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Publishable summary 
 
This deliverable D711 is dedicated to dummy models to be used within SP2, SP3, SP4 or SP7 
activities. It provides a description and an evaluation in a simulation configuration as close as 
possible to the final SP needs (when possible) of the current dummy models. Except for the 
Hybrid rider, developed by SP7 for SP4 purposes, the task 711 is not meant to improve the 
models, but to understand whether the models may be used with reasonable extrapolations to 
scenarios for which they were not originally designed.  
 
In addition, as mentioned in the DIP, a MADYMO multibody model of a motorcyclist (MATD) was 
made available to some SP7 and SP4 partners. 
 
The first chapter presents the RADIOSS standing dummy model. This model is used for SP3 
activities (pedestrian impacts). 
 
The second section of this report describes the work performed into SP7 – WP1 (Virtual testing 
models) in order to transform the Hybrid III Radioss dummy into a standing motorcyclist dummy 
useful in sliding motorcyclist crash-testing. The selection of the Hybrid III dummy as base to the 
standing motorcyclist dummy was a requirement of SP4. To turn the Hybrid III dummy into a 
standing motorcyclist dummy, thereby making it useful in motorcyclist crash-testing, certain 
modifications were required. Modifications carried out were related not only to geometrical and 
physical changes but also the inclusion of helmet and suit of a motorcyclist. 
 
The last section presents a description of the THOR dummy model and its current evaluation in a 
frontal sled test configuration. 
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1 Standing Dummy model for pedestrian safety assess ment 
 

1.1 Introduction 

 
This section presents the standing dummy. The task 711 on this dummy is limited to provide 
some description and information since no validation data was made available within the whole 
IP. 
 

1.2 Model description 

 
The standing dummy is not a regulatory dummy but was developed outside the APROSYS 
project jointly by ALTAIR and CRF. It is based on a proposition and prototype announced by 
Chalmers University of Technology and Autoliv dummy [1] which was designed to have a good 
lateral flexibility and is constituted of existing dummy parts.  The initial request for the validation 
and updating of this model was formulated by SP3 partners who planned also to perform SP3 
experimental tests for comparisons.  
 
 
The RADIOSS model was then developed from other validated RADIOSS FE dummy models. 
 

            
Figure 1-1: Standing Dummy overview 

  
 
 
 

The model is about 11000 nodes and 14000 elements. Its total weight is 81.9 kg. 
 
The instrumentation of the model is listed below: 

 
Head accelerometer 
Upper rib accelerometer 

ax ay az 
ax ay az 

Knee properties of  
the EEVC legform 

Head and neck  
of EUROSID 

Thorax of  
USSID 

Pelvis of  
HYBRID II 

Lower limbs of  
HYBRID III 
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Upper rib_2 accelerometer 
Lower rib accelerometer 
Lower rib_2 accelerometer 
Thoracic spine T1 accelerometer 
Lower lumbar spine T12 accelerometer 
Lower lumbar spine T12_2 accelerometer 
Pelvis accelerometer 

ax ay az 

ax ay az 

ax ay az 

ax ay az 

ax ay az 

ax ay az 

ax ay az 
Chest spring Dx 
Femur right 
Femur left 
Upper tibia right 
Upper tibia left 
Lower tibia right 
Lower tibia left 

Fx Fy Fz - Mx My Mz 

Fx Fy Fz - Mx My Mz 

Fx Fy Fz - Mx My Mz 

Fx Fy Fz - Mx My Mz 

Fx Fy Fz - Mx My Mz 

Fx Fy Fz - Mx My Mz 
 
 

1.3 Model Validation 

 
The validation of the whole model is not possible since no data related to the testing of the full 
assembled dummy is available. A “validation” is then only possible at the component level since 
the dummy is based on components taken from existing – and validated – dummies.  
 

- EuroSid 
- USSID 
- Hybrid II 
- Hybrid III 

 
Note : Validation of these segments is confidential material and can not be disclosed freely. 

 
 

This dummy is used within APROSYS, and was provided for the use of SP3 (Pedestrians) 
subproject. Experimental work for validation is planned within SP3 (at Chalmers) but was not yet 
available at the time this report was submitted.  
 

