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Abstract
To complete this report the student created two simulations using Abaqus 2018 full edition so the results could be complex compared to those possible in the student edition. The first simulation was completed with less nodes therefore a lower mesh density. The second simulation was then created increasing the number of nodes therefore increasing the mesh density. This drastically changed the simulation results and the steel projectile went through the titanium plate with ease.
Introduction
This report is a detailed analysis of a high-speed projectile hitting a block of another material. Within this report will be a comparison of two simulations showing the differences when the mesh density has been changed. This report uses simulations created in Abaqus software. Within Abaqus the student used Johnson-Cook damage model so the simulations could be realistic. The Johnson-Cook damage model uses the following information

	Density
	ρ (kg/m3)
	

	Shear modulus
	G (GPa)
	

	Poisson's ratio
	ν
	

	J–C yield strength
	A (MPa)
	

	J–C hardening coefficient
	B (MPa)
	

	J–C strain hardening exponent
	N
	

	J–C strain rate constant
	C
	

	J–C softening exponent
	M
	

	Melting temperature
	Tm (K)
	

	J–C damage constant
	d1
	

	J–C damage constant
	d2
	

	J–C damage constant
	d3
	

	J–C damage constant
	d4
	

	J–C damage constant
	d5
	


Table 1 - List of information used during Johnson-Cook damage model [1]
Simulation Setup
The student created the simulation from scratch within the software. The projectile was loosely based off the tip of a 30mm RARDEN to make it as realistic as possible. The plate of material is a simple block of 10mm thickness.
The first thing the student was required to do was create the parts that were going to be used in the simulations. The figure below is the sketch created by the student for the projectile. The length of the projectile was 100 m and top was 15 mm so when it was revolved it became a 30 mm round.
[image: ]
Figure 1 - Sketch created in Abaqus for the projectile
In figure 2 you can see that sketch created for the plate of material the projectile would be fired at. It was 190 mm x 210 mm and then extruded 10mm thick.
[image: ]
Figure 2 - Sketch created in Abaqus for the plate
For the projectile 4340 Steel was used and below in figures 3, 4 and 5 you can see the figures that were entered into Abaqus to be used in the simulations. Along with the information visible in the figures below, this steel also had a fracture energy of 12500 and a density of 7830. All of the information was taken from references found online in reliable documents. [2] [3]
[image: ]
Figure 3 - Johnson-Cook damage figures for Steel
[image: ]
Figure 4 - Elastic numbers used for Steel
[image: ]
Figure 5 - Plastic figures used for Steel
For the plate of material used in the simulation, the chosen material was a Titanium alloy (ti-6al-4v). The Johnson-Cook damage figures [4] can be seen in figure 6 along with the melting temperature and transition temperature [5]. In the suboption part of Johnson-Cook damage is a fracture energy of 33670 [6] and its density is 4430. Figures 7 and 8 show the elastic and plastic figures used for Titanium in the simulations [4].
[image: ]
Figure 6 - Johnson-Cook damage figures for Titanium
[image: ]
Figure 7 - Elastic figures for Titanium
[image: ]
Figure 8 - Plastic details for Titanium
Once the materials were created the student then had to create sections which is shown below in figure 9. After clicking the ‘Create Section’ command the box on the left will come up and the type of section must be chosen. In this case the two sections used in this was solid, homogeneous. After that the user must select what material that section will be made of and they will then appear in the ‘Section Manager’ as seen on the right of figure 9.
[image: ]
Figure 9 - Display when creating sections in Abaqus
The next step the student had to complete was creating the assembly. Below, in figure 10, is the assembly used in the simulations to complete this analysis.
[image: ]
Figure 10 - Assembly used for the simulations
The first box in figure 11, in the top left, shows the steps created for the simulation and their details. The box to the right is used when editing field outputs and from that you can set the output variables wanted from the simulations and how many intervals for the them to be broken down into. For this the student chose 1500 so they could view exact moments wanted.
[image: ]
