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I�TRODUCTIO� 
The use of computational models when performing trauma 

biomechanics simulations has obvious experimental, 

ethical and economical benefits.  As the automotive 

industry strives to improve pedestrian and occupant safety, 

accurate biofidelic computational models exist for high 

mass, low velocity impacts [1].  However, the 

effectiveness of these software packages to model non-

penetrating high velocity, low mass impacts – such as a 

rubber bullet or fragmented masonary – remains unclear. 

 

Reliance upon biofidelic mathematical, biomechanical or 

computational modelling requires an accurate 

representation of the soft tissue response.  Response 

corridors for high velocity, low mass impacts to the 

sternum have previously been reported following blunt 

ballistic impacts of a non-deformable cylinder (37 mm 

diameter) into the centre of cadaveric sternums (directly 

anterior to the 8
th
 thoracic vertebrae), following three 

experimental protocols (0.14kg, 20m/s; 0.14kg, 40m/s; 

0.03kg, 60m/s) [2, 3]. Presented as a force-deflection 

thoracic response, the soft tissue response differed from 

that of higher mass impacts at lower velocities. 

The MAthematical DYnamics MOdelling (MADYMO) 

software package (TNO Automotive Safety Solutions; 

Delft, The Netherlands) is utilised to predict injury scores 

of biomechanical simulations.  Variation in cadaveric 

tissue response [2] however, currently limits the use of the 

MADYMO models from simulating non-penetrating high 

velocity, low mass impacts.  Subsequently, this study 

investigated whether the valid range of the MADYMO 

human body model includes high velocity, low mass, small 

diameter impacts and thus expands the possible 

applications of the software. 

 

METHODS 
This study investigated the accuracy of MADYMO in 

simulating high velocity, low mass impacts through 

comparison with experimental data [2].  Subsequently, the 

experimental methodology adopted by Bir et al. [2] was 

repeated in this computational investigation. Three 

different MADYMO human body models were available 

for investigation:   

 

• The Pedestrian human body model: used when 

investigations require simulation of side impacts.    

• The Finite Element (FE) human body model: used 

when investigations require simulation of soft 

tissue deformation. 

• The Facet human body model: used when 

investigations require simulation of thoracic and 

abdomen impacts, due to their superior biofidelity 

and extensive validation. 

 

 

The facet human body model was deemed the most 

appropriate model for use in this study.  The facet model 

consists of 92 components, each comprising an internal 

structure of ellipsoids, with a meshed outer surface of 

mass-less shell elements (facet surfaces).  These provide a 

more accurate representation of the human body than the 

external ellipsoids used in the inferior models.  Specialised 

contacts allow three-dimensional deformation of the thorax 

and abdomen for accurate impact simulation, with the skin 

deformation determined by stress-based contacts. 

 

Blunt impact scenarios were simulated in MADYMO, 

using the 50
th
 percentile male facet human body model.  

Non-deformable cylinders measuring 37mm diameter were 

constructed as simple shell structures using Altair 

HyperMesh® (a dedicated meshing tool).  The cylinders 

were positioned to impact the centre of the sternum (of the 

facet human body model) in line with the 8
th
 thoracic 

vertebrae.  Three impact scenarios of Bir et al. [2] were 

modelled (Table 1), recording the linear displacement and 

acceleration at the distal end of the cylinder.  By 

multiplying the acceleration with the cylinder mass, force-

deflection plots were reported to allow for direct 

comparison to previously published response corridors [2]. 

 

Table 1: Impact scenarios modelled in MADYMO 

Impact 

scenario 

Length/mm Mass/kg Impact 

velocity/mm/s 

A 100 0.14 20 

B 100 0.14 40 

C 28.5 0.03 60 

 

RESULTS A�D DISCUSSIO� 
The linear acceleration and displacement of the cylindrical 

impactor was recorded for the 3 investigations (Table 1).  