     
Figure 1-2: Typical SP3 use of this dummy 

 
 
Additionally, this standing dummy is used in subproject SP2 to assess efficiency of some 
concepts designed for pedestrian protection against heavy vehicules » 
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2 Motorcyclist Dummy 

2.1  Introduction 

Currently, motorcycling is an important and popular mode of transport, but is also associated with 
a significant accident and casualty risk. In the last decades, it seems that there has been little 
significant improvement in the passive safety of the motorcycle. One of the more frequent and 
often fatal motorcyclist’ accidents are impacts against obstacles, and more specifically, impacts 
against road safety barriers [3], [4]. 
 

 

 

 
Figure 2-1: Motorcyclist against road infrastructur e accidents 

 
In following images of a real accident of a motorcycle against a road barrier is shown (sequence 
of images moves right and then down). At this accident, initially the motorcycle impacted against 
the road barrier, then the rider was ejected and impacted also against the post of the barrier. 
 

  

  

  

  

  
Figure 2-2: Real motorcycle accident 
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One of the objectives of APROSYS SP4 (Motorcycle accidents) activities is to reduce the 
mortality rate of motorcyclists by the development of forgiving road infrastructure behaviour. This 
work will be done mainly based on computer simulation technology and injuries of the 
motorcyclist have to be checked somehow. Thus, a standing dummy based on the Hybrid III 
dummy suitable for motorcycle safety modelling was requested to APROSYS SP7 (Virtual 
testing).  
 
This following section describes the work performed in SP7 – WP1 (Virtual testing models) in 
order to transform the Hybrid III Radioss dummy into a standing motorcyclist dummy useful in 
sliding motorcyclist crash-testing.  The original model was provided by MECALOG. The selection 
of the Hybrid III dummy as base to the standing motorcyclist dummy was a requirement of SP4. 
Modifications carried out are related not only to geometrical changes but also the inclusion of 
helmet and suit of a motorcyclist. 
 

2.2 Model description 

 
The standing motorcyclist dummy model was built using the RADIOSS Hybrid III 50th dummy 
model version 1.4 [2]. The use if this dummy was a requirement of SP4. The Hybrid III dummies 
are the most commonly used tests devices for assessing injury in front crash testing. The 50th 
percentile Hybrid III, representing an average of 50th percentile male occupant in mass and 
inertia, was the first developed and is the most frequently used dummy in the Hybrid III family. 
 
 As the Hybrid III dummy was developed for purposes other than motorcycle crash-testing, e.g. 
simulating restrained car occupants in frontal impacts, it has limited usage for assessing some of 
the main factors in motorcyclist crashes. In order to modify the Hybrid III dummy into a standing 
motorcyclist dummy and adapt it for the use of motorcyclist crash-testing, certain necessary 
modifications were required. 
 
The Hybrid III Radioss FE model represents accurately the actual physical Hybrid III dummy. 
Each segment is an assembly of different parts and includes in some cases, deformable as well 
as rigid parts. Spring elements are used in order to define deformable mechanisms. The finite 
elements Hybrid III model is composed of: 
 

·  6447 nodes 
·  3581 4-nodes elements and 22 3-nodes elements 
·  2146 solid elements 
·  30 springs and 20 trusses 
·  71 parts 

 

 

Figure 2-3: Hybrid III Radioss FE model 
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Full information of this dummy model can be found in the document Radioss finite element model 
of Hybrid III. 
 
Based on this dummy several modifications were performed in order to obtain a dummy model 
suitable for motorcycle safety modelling. After performing these modifications into the model, that 
will be described at following sections, the standing motorcyclist dummy is composed of: 
 
 

·  19161 nodes 
·  9577 4-nodes elements 
·  266 3-nodes elements 
·  8429 solid elements 
·  30 springs 
·  20 trusses 
·  87 parts (including the helmet and the suit of motorcyclist) 

 
 

 

 
4-nodes elements 

 

 
3-nodes elements 

 

 
Solid elements 

 

 

 
Springs 

Figure 2-4: Standing motorcyclist dummy – Types of elements 
 
 
As it can be seen, the number of parts is higher than in the case of the Hybrid III, this is because 
not only the current parts were modified but also new parts were included apart of the helmet and 
the suit of motorcyclist. The number of elements is also higher due to the insertion of some 
deformable parts that were rigid in the Hybrid III model. 
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2.3 Standing Motorcyclist Dummy - Model changes 

 
The purpose of this standing (or lying) motorcyclist model is to study the interaction between the 
motorcyclist and road safety barriers. Then, as the name shows itself, the first requirement is a 
standing dummy instead of a seating dummy.  
 

