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SUMMARY 
Using force sensitive resistors and a three-dimensionally 
instrumented Hybrid III headform, compliant and non-
compliant impact anvils were compared with respect to 
contact area, footprint area and their resulting dynamic impact 
response. It was determined that the headform engaged a 
smaller area of the non-compliant impact anvil, but had a 
larger peak portion. Impacts to the non-compliant surface also 
showed significantly higher dynamic impact responses. This 
information is important for injury reconstruction and 
advanced helmet assessment protocols. 
 
INTRODUCTION 
In helmet assessments and head injury reconstructions, linear 
impact protocols allow for a greater range of impacting masses 
and velocities than traditional gravity-driven standards. The 
striker used in such protocols must be defined with parameters 
that mimic realistic impact conditions, as it is predicted that 
the compliance of an impacting surface will be reflected in a 
headform’s dynamic impact response. In this experiment, 
impact footprint of a Hybrid III headform dropped onto two 
impact surfaces commonly used in traditional helmet 
assessment protocols was determined. This information is 
important to the development of appropriately characterized 
strikers for injury reconstructions and potential helmet safety 
standards using linear impact testing. 
 
METHODS 
Unhelmeted and unrestrained 50th percentile male Hybrid III 
headform drop impacts were assessed with flat, 60 Shore A, 
modular elastomer programmer (MEP) [1] and steel impact 
anvils. These two anvils represented compliant and non-
compliant impact surfaces. Force sensitive resistors (FSR), 
with a sensor density of 3.9 × 104 cells/m2 and equivalent cell-
intercell widths [2], secured directly to the impact surface of 
the anvils were used to determine the impact footprint for each 
drop. The FSR sensors were equilibrated using a variably 
inflatable chamber set to four incremental pressures and 
subsequently calibrated using a known load. Peak pressure and 
one standard deviation of the pressure data defined the 
footprint area for each impact. Additionally, total activated 
sensor area was defined as the contact area. Dynamic impact 
response data, namely peak resultant linear and angular 
accelerations, from the Hybrid III headform’s 3-2-2-2 linear 
accelerometer array [3] was correlated to the footprint and 
contact measures recorded by the FSR. 
 

Three drop heights and two impact sites were tested for both 
impact surfaces. The drop heights incrementally increased 
from 0.05 to 0.15m which resulted in impact velocities of 1.0, 
1.4, and 1.7m/s. The headform was impacted at the anterior 
intersection of the sagittal and absolute transverse planes, with 
a 21.6° forward tilt to ensure the headform’s vinyl nose did 
not contact the anvil prior to the forehead. The second impact 
site was at the right intersection of the frontal and absolute 
transverse planes. 
 
Results from the two impact anvils and impact sites were 
compared separately using analyses of variance with the 
variance from drop height pooled. Additionally, the effect of 
drop height was determined. The alpha value for statistical 
analysis was set to α = 0.05. 
 
RESULTS AND DISCUSSION 
Distinguished by impact site, tables 1 and 2 document the 
mean values for all of the dependent variables at each of the 
independent variable levels. All of the dependent variables 
increased significantly with drop height. Peak resultant linear 
accelerations of the Hybrid III headform were significantly 
higher when using a steel impact anvil at each of the drop 
heights. Similarly, peak resultant angular accelerations 
recorded from impacts onto the steel anvil were significantly 
higher than those onto the MEP surface. Figure 1 depicts the 
dynamic impact response data of the headform for individual 
front impact site trials at the 0.10m drop height.  
 

 
Figure 1: Resultant linear (solid) and angular (dotted) 
acceleration traces from the 0.10m drop height for the MEP 
(red) and steel (blue) impact anvils at the front impact site. 
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Contact area was significantly greater for impacts onto the 
MEP anvil when compared to the steel anvil across the 
independent variables of drop height and impact site. 
Conversely, footprint area defined by one standard deviation 
from the peak pressure was larger with the steel impact 
surface. None of the peak values recorded approached the 
levels associated with skull fracture of 3000 to 6200 kPa [4,5]. 
A graphical interpretation of the data from the force sensitive 
resistors for the same trials as Figure 1 is shown in Figure 2. 
 

 
Figure 2: Contact area represented in pressure gradients with 
impact footprint (pink) from 0.10m for the MEP (left) and 
steel (right) impact anvils at the front impact site. 
 
No significant differences were found between impact sites for 
linear acceleration or contact area. Footprint area was found to 
vary significantly between impact sites with the compliant 
impact surface, but not with the steel anvil. Angular 
acceleration was significantly different between impact sites. 
 

Linear acceleration was found to have a very strong 
correlation with footprint area across all levels of the 
independent variables. Contact area was correlated to both 
linear and angular accelerations when impact surfaces were 
distinguished. Angular acceleration was also correlated to 
footprint when front and side impact sites were considered 
separately. 
 
CONCLUSIONS 
It was determined that the surface force characteristics defined 
by the anvil compliance affected the dynamic impact response 
of the headform. The non-compliant impact surface resulted in 
smaller contact areas, but larger footprint areas. This indicated 
a more focal energy transfer with the steel anvil, which 
produced significantly higher linear and angular accelerations 
than the MEP anvil. These results are important to be 
considered when creating novel linear impact protocols for 
injury reconstruction and helmet assessment protocols. 
 
REFERENCES 
1. Cadex inc. MEP Pad Certificate of Conformity, CC00034, 

2006. 
2. Tekscan inc. Sensor Model/Map Number: 3200, 2007. 
3. Padgaonkar AJ, et al. Journal of Applied Mechanics. 42 

(3) 552-556, 1975. 
4. Bishop PJ, et al. Safety in Ice Hockey: 2nd edition. ASTM 

STP 1212, 175-182, 1993. 
5. Gurdjian ES. Impact Head Injury: Mechanistic, Clinical 

and Preventative Correlations, 1975.
  
Table 1: Mean internal and external Hybrid III headform measures from unhelmeted and unrestrained frontal drop impacts. 
 
 Impact Anvil 
 MEP Steel 
 Drop Height, m 
 0.05 0.10 0.15 0.05 0.10 0.15 
Linear Acceleration, g 32.1 51.4 69.9 42.4 79.1 112.3 
Angular Acceleration, rad/s2 1079 1801 2498 1692 3407 5115 
Contact Area, cm2 28.3 32.7 35.8 23.1 28.0 29.1 
Footprint Area, cm2 5.0 9.7 14.1 7.7 13.3 15.5 
 
Table 2: Mean internal and external Hybrid III headform measures from unhelmeted and unrestrained side drop impacts. 
 
 Impact Anvil 
 MEP Steel 
 Drop Height, m 
 0.05 0.10 0.15 0.05 0.10 0.15 
Linear Acceleration, g 29.5 47.9 65.5 37.2 68.7 96.1 
Angular Acceleration, rad/s2 2087 3662 5100 3116 6055 8881 
Contact Area, cm2 30.9 34.8 40.8 23.9 28.4 30.2 
Footprint Area, cm2 3.8 4.8 8.9 5.5 10.7 12.6 
 