The force-deflection plot for each investigation is 

presented in Figures 1 - 3 respectively, with direct 

comparison enabled by overlaying the cadaveric response 

corridors [2]. 

 

The 50
th
 percentile MADYMO facet human body model 

was used to simulate previous experimental investigation 

with regard to impact velocity, mass, and location [2].  To 

ensure a consistent approach in determining the success of 

the results in comparison to the cadaveric test, 

consideration was given to the previous validation of the 

model’s thoracic response to low velocity, high mass 

impacts.  This data was compared against the cadaveric 

data [1, 3], with correlation comparable to previous 

validated studies [4].  Minor variations in the 

computational and experimental datasets were explained 

by the small number of cadaveric tests used for 

comparison [4] and hence this factor is considered during 
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validation of the current MADYMO facet human body 

simulations. 

 

 
Figure 1: Force-deflection plot for scenario A 

 
Figure 2: Force-deflection plot for scenario B 

 
Figure 3: Force-deflection plot for scenario C 

 

Considering impact A (0.14kg, 20m/s), the majority of the 

computational dataset is within the experimental response 

corridors (Figure 1).  The computational peak force 

approximates the mean value within the experimental 

response corridor, whilst the maximum deflection of the 

simulated cylinder is approaching the outer corridor of the 

cadaveric dataset.  The human body facet model can 

therefore, be considered validated for impact A.   

 

The results of impact B (0.14kg, 40m/s) had comparatively 

reduced correlation when considered alongside the 

corresponding experimental dataset (Figure 2).  The trend 

of the computational dataset was similar however, with the 

majority of the results lying within the thoracic 

experimental response corridors [4].  This limited 

correlation was similar to that observed when comparing 

the force-deflection curve of the ribs to published [3] 

during low velocity, high mass impacts [4].  The human 

body facet model therefore, can also be considered 

validated for impact B.  The computational response 

following the impact C simulation (0.03 kg, 60m/s) does 

not follow the trend nor fall within the corridor of the 

experimental dataset (Figure 3), and hence cannot be 

considered validated. 

 

The advanced design of the facet human body model 

provides a high level of biofidelity, which validates well 

with a comprehensive range of blunt impact cadaver data 

to the thorax and abdomen.  Problems associated with 

comparing response results to corridors defined by a small 

number of cadaver tests have previously been reported [4]; 

however these results were analysed with reference to 

previous MADYMO validations.  

 

The current study validates the possible application of the 

MADYMO facet human body model for low mass thoracic 

impacts up to 40m/s.  Whilst currently limited to only 

small diameter impacts, the use of this simulation package 

could be expanded to include the designing and assessment 

of personal protective equipment for use against ballistics 

or non-lethal weapons, or perhaps for use in injury risk 

analysis against fragments projected at high velocity due to 

civil, military or terrorist explosions.  In addition, other 

civilian applications may include investigating impact 

from common sports projectiles (baseballs, hockey pucks 

etc) and the effectiveness of protective sports clothing.   

 

As further high velocity cadaver source data becomes 

available, the range of MADYMO applications could be 

re-assessed to enable simulation of higher velocity impacts 

(i.e. >40m/s) associated with some non-lethal munitions 

(50 - 137 m/s) [2]. 

 

CO�CLUSIO�S 
This study has investigated the validity of MADYMO 

computational software for modelling non-penetrating 

high velocity, low mass, small diameter thoracic impacts.  

By using the MADYMO 50
th
 percentile male facet human 

body, three test conditions were simulated using non-

deformable cylinders positioned to impact the centre of the 

sternum, in line with the 8
th
 thoracic vertebrae.  By 

comparison with previous cadaveric response corridors 

[2], the MADYMO model was successfully validated for 

impacts up to 40m/s.  It is suggested that, as more 

experimental data becomes available, the mechanical 

properties of the MADYMO thorax could be modified to 

improve the mechanical response and provide valid results 

> 40 m/s, whilst maintaining the current biofidelity.   
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