2.3.1 Pelvis modification 
 
The Hybrid III dummy reproduces the behaviour of a car occupant in case of frontal crashes. 
Thus, the position of this dummy is a seating position. The first step was to change the position of 
the dummy into a standing one.  
 
This process is not as easy as articulating legs. The shape of the pelvis does not allow rotations 
of the upper legs. Thus a geometry modification of the pelvis was needed. 
 
 

  

 

  

 
Hybrid III 

 

Standing dummy 

Figure 2-5: Pelvis 
 
 
Looking at the new pelvis, it can be seen in that hips are not included in the same part. Newly 
added parts were connected to the pelvis by joints that allows a relative movement between 
these parts. This removes the problem stated earlier. 
 
 

 

 

 

Figure 2-6: Hips of the Standing dummy 
 
 
Abdomen and pelvis bone were not modified. Only a soft tuning of the mesh of some parts was 
done in order to avoid penetrations. 
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Figure 2-7: Abdomen and pelvis bone 
 
 
Since the new pelvis including in the model has a different geometry compared to the original 
one, the chest vest had to be also lightly adapted.  
 
 

 
 

Hybrid III 

 

 
 

Standing dummy 

Figure 2-8: Chest best 
 
 
The spine was also modified. Due to the seating position of the original dummy, the spine is bent. 
To adopt the standing position the spine had to be set upright. 
 

 
 

Hybrid III 

 

 
 

Standing dummy 

Figure 2-9: Spine  
 
 

2.3.2 Standing position 
 
The position of the lower legs had to be transformed from the seating to the standing one. Thus, 
a rotation of them through the joint placed in the knee was done. 
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Figure 2-10: Lower legs rotation 
 
 
Then the upper part of the body was also rotated so that the standing position was achieved. 
 

  

Figure 2-11: Body rotation 
  
 
After rotating these parts, the behaviour of the joints had to be adapted in order to assure their 
right movement. The curve that defines the rotation at these joint in Y axle had to be modified 
taking into account the rotation performed. Some resulting curves can be seen following: 
 
 

Hybrid III  Standing dummy 

 

Left upper leg to 
pelvis joint 

 
 

 

Lower leg to upper 
leg joint 

 

Figure 2-12: Joint curves 
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2.3.3 New contacts definition 
 
Since new parts were included into the model replacing the original ones, the defined contacts 
between the different parts of the dummy model had to be checked and updated. Nevertheless, 
the Hybrid III dummy is used to reproduce frontal impacts, thus contacts were defined to avoid 
penetrations in this type of crashes. The standing dummy will be used in crashes against road 
infrastructures and in these cases, impact can occur in other directions such as lateral. 
Consequently new contacts had to be added to the model: left upper and lower legs against the 
right those, arms against the body, upper legs against hips, hips against pelvis, etc. 
 
All these contacts are type 7. This contact is used in Radioss to simulate the most general types 
of impacts. Each contact was defined two times (sysmetric contacts), swapping slave and master 
surfaces in each case to assure the correct detection of these contacts and to avoid penetrations. 
 

      
Legs contact 

      
Arm – Body contact 

Figure 2-13: Example of some contacts definition 
 
 
As it will be fully explained in following pages, the arms were replaced and a helmet and a suit of 
motorcyclist were included in the model. Thus, the required contacts were included in order to 
assure a right behaviour of all parts avoiding penetrations in case of impact.  
 
 Helmet model 
 
Since this dummy has to reproduce a motorcyclist, an important part to be included in the model 
is a motorcyclist helmet. Helmets, designed to prevent head injuries, are regarded as the most 
important element of personal protective equipment. 
 
