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1 INTRODUCTION

A HIT-Determination simulation is a computer simulation for determination of HIT over WAD in the DPPS vehicle model for deriving the test conditions for the assessment of deployable systems as specified in the Annex [1].
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1.1 General Requirements

The pedestrian Human Body Model (HBM) that is used for HIT-Determination simulations is the very same model that is qualified in Annex 2. All simulations (qualification and HIT-Determination) are performed with settings as described therein.



[bookmark: _bookmark0]



2 Procedure

2.1 Impact Simulations

The simulations shall be performed using the unchanged pedestrian model and simulation settings from Annex 2.
There are two kinds of numerical simulations:

	HIT Simulations on deployed DPPS
Simulations on the deployed DPPS to decide whether the physical head test on the deployable system can be done dynamically or statically.

	HIT Simulations on undeployed DPPS
Simulations on the undeployed DPPS to determine HIT (needed for dynamic test time triggering) and WAD values.

All control settings (including timestep) have to be consistent between the qualification and HIT determination simulations. The same also accounts for fracture modes in the HBM. If they are activated in the qualification, they have to be activated in the HIT determination too.

Pedestrian models shall be selected from the following statures, a six year old, 5th percentile female, 50th percentile male and 95th percentile male. The pedestrian position and stance to be used in the model is defined in Annex 2. The pedestrian model has to be positioned, such that the head CoG is aligned with the vehicle centreline. 

The vehicle model has to be positioned in the setup, such that the vehicle ground level is aligned with the ground level used in the qualification simulations.
As in Annex 2 the HBM should be exposed to a vertical acceleration field constituting the gravitational loading.

The initial speed of the vehicle model has to be prescribed and is [40] km/h for [all] simulations. The y and z motion of the car has to be constrained and the motion in x-direction must not be constrained.

2.2 Selection of HBMs

The simulations shall be performed with all pedestrian statures that result in head contact to the DPPS. If this is true for only one stature the simulation has to be done also with the next tallest HBM.


2.3 Output Requirements

It should be confirmed that the following outputs have been generated from each simulation:
Time history curves of:

· x and z coordinate of HC and AC in the global coordinate system
· x displacement of vehicle COG in the global coordinate system
· Resultant acceleration of HC
· Contact forces (between vehicle and HBM without upper extremities, vehicle and HBM head and total contact force)
· Total hourglass and internal energies of the total setup
· Mass increase, 
 all plotted every 0.1ms.

Furthermore, animations of the simulations should be generated with an output interval of 1ms.


2.4 Quality Checks

The following Quality Checks shall be performed:

· Contact force (between HBM and vehicle) is zero at simulation start.
· Total energy remains constant within a 15% tolerance.
· Hourglass energy ≤ 10% of the total energy.
· Artificial mass increase is less than 3%.


3 Documentation

3.1 General

The following information should be provided:

· Date of report
· Name of car manufacturer 
· Type and release version of software (FE-software package name, revision and version)
· Name and version of Human Body Model
· Specification of car

Images showing the front view and side view of the pedestrian, at t0 and at the time of head impact should be added to the report. 



3.2 Consistency with Qualification Simulations

For all simulations Table 1 should be filled in 

Table 1
	Checklist for simulation settings
	Consistent between Qualification and HIT determination Simulation?

	Identical Human Body Model
	Y/N

	Solver Version
	Y/N

	Timestep
	Y/N

	All other control settings
	Y/N




3.3 Quality Checks

For all simulations Table 2 should be filled in 

Table 2
	Verification evaluation criteria
	Allowed
	Observed
	Pass?

	Coefficient of friction between Vehicle and Human Body Model
	0.3
	
	Y/N

	Head centre of gravity is positioned at vehicle centreline
	Y=0 mm
	
	Y/N

	Contact force between HBM and vehicle at simulation start
	0
	
	Y/N

	Change in total energy throughout simulation
	≤15%
	
	Y/N

	Amount of hourglass energy relative to total energy
	≤10%
	
	Y/N

	Artificial mass increase relative to total mass of the setup
	≤3%
	
	Y/N




3.4 Calculation of Head Impact Time

Contact time is defined as the first timestep where the contact force is not 0 anymore.
The HBM Head Impact Time (HIT) is defined as the difference between contact time of the HBM (neglecting upper extremities) with the vehicle front and the contact time of the head to vehicle.

If this method is for any reason not applicable, an appropriate alternative method should be applied and documented.



3.5 Determination of WAD corresponding to HIT

For the determination of the wrap around distance (WAD) a point on the bonnet is necessary. This point is defined as follows (all coordinates in global system): 

At time of head contact with the bonnet compute the x-coordinate  of the WAD point by



where





and 
		 		x-coordinate
			x-component of velocity
				z-component of velocity
of head COG at head contact time 

and  is the vehicle speed.
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[For all simulations mark a point at x =  and y = 0 on the surface of the vehicle in the undeployed position.]

[For HIT simulations on the deployed DPPS mark a point at x =  and y = 0 on the surface of the vehicle in deployed position.
For HIT simulations on the undeployed DPPS mark a point at x =  and y = 0 on the surface of the vehicle in undeployed position.]

Compute the WAD for this point rounded the nearest full millimetre.

3.6 Results of HIT-Determination

For those HBMs that are selected according to 2.2 the computed HIT-Values and corresponding WADs have to be filled into the following tables:

Table 3 HIT Simulations on deployed DPPS

	HBM
	WAD [mm]
	HIT [ms]

	6YO
	
	

	AF05
	
	

	AM50
	
	

	AM95
	
	



Table 4 HIT Simulations on undeployed DPPS

	HBM
	WAD [mm]
	HIT [ms]

	6YO
	
	

	AF05
	
	

	AM50
	
	

	AM95
	
	





For each simulation, the following diagrams should be provided:

· ACx and HCx as a function of time
· ACz and HCz as a function of time
· HCz as a function of HCx and ACz as a function of ACx
· Total Contact Force between HBM and vehicle as a function of time
· Total, kinetic, internal and hourglass energy as a function of time




4 Evaluation

4.1 HIT Simulations on deployed DPPS


Based on the results of table 3 a graph shall be plotted [using a best fit straight line for comparison with TRT in the diagram as shown in Figure 1]. [If the values of the different HBMs result in a best fit straight line by an R² value greater or equal to 0.99, then this best fit line is used in the graph. If the R² is less than 0.99, the discrete points of the HBMs will be connected for HIT vs. TRT comparison.]
[image: ]
[bookmark: _bookmark18]Figure 1: WAD vs HIT
In this example
· Up to WAD 1390 tests are conducted dynamically
· From WAD 1390 tests are performed with bonnet in fully deployed position





4.2 HIT Simulations on undeployed DPPS


Based on the results of table 4 a graph shall be plotted [using a best fit straight line as shown in Figure 2]. [If the values of the different HBMs result in a best fit straight line by an R² value greater or equal to 0.99, then this best fit line is used in the graph. If the R² is less than 0.99, the discrete points of the HBMs will be connected.] [The lines have to be extrapolated in both directions.]
 
When a test point is selected, as the wrap around distance will be known, the equivalent head impact time can be obtained from the graph that will be used in the dynamic test set up.
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