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Developments to more widely address real 
world accident scenarios
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Need for addressing new test methods

• EU15 accident statistics at start of APROSYS (2004)
– Over 8 500 VRUs killed each year
– That is over 21% of all road vehicle fatalities
– Injured VRUs in excess of an order of magnitude 

greater
– Impacts with the windscreen or windscreen frame 

typically account for ~30% of all injuries
– Head injuries most likely cause of death for 

pedestrians
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Need for addressing new test methods

• Two scenarios of greatest concern
– Head impacts 
– Leg impacts with high bumper vehicles
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Head impacts

• Consequences of current head impacts
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Head impacts

• In consumer (EuroNCAP) and legislative testing head 
injuries assessed by HIC values 
– based solely on linear acceleration characteristics

• Real world head injuries caused by linear AND 
rotational motions

• Human head is a two element structure
– skull
– brain

• Relative motion between the two from whatever 
cause can produce injuries
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Head impacts
• What are the differences are between a human model head/neck 

loadings compared to the current headform impactor?
– linear acceleration can be represented with the current headform

impactor 

– angular acceleration can not be realised

– a dependency exists between the head and the upper part of the body 
based on high forces and moments in the neck of human model
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comparison

5,9kg

4,8kg

With an additional mass connected eccentrically to the impactor it is possible to 
realise angular acceleration similar as for human

Head impacts
• An improved impactor should be able to represent angular acceleration 

as well as linear acceleration
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Head impacts

• Two new concepts were developed to suit different 
car front end geometries (and test parameters)

• Current adult headform used as a basis
• Representation of the neck

– Hybrid III neck
– stiff connection

• Parameters of the additional mass 
– displacement of mass
– eccentricity of the mass 
– additional weight.
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Head edge impacts
• Where active/deployable 

bonnet systems are used 
this exposes the rear and 
side edges of the bonnet 

• New assessment technique 
developed to assess the 
severity of edge contacts 
using force based criteria to 
investigate the highly 
localised loading of the skull
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Head edge impacts

• Hardware based on current adult headform
• Test bench adapted

• Impactor speeds based on simulations, up to 
24 km/h (6.67 m/s)
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Leg impacts
• Kinematics of the current legform

impactor is representative of human 
behaviour during impacts with most cars 
except those with high bumpers. 

• Virtual testing techniques employed to 
examine how more realistic behaviour 
can be achieved for EEVC legform 
impactor and the Flex PLI. 

• A mass as small as 6kg added to the top 
of impactors can provide the necessary 
constraint to correct the kinematics and 
allow a realistic assessment of leg and 
knee injuries

• Validatory test work currently in progress

UBM assembly with adjustable C.G. locations for the FlexPLI

Modification on the upper part of EEVC legform
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Cyclists – leg impacts
• Cyclists different to 

pedestrians due to the 
difference in centre of gravity 
heights, legs orientations and 
their higher relative speed 
with respect to the vehicle

• Cyclists’ leg loadings different 
to those of pedestrians’ legs -
knee bending moments can 
be in the reverse direction

• Potential for a different knee 
injury mechanism not 
addressed by the current 
pedestrian impactor tests 
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Cyclists – head impacts
• Cyclists’ heads are likely to strike 

the car further rearward than 
pedestrians’ heads

• Often beyond the 2100mm WAD 
limit, except SUVs, 

• Impact position more likely to be 
on the windscreen  

• Adjusted test procedures are 
necessary to evaluate cyclist 
safety during impacts with cars

• Head impactor speeds, head 
impactor angle and head impactor 
location
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Application of new test methods
• New test methods can examine levels of safety provided by cars 

during impacts with vulnerable road users
– on their own, or
– in a hybrid test procedure (a combination of virtual and practical 

testing)
• to compensate for the variation of vehicle front geometries
• to further examine injury consequences especially for the head 

head
HIC

New 
criteria

Injury risk curve for 
the 3 injury 
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Partners involved in NEW testing methods 

Test procedures for 
the new APROSYS 
test methods
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Conclusions
• The new head impact test methods, hardware developments 

and test procedures will improve the VRU safety performance of 
vehicle fronts

• The ability to more accurately assess lower leg and knee 
injuries for vehicles with high bumpers will offer the prospect of 
improvements in the design of these vehicles 

• Recognition of the different impact conditions of cyclists and the 
development of adjusted test procedures will directly improve 
the safety benefits for around one-third of vulnerable road users

• Integration of the new test methods with the current vehicle 
assessment procedures can enhance the safety benefits for 
vulnerable road users – as a first step by EuroNCAP and 
subsequently in European or worldwide legislation
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Thank you for your 
attention