 

                                                    

Figure 2-14: Helmet model 
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The helmet model was obtained from a validated Ls-Dyna helmet model of Cidaut. This model 
was translated into Radioss code by Altair and gave back to Cidaut in order to be included in the 
standing dummy model. 
 
This helmet is composed of different parts: 
 

·  A skin of shells covering all the surface of the helmet 
·  A padding of solid element that covers all the surface of the helmet 
·  A padding of solid elements that covers the cheek area of the head 
·  Internal skins that cover the padding of the cheek area 
·  A fastener to fix the helmet to the head 

 
 

 
Helmet skin 

 
Helmet padding 

 
Cheek padding 

 
Cheek padding skins 

 
Fastener 

 
Section view 

Figure 2-15: Helmet parts 
 
 
In the helmet model several contacts were defined between these different parts. New contacts to 
avoid penetrations between the internal parts of the helmet and the head were also defined. 
 
 

 
Internal contacts 

 
Helmet – Head contacts 

Figure 2-16: Example of Helmet contacts 
 

2.3.4 New arms definition 
 
Before performing any other modification into the dummy some simulations were done in order to 
check the behaviour of the dummy. The configuration was the following: 
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·  Concrete barrier 
·  Velocity = 60km/h 
·  Impact angle = 30º 

 

 

Figure 2-17: Simulation configuration 

 
 
This configuration was defined by SP4. After checking the simulation results, it was observed that 
the behaviour of the arms was not realistic. These parts were totally rigid, thus there were not 
deformations during the impact against the barrier. This led to unrealistic movement of the full 
dummy. 
 

  

Figure 2-18: Simulation results. Rigid arms 
 
 
New arms were built and meshed. These new arms are composed of: 
 

·  Upper arm foam 
·  Lower arm foam 
·  Upper/lower skin 
·  Rigid upper/lower bones 
·  Rigid hand 

 
 

 
Hybrid III 

 

 
Standing dummy 

Figure 2-19: Arms 
 
 
The material used to define the upper/lower arm foams was the viscoelastic foam material, 
usually used to reproduce dummy paddings in Radioss. Bones, skins and rigid hands were 
defined as elastic material.  
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Once the new arms were included into the model, the simulation of the last configuration was 
done. In this case the upper and lower arms were deformable so that part of the impact energy 
was absorbed but the presence of rigid bones made that arms are firm enough. 
 
 

  

Figure 2-20: Simulation results. Deformable arms 
 
 

2.3.5 Suit of motorcyclist 
 
Finally a motorcyclist suit was included into the standing dummy model. This suit is modelled by a 
group of skin-like shells that covers all the body of the dummy, from the neck down to the feet. 
Since there was no information available regarding leg protectors, shoulder, back, etc. it was 
decided to include this type of suit. The only aim of this suit is to allow sliding of the dummy and 
to maintain a connection between all parts that will be cover by a real suit of motorcyclist. 
 
 

    

Figure 2-21: Full motorcyclist dummy 
 
 
 

2.4 Simulations 

 
In order to check the behaviour of the full dummy in different scenarios where it will be employed 
(crash into road barriers), two configurations were proposed by SP4: 
 

·  Side impact (already showed above) 
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�  Concrete barrier 
�  Velocity = 60km/h 
�  Impact angle = 30º (see 

figure 22) 
 

Figure 2-22: Side impact configuration 
 

·  Frontal impact 
 

 

�  Concrete barrier 
�  Velocity = 60km/h 
�  Impact angle = 30º (see 

figure 23) 
 

Figure 2-23: Frontal impact configuration 
 
 
The SP4 cases were considered as the most representative scenarios and were selected based 
on literature review. All cases studies agree that defining an appropriate and precise test 
configurations is both complex and difficult to achieve, given the large number of possible crash 
scenarios. Nevertheless most of them recommend the scenarios showed above. 
 
The selection of a concrete barrier (New Jersey profile) was due to the unavailability of 
deformable barrier models at that moment. Moreover, it is better to check the behaviour of the 
dummy when there are not external variables (deformation of a barrier) that can have influence 
into the dummy behaviour. Since there are no test results of any impact scenario to compare, 
these scenarios were selected in order to check simple but at the same time severe scenarios.  
 