Figure 11 - Step menu display in Abaqus
After creating and applying the steps the next thing that must be done is create the interaction. Visible in figure 12 below, is the interaction created by the student. The ‘Second surface’ which the student has called nodes is on the plate that would interact with the projectile during the simulation. This is an important thing to do so the projectile hits as many nodes as possible which makes it more realistic.
[image: ]
Figure 12 -Interaction section of Abaqus
Below is the load interface in Abaqus where the student set the velocity of the projectile to 500 metres per second as seen in the box in figure 13. Also visible in figure 13 is the boundary condition around the edge of the plate. This was done so the plate remains in its place for the duration of the simulation. 
[image: ]
Figure 13 – Load interface in Abaqus
The next step in creating the simulation would have been to mesh the parts. This mesh for the projectile was very simple and the student did not need to change anything about it. The mesh for the projectile can be seen in figure 14.
[image: ]
Figure 14 - Mesh of projectile in Abaqus
The mesh for the projectile however was edited by the student. To make the mesh more realistic during the simulations they created a partition when creating the part so the mesh density would be greater in the middle (where the projectile is hitting). The mesh for the plate for the first simulation can be seen in figure 15 below.
[image: ]
Figure 15 - Plate mesh for first simulation
Figure 16 is a screenshot of the plate mesh for the second simulation completed by the student. The difference from the other mesh is the mesh density on the sides of the plate. In figure 15 the plate only has one element on the sides and in figure 16 there is four elements. Mesh density can cause huge differences in the results of simulations so it is important to get it right.
[image: ]
Figure 16 - Plate mesh for the second simulation
Simulation Results
Simulation 1 
The first simulation ran by the student was with the lower mesh density. Figure 17 below is the initial contact between the projectile and the plate and figure 18 and 19 are the steps just after that.
[image: ]
Figure 17 - Initial contact first simulation (Step 127)
Comparing figures 17 and 18 it is clearly visible that there is tensile stress building up inside the projectile by the red. Figure 18 also shows the compression stress building up in the plate signified in the blue colour.
[image: ]
Figure 18 - Step 128 of first simulation
Continuing one step further, figure 19 shows further tensile stress building in the projectile with the stress waves heading towards the nose. The same compression stress remained in step 129 as 128 but some tensile stress has appeared in the plate looking at the green. 
[image: ]
Figure 19 - Step 129 of the first simulation
Figures 20, 21 and 22 show a good example of stress waves making their way through the plate. Figure 20 shows a small amount tensile stress around the tip of the projectile.
[image: ]
Figure 20 - Step 132 of first simulation
Moving onto figure 21 it is apparent that the area of tensile stress has gotten larger and increased. Figure 21 also shows tensile stress making its way up to the base of the projectile (circled in figure 21) 
[image: ]
Figure 21 - Step 133 of first simulation
Figure 22 clearly shows a difference in colour for the majority of the plate compared to figure 21. This is caused by the tensile stress wave mentioned in figure 20 and 21. That same stress wave can still be seen also by the nose of the projectile.
[image: ]
Figure 22 - Step 134 of first simulation
From figure 23 it is clear that there is a large amount of tensile stress in the bullet from the large amount of red colouring. Comparing figure 23 to the steps earlier on in the simulation it is also visible that the nose of the projectile was beginning to compress and become closer to failure. Looking at the plate in figure 23 also shows a slight warp caused from the impact of the projectile.
[image: ]
Figure 23 - Step 147 of the first simulation
At step 152 the nose of the projectile fractured under to the stress it was experiencing. Figure 24 shows the projectile after the fracture and the curve in the plate is still visible.
[image: ]
Figure 24 - Step 152 in first simulation
Going further into the simulation, figure 25 shows the impact and compression of the second row of element in the projectile. It also shows further curving of the plate and tensile stress within the plate. 
