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Report

for matching parameters of compressed brittle Lennard-Jones polycrystal to physical parameters

Interparticle Force

Modified Lennard-Jones Potential with taking brittleness into account was used. Derived force was compressed to satisfy the ultimate strain value.
Adjusting Material Parameters

Grain size, Young modulus and wave speed are the scaling parameters.

Porosity, specimen size, ultimate strain can be controlled through initial pressure, initial porosity, number of particles, interparticle force compactness, brittleness parameter.

Poissons ratio and critical stress can be calculated, but cannot be changed.
All parameters are adjusted or calculated during the next 3 tests.
Polycrystal Preparation
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Polycrystal preparation steps (not the whole specimen is shown)

Algorithm for polycrystal preparation was proposed and successfully used: 

1. Heat porous Lennard-Jones monocrystal

2. Wait until it cools
3. Gradually increase brittleness and force compactness

4. Gradually apply pressure

5. Gradually release pressure
Prepared polycrystal after step 5:
Number of particles (defined) = 44620
Interparticle force compactness (defined) = 5,

Porosity (fitted through initial porosity and pressure)  ~4.9%,

Grain size (adjusted to real material grain size) ~3mm,

Specimen size (then calculated through grain size) ~38 mm.
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Wave speed determination

Wave speed determination is done to match modeling time to the real time.
Marked particles have an initial velocity. Velocity of bottom layer of particles is controlled to obtain the time of wave propagation. With knowledge of specimen size wave speed can be obtained.

Then obtained wave speed is compared to experimental wave speed 3000000 mm/s.
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Stretching

Stretching allows to adjust Young Modulus and to obtain critical strain, that depends on interparticle force compactness (defined while polycrystal creation). In this case critical stress is unchangeable parameter.
Instead of Young Modulus the critical stress can be adjusted, then Young Modulus will be unchangeable.

The first described variant (Young Modulus and critical strain) was used.

Stretching is made under hard loading.

The point of maximum stress in stress-strain curve is taken as the critical point to obtain critical strain.

Young Modulus is adjusted by linear behavior on the interval where Strain < 0.001.

Calculated Maximum Stress is 0.00248 of Young Modulus value.

Fitted Critical corresponds to interparticle force compactness = 5 is 0.49%.
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Stress-Strain Curve
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Specimen after stretching. Crack is starting to grow approx. at the point (0.0040, 0.0023)
Indenting

At this point all the model parameters are adjusted. Indenting allows to check, if the behavior of model material with adjusted parameters corresponds to the reality or not.
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Indenging: Model
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Indenting: Experiment by Olesegun Ajibose
	
	Model 
	Experiment
	 

	 
	1
	2
	min
	max
	 

	Indentor Initial Velocity
	9.85
	8.21
	1.7e-6
	m / s

	Indentor Width
	19.2
	15.4
	20
	mm

	Maximum Force
	2.3
	1.1
	6
	8
	kN

	Remnant Displacement
	0.56
	0.41
	0,3
	0,5
	mm