Sequences of crash evolution for both frontal and side scenarios are shown in following pages. 
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2.4.1 Side impact 
 
The sequence of images moves right and then down. 
 

2.4.1.1 General view 
 

  

  

  

  

  

Figure 2-24: Side impact – General view 
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2.4.1.2 Detail view  
 

  

  

  

  

Figure 2-25: Side impact – Detail view 
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2.4.2 Frontal impact 
 
The sequence of images moves right and then down. 
 

2.4.2.1 General view 
 

  

  

  

  

  

Figure 2-26: Frontal impact – General view 
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2.4.2.2 Detail view 
 

  

  

  

  

  

Figure 2-27: Frontal impact – Detail view 
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2.4.3 Comparison with a real case 
 
As it was explained above, there are no real test results of this type of scenarios available. Thus, 
it is not possible to perform a validation of this model for the moment. SP4 may indeed planify 
some research in this perspective. 
 
Cidaut had access to a real test of a Hybrid III 50th percentile dummy with kit pedestrian against a 
road barrier. Since this test was totally confidential only a video could be compared, no numerical 
results or any additional information regarding the barrier was available.  
 
This test was performed according to the frontal impact configuration (Figure 23) but although the 
barrier had the same shape as the concrete one used in the simulations, it was not totally rigid. 
Nevertheless, a comparison of the kinematics in both cases (simulation and test) can be done for 
the initial states of the crash.  
 
In order to make easier the comparison between test and simulation frames, the simulation ones 
were reflected so that images of both simulation and test had the same orientation. 
 
 

Step 1 

  

Step 2 

  

Step 3 

 
 

Step 4 
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Step 5 

  

Step 6 

 
 

Figure 2-28: Kinematics comparison (Simulation – Te st) 
 
 
Due to confidentiality issues, the images of the test were partly hidden so that they are not so 
clear. But it can be seen that kinematics of the standing dummy model is very similar to the tested 
one during the initial steps of impact (steps 1- 4). At this moment the barrier used in the test did 
not start to deform so that both cases, simulation and test configuration, can be consider as the 
same one. From this step, the test barrier started to deform and the dummy continued sliding in 
the floor until it was redirected back to the road by the barrier. On the other hand, since the 
barrier of the simulation is rigid, there is not deformation and the dummy can not continue sliding, 
instead, it is driven upwards (steps 5 -6). This movement is due to the shape of the concrete 
barrier. 
 
This comparison is not enough to assure that the standing dummy reproduces exactly right the 
behaviour of a motorcyclist impacting against a road barrier, but it can be used as based to 
analyse kinematics in different scenarios.   
 
 
Finally the FE model of the deformable barrier used in this test was allowed to be used. This 
model is confidential as well as the simulation and test results (injury values). Thus, it could be 
used only to compare the kinematics of the dummy. But in this case the test conditions were 
exactly the same. 
 

Step 1 

 

Step 2 
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Step 3 

 
 

Step 4 

  

Step 5 

 

 

Step 6 

  
Figure 2-29: Deformable barrier - Kinematics compar ison (Simulation – Test) 

 
 
 
As it can be seen in the pictures shown above, the kinematics of both dummies (simulation 
dummy and real dummy) is very similar. The most important effects in this type of impacts are the 
movement of the head and the neck. The behaviour of the neck and thus, of the head of the 
standing dummy is very close to the one shown by the real dummy during the test. There are 
some differences such as the movement of the arms.  The joints of the elbows of the FE model 
look more rigid than the ones of the real case. Nevertheless this fact (movements of the arms) is 
not taken into account in this type of impacts (motorcyclist against road barriers) according to the 
bibliography reviewed.  
 
 
 

2.5 Conclusions 

 
A standing dummy based on the Hybrid III dummy suitable for motorcycle safety modelling was 
requested by APROSYS SP4 (Motorcycles accidents) to APROSYS SP7 (Virtual testing). The 
objective of this report was to describe the work performed in order to provide SP4 with this 
standing dummy. 
 