[image: ]
Figure 25 - Step 180 of first simulation
Just like the elements at the nose of the projectile the second row also fractures but at step 235. Figure 26 shows the projectile after the element fracture. It is also clear that the forces from the projectile made the plate curve even more. The red elements in the plate show how much tensile stress is acting on that element. Using the key in the top left the stress should be around 1 x 109 which should really be fracturing the element in the plate.
[image: ]
Figure 26 - Step 235 of first simulation
At the end of the first simulation the projectile got ricocheted back off the material plate as shown in figure 27. Figure 27 also shows how much the projectile has been compressed and fractured. It is visible that the plate remained curved but did not fracture under any stress throughout the duration of the simulation.
[image: ]
Figure 27 - End of first simulation
Simulation 2
As no elements fractured in the plate during the first simulation even under the massive tensile stress there was clearly some problem. The student decided to increase the mesh density on the sides to give the elements a greater chance of breaking. Figure 28 shows tensile stress in the bullet and a small wave appearing at the nose of the projectile.
[image: ]
Figure 28 - Initial contact for second simulation 
Figure 29 gives a better view of the nose of the projectile and it shows a large tensile stress in one of the elements.
[image: ]
Figure 29 - Close up of initial contact for second simulation
The step after figure 29 the stress wave at the nose of the projectile increased in size as shown in figure 30. 
[image: ]
Figure 30 - Step 148 of the second simulation
Figure 31 below shows the projectile when it is partly through the plae of material. This figure shows that elements were being deleted from the stress they were expierencing and that increasing the mesh density worked for the student. 
[image: ]
Figure 31 - Step 215 of second simulation
Figure 32 is of the same step but from a different perspective. This image shows the tensile stress waves making its way across the plate in the darker shade of green. By the hole forming in the plate there is also another stress wave beginning its way across the plate. 
[image: ]
Figure 32 - Step 215 of the second simulation (Alternative angle)
Another 100 steps into the simulation the projectile begins to come out of the back of the plate. This is shown in figure 33. In this figure there is clearly a large amount of tensile stress on the back of the plate. It starts with red surrounding the projectile and then makes its way down to green which is a good example of a stress wave.
[image: ]
Figure 33 - Step 317 of the second simulation
For the duration of the simulation after figure 33 the projectile made its way through the plate of material causing tensile stress waves towards the lower end of the spectrum. 
[image: ]
Figure 34 - Step 888 in the second simulation
Figure 35 is an image taken at the end of the second simulation and from looking at the element that fractured the projectile didn’t go perfectly straight through the material. It shows the projectile did go slightly off path due to the material it was trying to go through.
[image: ]
Figure 35 - End of second simulation
Conclusion
From these simulations the main thing that can be concluded is that mesh density makes a huge difference when completing simulations like the ones required for this report. The first simulation failed to live up to the student expectations and the titanium plate didn’t fracture at all despite being hit by a 30 mm steel projectile at 500 metres per second. After increasing the mesh density however, the projectile went through the plate as the student wanted. From the simulations a conclusion can also be created for steel projectile vs titanium plate in which the steel projectile will come out on top in the real world.
Recommendations
In the second simulation there was a point at the start where some of the projectile’s elements weren’t registering hitting the plate. This problem would be caused by the interaction settings. If this test or another test would be conducted by the student again the interaction nodes should be changed accordingly to create an all-round better simulation. To consolidate the findings of this report further these simulations could be repeated with multiple different materials to see if they come out with the same results.
[image: ]
Figure 36 - Elements not registering hitting the plate

