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o Test setup 

Setup as in ULF-certification procedure: 
  
impact angle = 0° (horizontal) 
certification tube length = 275 mm 
tube diameter = 150 mm 
tube mass =  3.0 kg 
impact location at center of ULF and tube 
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Toyota-ULF                                                      Concept (TRL)-ULF                                                                      

 

 

 

 

 

 

 

 

Min. Toyota ULF-mass = 3.808 kg                    Min. ULF-mass = 5.664 kg 

 (incl. foam, screws,..)                                      (incl. foam, screws,..) 

 

                            Mass of linear guiding system = 3.476 kg 

 

Min. tot. mass with Toyota ULF= 7.284 kg       Min. tot. mass ULF = 9.500 kg  
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o Impactors 
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o Boundary conditions / Test configurations 

Rem.1: the total mass of 

ULF + guiding system 

could not be reduced to 

this value! 

7.284 

Rem.2: the lowest total 

mass of ULF + guiding 

system has been used! 

Rem.3: the 450 J 

condition has been 

included for the lowest 

mass!  4 data points 

for each energy 

Tests with 

Concept/TRL-ULF 

Tests with 

Toyota-ULF 
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o Correlating Toyota-ULF and “normal”-ULF  

Background:  
The aim of this study is to find scaling factors for signal maxima obtained with the 
“normal” ULF-impactor, to extrapolate maximum signal values that would be obtained 
with a much lighter impactor for different kinetic energies 
 
 Problem: 
The lighter (Toyota) impactor  is made from different materials (titanium), leading to different mass 
distribution within the impactor (in front of / behind the load cells) and different bending stiffness (as 
can be seen in DMS-signals) 
 
 Solution: 
Correlation of signal-maxima between both impactor types for 100, 300 and 450 Joule and for 
different weights 
 
 Results of correlation tests:  
Correction factors for the signal-maxima-heights obtained with the Toyota-ULF, to allow a 
direct comparison with the standard (TRL) ULF signal maxima 
 
Rem.:  
- The central DMS torque signal scales differently than the upper and lower ones!  
 Different scale factors have been considered for signal correlation of Mc and Mu/l! 
 
- Due to a different mass distribution, the load cells of the Toyota ULF give higher values, even if 
the total weight is matched with the normal ULF! 
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o Correlating Toyota-ULF and Concept/TRL-ULF  

force 

torque 

Toyota-ULF 

CC/TRL-ULF 
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o Results – signals @ 100 Joule 
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o Results – signals @ 200 Joule 

central DMS 

 

  upper/lower DMS 
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o Results – signals @ 300 Joule 
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o Results – signals @ 400 Joule 

Rem.: At 400 Joule, the continuous increase of the signals, towards higher 

impact-velocities, or lower ULF-masses, seems to be interrupted (see 

dashed circles)! 
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o Results – signals @ 450 Joule 

Rem.: At energies >=400 Joule, the continuous increase of the signals, 

towards higher impact-velocities, or lower ULF-masses, seems to be 

interrupted (see dashed circles)! 
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o Results – signal-max. vs. energy (mass=const.) 

Rem.: At energies >=400 Joule, the continuous increase of the signals, 

towards higher impact-velocities, or lower ULF-masses, seems to be 

interrupted (see dashed circles)! 
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o Results – signal-max. vs. mass (energy=const.) 

Rem.: The correlation 

between the signal maxima 

and impactor-mass is 

(i) nonlinear and  

(ii) shows different 

characteristics at 

different energies!  

 

  Due to the observed 

nonlinearity and the 

small number of data, 

an extrapolation of the 

signal values for lower 

ULF-masses implies 

large errors! 
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o Results – signal-max. vs. mass (energy=const.) 
 Due to the observed 

nonlinearity and the small 

number of data, an 

extrapolation of the signal 

values for lower ULF-

masses implies large 

errors! 

 

 For energies >400 Joule, 

an additional deviation 

occurs for higher masses 

(orange circles)!  
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o Conclusion - I 

- It has been observed, that the force/torque-signal-maxima show a 

nonlinear characteristics as function of energy and impactor mass. 

 

- The limited number of tests did not allow to determine the reasons for the 

observed deviations at higher impactor masses and energies (>11 kg, >400 

Joule). 

 

- Due to the different materials used in the Toyota-ULF, the signals can not be 

compared directly. The correlation procedure is based on very few data, 

leading to rather large uncertainties in the corrected Toyota-ULF signal 

heights. 
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o Conclusion - II 

- As can be seen in the figures on the previous slides, the conversion of 

signal heights from one configuration to another, can not be done by 

linear extrapolation, e.g. by simple conversion factors and therefore is 

afflicted with large errors. 

 

- One possible solution would be to determine a nonlinear 2D-best-fit 

surface for each sensor-signal (central torque, upper/lower torque, 

bottom/top force), but this should be based on more experimental 

data (see Appendix-III)! Nevertheless an extrapolation to impactor weights 

as low as 5 kg would still be only rough approximations. 

 

- Another approach would be to perform FE-simulations of the present 

experimental setup. In this case, the minimum weight of the linear guiding 

system would not restrict the possible test configurations and the 5.0 kg 

signals could be determined virtually. The current set of data could be used 

as basis for a validation of the FE-impactor model. 
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o Appendix – I       “Test-Data-Overview” 
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o Appendix – II    “Overview of corrected signal maxima” 
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o Appendix – III       “signal maxima 3D-plots” 



These slides are intellectual property of Concept Tech GmbH./Microsys Technologies Inc.  Every copy, usage or hand over to third parties is forbidden except with written permission from Concept Tech GmbH /Microsys Technologies Inc. 

Safety Test Equipment 

Engineering & Testing 