To turn the Hybrid III dummy into a standing motorcyclist dummy, thereby making it useful in 
motorcyclist crash-testing, several modifications were required. Modifications carried out are 
summarized following: 
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·  Geometry modification of the pelvis 
·  Insertion of hips that connect the pelvis to the upper legs 
·  Modification of the spine 
·  Rotation of lower legs and upper body in order to get the standing position 
·  Updating of curves that define the behaviour of several joins 
·  Replacement of the rigid arms of the model by deformable ones (including bones) 
·  Re-meshing several parts in order to avoid initial penetrations 
·  Updating and definition of new contact according to the impact scenarios 
·  Insertion of the motorcyclist helmet 
·  Insertion of the suit of motorcyclist 

 
After these modifications, the standing model is ready to perform simulations of crashes of 
motorcyclist impacting against road safety barriers. 
 

 

Figure 2-30: Final standing dummy model 
 
 
Since there were no real test results of this type of scenarios available, it was not possible to 
perform a validation of the standing dummy model. Simulations of two scenarios proposed by 
SP4 were performed in order to check if the dummy model works in a proper way. After analysing 
these simulations it was concluded that the behaviour of the dummy was realistic, but comparison 
between test and simulation results was not possible. Only a comparison between simulation of 
the frontal case and a video of one test according to this configuration could be done. Since the 
scenario was not exactly the same (test barrier was not totally rigid) only the initial steps of impact 
could be compared. But, at least it was confirmed the conclusion that this standing dummy has 
realistic movements. 
 
Then, it must be taken into account that results obtained in further simulations to be performed 
with this dummy will allow to give guidelines of kinematics but not exactly right movements.  
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3 THOR Model Evaluation 
 

3.1 Introduction 

 
This chapter presents an evaluation of the THOR dummy model. The evaluation presented here 
was performed using RADIOSS THOR-a dummy (version 1.4) and experimental results obtained 
from the FID campaign performed at INRETS. The model is supposed to be used for the SP7 
activities. The purpose is to present the evaluation of the dummy, made using ADVISER 
evaluation module. 
 

3.2 THOR model 

 
The THOR dummy model (Thor-a, with LX legs) is shortly introduced hereafter. 
 
 

 
Figure 3-1 THOR model overview 

 
The THOR (Test Device for Human Occupant Restraint) dummy has been designed by the 
National Highway Traffic Safety Administration (NHTSA) in order to provide an advanced frontal 
crash test dummy that incorporates improved biofidelic features and significantly expanded 
instrumentation. 
 
The RADIOSS THOR-a dummy model was designed with objective to include biofidelic and 
instrumentation advanced feature of the THOR-a dummy model. In this context the Radioss 
THOR dummy model was based on an accurate description in model definition of all components 
of the physical dummy by the use of THOR CAD database delivered by NHTSA. 

THOR-a model contains all sensors included in physical dummy especially with deflection 
systems for soft tissues deformation measurements (DGSP and CRUX systems). 
 
The total instrumentation of the FE model is made of 74 channels.  65 are related to the standard 
THOR instrumentation: 
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- Head : 10 channels 
- Face: 5 channels 
- Neck: 15 channels 
- Thorax: 15 channels 
- Abdomen: 7 channels 
- Spine: 1 channel 
- Pelvis: 8 channels 
- Shoulder: 4 channels 

 
And 9 are specific channels:           
 

- Spine : 3 channels 
- Sternum: 2 channels 
- Rib: 4 channels 

 
The next picture localizes those channels. 
 

 
Figure 3-2 THOR instrumentation 

3.3 Experimental Tests 

 
The FID tests are a series of sled tests (3 repetitions) in two configurations. In this report we 
focus on the configuration “velocity 30 km/h, no airbag”. 
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Figure 3-3  Experimental setup 
 
 

Typical pulse imposed to this sled configuration is shown below in gray: 
 

 
Figure 3-4 Sled Pulse 

 

For the sled tests, the standard Thor-a dummy instrumentation available is: 

 
·  HEAD 

o Uni-axial Acceleration Vertex - X and Y-axis  
o Uni-axial Acceleration Temporal - X and Z-axis  
o Uni-axial Acceleration Occipital - Y and Z-axis  