References

[1] 	W. Xuemei, "Validation of Johnson-Cook plasticity and damage model using impact experiment," International Journal of Impact Engineering, vol. 60, pp. 67-75, 2013. 
[2] 	L. B.-V. X. C. Haim Waisman, "Explicit and implicit methods for shear band modeling at high strain rates," Columbia University , 2018.
[3] 	J. R. T. Mabrouki, "A contribution to a qualitative understanding of thermo-mechanicaleffects during chip formation in hard turning," Materials Processing Technology, 2006. 
[4] 	A. G. R. B. H. B. S. B. Manel Sbayti, "Finite Element Analysis of hot Single Point Incremental forming of hip prostheses," MATEC Web of Conferences, 2016. 
[5] 	W. L. H. Z. S. L. T. Z. L. L. Hui Yu, "Study on Non-Isothermal Transformation of Ti-6Al-4V in Solution Heating Stage," MDPI, 2019.
[6] 	T. A. D. S. F. J. T. V. S. M.-B. &. L. S. H. Carolina Bermudo Gamboa, "Modeling of the fracture energy on the finite element simulation in Ti6Al4V alloy machining," 2021.







24

image1.png




image2.png




image3.png
4 Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1]

[ File Model Viewport View Edit Add Tools

LEE=E 2

Model  Results Module:

My
= 48 Models (1)
& Model-1
@ fly Parts (2)
Materials (
& Calibratior
@ & Sections (:
& Profiles
@48 Assembly
# o Steps (2)
@ B2 Field Outp
@ Bg History Ou
[+ Time Point
Bp ALE Adapt
@ Interactior.
B Interactior
#{ ContactCy
j& ContactIn
J& Contact St
«]] Constraint
{8 Connector
o F Fields
Py Amplitude.
[ Loads
@ & BCs (1)
4 [ Predefinec
Remeshing
X Optimizati
I Sketches
4 Annotations
=%% Analysis
& & Jobs (

or elements

but are not include

h

Plug-ins  Help K?

|2 Model-1 M| Part: [ bullet M

Flate

n =
d in any

e CRENIEA

@ 15°C Mostly cloudy ~ @x TJ Q)

1047 =]
16/05/2022 4





image4.png
4 Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1]
[ File Model Viewport View Edit Add Tools Plug-ins Help ?

LEE=SE & e ARENEAR
Model Results : |2 Model-1 ™| Part: [2 Plate >

My
= 48 Models (1)
& Model-1
5 Parts (2)
Materials (
& Calibratior
Sections (¢
Profiles
Assembly
Steps (2)
Field Outp.
History Ot

By 4

Time Poini
ALE Adapt
Interactior

Interactior

=
b
B

A& Contact St
«]] Constraint,
{8 Connector
o F Fields
Py Amplitude.
[ Loads
@ & BCs (1)
4 [ Predefinec
g Remeshing
X Optimizati
I Sketches
4 Annotations
= %% Analysis

& Jobs (6)

B hae

<

or elements have been added
but are not included in any a:
wa lected

1052 =]
16/05/2022 14

£ Type here to search t - @ 15°C Mostly cloudy ~ @x 1 @)




image5.png
4 Edit Material

Name: Steel

Description:

Material Behaviors

Damage Evolution
Density

Elastic

Plastic

General Mechanical ~Thermal

Johnson-Cook Damage

Data

d1 d2
1 0.05 344

Electrical/Magnetic

v
 Suboptions|
Melting Transition Reference
Temperature  Temperature  Strain Rate
79 800 1
Cancel





image6.png
4 Edit Material X

Name: Steel

Description: P

Material Behaviors

Johnson-Cook Damage
Damage Evolution

General Mechanical Thermal Electrical/Magnetic ~ Other v
Elastic

Type: | Isotropic M v Suboptions.
[ Use temperature-dependent data

Number of field variables: e

Moduli time scale (for viscoelasticity)

Long-tem |

[ No compression

No tension
Data
Young's Poisson’s
‘Modulus Ratio
1 200000000000 029





image7.png
4 Edit Material

Name: Steel

Description:

Material Behaviors

Johnson-Cook Damage
Damage Evolution

Density

General Mechanical Thermal  Electrical/Magnetic  Other |[#
Plastic
Hardening: | Johnson-Cook M v Suboptions
Data
A 8 B - Melting Transition
Temp Temp
1 792000000 510000000 026 103 179 200





image8.png
4 Edit Material X
Name: Ti
Description: 2

Material Behaviors

Damage Evolution
Density

Elastic

Plastic

General Mechanical ~Thermal

Johnson-Cook Damage

Data

d1 d2
1 -0.09 025

Electrical/Magnetic

v
 Suboptions|
Melting Transition Reference
Temperature  Temperature  Strain Rate
1933 3 1
Cancel





image9.png
4 Edit Material X

Name: Ti

Description: P

Material Behaviors

Johnson-Cook Damage
Damage Evolution

General Mechanical Thermal Electrical/Magnetic ~ Other v
Elastic

Type: | Isotropic M v Suboptions.
[ Use temperature-dependent data

Number of field variables: e

Moduli time scale (for viscoelasticity)

Long-tem |

[ No compression

No tension
Data
Young's Poisson’s
‘Modulus Ratio
1 144000000000 032





image10.png
4 Edit Material

Name: Ti

Description:

Material Behaviors

Johnson-Cook Damage
Damage Evolution

Density

General Mechanical Thermal  Electrical/Magnetic  Other |[#
Plastic
Hardening: | Johnson-Cook M v Suboptions
Data
A 8 B Melting Transition
Temp Temp
1 870000000 930000000 025 1933 an





image11.png
se: C\Users\s211

=] File Model Viewport View Material Section Profile

ECELY

Composite  Assign  Special  Feature

i e W

Plug-ins Help K?

