to be further investigation
of loading configurations. A mechanism other than was observed in this precise load case is responsible
for the real world chest injuries to PTW riders.

VII.

Conclusions

A successful crash test between a motorcycle with dummy rider and a passenger car was carried out
on the 10 February 2021. A tranche of data have been collected from the test.
The testing has established the capability to run such moving PTW to car collisions in this facility at
Autoliv, in Vårgårda. The test conditions were carefully selected to reflect a priority load case from the
real world collision data for crashes in which at least one PTW rider is seriously injured. Therefore the
facility is prepared for ongoing testing to explore safety measures which can help protect PTW riders.
The data from the test are now being compared with simulation data. Further activities will help to align
the simulation envirnoment to the physical and then extrapolate to explore safety product development.
Matching the behaviours observed in the physical test with those observed in comparative simulation
runs will give confidence that those safety developments are leading us in the correct direction and this
test enables that.
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Please also note that the CAE analysis and parameter study was completed at Autoliv and not Chalmers
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Table 5: Project costs

Description

Explanation

Planned (sek)

Final (sek)

Krockprov

Hire of crash facility and
personnel for 14 days

200 000

200 000

Analys timmar

80 x 850 sek/h

68 000

68 000 (>80 h)

Inköp fordon

Honda Accord

50 000

75 490

Inköp motorcykel

Yamaha YS125

40 000

14 510

Autoliv (not Chalmers)

100 000

100 000

458 000

458 000

CAE
analys
parameterstudie

och

Summa
(excluding 100 000 from
Folksam and Trafikverket)
Summa från skyltfonden
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