 
·  FACE 

o Left and right eye uni-axial load cells 
o Left and right cheek uni-axial load cells 
o Chin uni-axial load cell 
 

·  NECK 
o Upper Neck Force - X, Y and Z axis  
o Upper Neck Moment - X, Y and Z-axis 
o Lower Neck Force - X, Y and Z-axis  
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o Lower Neck Moment - X, Y and Z-axis 
o Front Spring Compression  
o Rear Spring Compression  
o Head Occipital Rotation - Y-axis 
 

·  SPINE 
o Thoracic Force - X, Y and Z axis  
o Thoracic Moment - X and Y-axis  
 
 

·  THORAX 
o CRUX Upper Left Base Rotation  
o CRUX Upper Left Mid Rotation  
o CRUX Upper Left Elbow Rotation  
o CRUX Upper Right Base Rotation  
o CRUX Upper Right Mid Rotation  
o CRUX Upper Right Elbow Rotation  
o CRUX Lower Left Base Rotation  
o CRUX Lower Left Mid Rotation  
o CUX Lower Left Elbow Rotation  
o CRUX Lower Right Base Rotation  
o CRUX Lower Right Mid Rotation  
o CRUX Lower Right Elbow Rotation  
 

·  UPPER ABDOMEN 

o Displacement - X axis  

·  LOWER ABDOMEN 
o DGSP Left Displacement  
o DGSP Left Yaw  
o DGSP Left Pitch  
o DGSP Right Displacement  
o DGSP Right Yaw  
o DGSP Right Pitch  
o  

·  PELVIS 
o Iliac forces  
o Acetabular Left Force - X, Y and Z axis  
o Acetabular Right Force - X, Y and Z axis 

 
In the FID project, where the objective was to compare the results obtained with cadavers and the 
results obtained with the dummies, specific instrumentation were mounted on the dummies. 
 
The Thor-a instrumentation included the same tri-axial or mono-axial accelerometers as for the 
cadavers. The sensors were mounted on: 
 

·  The upper spine near T1, (Tri-axis) 
·  The chest centre of gravity (corresponding to T8), (Tri-axis) 
·  The T12 vertebra and at the pelvis centre of gravity, (Tri-axis), 
·  The upper sternum (Tri-axis), 
·  The lower sternum (Tri-axis), 
·  The 4th ribs left and right (mono-axis), 
·  The 6th ribs left and right (mono-axis), 
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Figure 3-5 Position of the accelerometers on the Th or dummy 
 
 

3.4 Model evaluation 

 
In this section, the results of the simulation are compared with the experimental data. 
 
 

    
 

Figure 3-6  Sled and model 
 

 
To perform this evaluation, an ADVISER table has been built.  The table consists of 3 lines (sled 
device instruments, standard Thor dummy instruments and specific Thor dummy instruments) 
and 67 columns covering all the signals analyzed during the test campaign. 
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Figure 3-7  ADVISER Table 

 
 

For each element, experimental and numerical (simulation) signal are analyzed. 
 

3.4.1 Model Animations 
 
Images presented below show the dummy (in front, top and side views) during the simulation. 

 
               25ms                             50ms                            75ms                           100ms 
 

 
             125ms               150ms               175ms              200ms 

3 Instrumentations 67 signals to analyze  
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    25ms     50ms 
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125ms     150ms 
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    25ms     50ms 

 

 
75ms     100ms 

 
 

 
125ms     150ms 

 

 
175ms     200ms 

 
 

3.4.2 Model results 
 
Images below show comparisons of model results (in blue) with experimental data (in black). 

 

 
     Head resultant acceleration (at center of gravity)                      Upper neck force 
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                           Head X acceleration                                             Head Y acceleration  

(measured on left side accelerometer) 
 
 

 
                        Head Y acceleration                                          Head Z acceleration  

(measured on head rear accelerometer)   
 
 

 
                         Head X acceleration                                             Head Y acceleration  

(measured on head upper accelerometer) 
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                      Pelvic resultant acceleration                                   T12 Accelereation 

 
 

 
                            T1 acceleration                                                  T8 acceleration 

 
 
 

 
   Lap belt force      Shoulder belt force 

 

 
   Seat load 
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In the ADVISER table, criteria were defined to quantify the degree of correlation between 
experiments and simulation (see Annex 1 for details). An overall rating of 57.62 % is obtained.    
 

·  The sled related channels have a score of 82.94 %. 
·  THOR dummy standard channels rating is 52.5 % 
·  Specific THOR channels rating is 37.42 % 

 
The simulation was performed with a pre-release of the dummy model. In addition, some 
refinements in the sled model setup may help to increase this score, although it is not the goal of 
this study. 
 

 
 

Figure 3-8  ADVISER Global Rating 
 
 
Sled channels include: 
Thorax belt load, lap belt load, seat load, left foot load, right foot load 
 
Specific THOR channels include: 
T8 vertebra acceleration, T12 vertebra acceleration, T1 vertebra acceleration, sternum upper 
acceleration, 4th rib left acceleration, 6th rib left acceleration, 4th rib right acceleration, 6th rib right 
acceleration, left acromion acceleration, right acromion acceleration, lower left arm acceleration, 
lower right arm acceleration. 
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5 Conclusions 
 
This deliverable D711 provides information on three dummy models planned to be used in other 
SPs  (SP2, SP3, SP4)  as well as SP7. 
 
The standing dummy is described, but without validation data produced within the IP, no 
validation could be performed. It may yet be used for SP2 and SP3 purposes. 
 
The new Hybrid III rider dummy is developed for SP4 as a standing model dedicated to simulation 
of impacts against road infrastructures. 
 
The last chapter presents the THOR dummy model in its current (under constant improvement) 
status and compares its results with sled test experiments. It may be used for SP7 planned work. 
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6 Annex 1: THOR ADVISER Evaluation table 
 
To evaluate the correlation between simulation and experiment, an ADVISER table is used. Each 
channel is then rated. 
 
The rating was made using the ~mod operator which is taking into account many characteristics 
of the signals, such as: 

·  Global reslus (max, min) 
·  Time results (instant of max, min) 
·  Shape (peaks, slopes) 
·  Cross-correlation 

The operator is described in ADVISER’s user guide. 
 
Below is given an extract of the content of the ADVISER table used for the THOR dummy model 
evaluations. 
 
 
Belt forces 
 

fileth[g=Curves_Exp/FID_51/Belt/fid51_63_thoracic_b elt_leftupper_F_kN.lst] 
ascale[g,1000] 
assign[@Exp=g(0,200,500)] 
plot2d[@Exp,101,Exp,Thoracic_Belt_Load_kN_FID51] 
fileth[a=Curves_Sim/FID_51/Belt/sled51_063_thoracic _belt_F_kN.lst] 
param[2,1000,60] 
filter[b=~butfrq(a)] 
assign[@Sim=b(0,200,500)] 
plot2d[@Sim,101,Sim,Thoracic_Belt_Load_kN_FID51] 
ascale[@Exp,0.001] 
ascale[@Sim,0.001] 
param[8,50,15,40,0,0,2,1,1] 
advise[z=~mod(@Exp,@Sim)] 
fvalue[~ord(z=31)] 

 
HIC value 
 

fileth[g=Curves_Exp/FID_51/Head/fid51_017_head_uppe r_acceleration_Ax_g.lst] 
ascale[g,1000] 
assign[@Exp=g(0,200,500)] 
plot2d[@Exp,107,Exp,Head_Upper_Acceleration_Ax_g_FI D51] 
fileth[a=Curves_Sim/FID_51/Head/sled51_017_head_upp er_acceleration_Ax_m-
s2.lst] 
param[2,1000,60] 
filter[b=~butfrq(a)] 
oscale[b,101.936799185] 
assign[@Sim=b(0,200,500)] 
plot2d[@Sim,107,Sim,Head_Upper_Acceleration_Ax_g_FI D51] 
copy2d[107] 
ascale[@Exp,0.001] 
ascale[@Sim,0.001] 
param[8,50,15,40,0,0,2,1,1] 
advise[z=~mod(@Exp,@Sim)] 
fvalue[~ord(z=31)] 

 
 