KA

5

Model Results Materi Module: [ZPropetty | Modek

Sessiov| 5 (£ ¥ G
& Output Databases (1
5§ Model Database (1)
@ [ Spectrums (7)

B XYPlots

B xvData

L, Paths
[ %g Display Groups (1)

Y Free Body Cuts

@ Streams

BE Movies

Images
& imag

< >

Model-1 V| Part: [+ bullet M

Name: | Section-4
Category  Type

@ Solid

O Shell Generalized plane strain

OBeam | Evlerian

Oother || ComPosite

Continue...

Job final: Abaqus/Explicit Packager completed successfully.
;] Job final: Abaqus/Explicit completed successfully.

Job final completed successfully

[53] | The model database has been saved to "C:\Users\s2112603\Documents\attenpt kd_finernesh(1) cae"

L Type here to search

M @l @ &

B Property defaults | ()

> Section Manager

Name

Section-steel
section-plastic

Type

Solid, Homogeneous
Solid, Homogeneous

Rename... Delete...

ining now





image12.png
4% Abaqus/CAE 2018 - Model Database: C\| 52112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1]

[Z) File Model Viewport View Instance Constraint Feature Tools Plug-ins Help A?

LEE=mE S P CLEINE AR

Model  Results

==
| Models (1)

Model-1

# fly Parts (2)

& Materials (3)
& Calibrations

o%
& Profiles

@48 Assembly

o Steps (2)

@ B2 Field Output Re
@ B History Output
[ Time Points

Bp ALE Adaptive M + eelmee

@ Interactions (1)

@& Interaction Prof.
#{ Contact Contro
4& Contact Initializ
A& Contact Stabiliz
«]] Constraints
{B Connector Secti

@ F Fields
Py Amplitudes
[ Loads

@ [ BCs (1)

@ [ Predefined Fielc
Bl Remeshing Rule
X Optimization Ta
I Sketches

Annotatinne

<

Job final: Abagus/Explicit completed s ully
Job final compieted successfully
The nodel database has been saved to "C:\Users\s2112
o] | Applicat s after 97 minu idle time. t t 3 minut





image13.png
Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1]
Qutput  Other Help N?

=] File

Model Vi

NELLL Y

wport  View Step Tools  Plug-ins

WEE AR

,

Model  Results
gvy T B ¢
| Models (1) A
Model-1

Procedure
(initial)

Nigeom Time
N/A N/A

i Parts (2)
@[22 Materials (3)
& Calibrations
b3
& Profiles
@4 Assembly
fof Steps (2)
71 B2 Field Output Re
@ B History Output
[+ Time Points
Bp ALE Adaptive M
#'Q Interactions (1)
@F Interaction Prog
#{ Contact Contro
i Contact Initializ
& Contact Stabiliz
€] Constraints
{8 Connector Secti

o F Fields

Replace..| |Rename.. | Delete..  Nigeom.. | Dismiss

sts Ma

Step-1
v F-Output-1

o Amplitudes
tep procedure: Dynamic, licit

[ Loads Step proced: Expli
@ [ BCs (1) Variables: A, CSTRESS, DAMAGEC, DAMAGESHR DAMAGET,DMICRT EEQUT...
7l Predefined Fielc Status: Created in this step

Remeshing Rule Create... Copy... Rename... Delete... Dismiss

X Optimization T2

I Sketches
Amnntatinne 2
< >

Job final: Abaqus/Explicit completed successfully.

Job final completed successfully.

The model database has been saved to "C:\Users\s2112603\Documents\attempt kd_finermesh(1). cae"

Application restarted after 97 minutes of idle time: the license will be checked within the next 3 ninutes

[>»]
L Type here to search

=T
M's | @ Lo aR
E® | Assembly defaults

Name:  F-Output-1

Step: Step-1

Procedure: Dynamic, Explicit

Domait ‘Whole model ™| O Exterior only

Frequency: |Evenly spaced time intervals V| Intervak: | 1500

Timing: | Qutput at approximate times ™

Output Variables

@ Select from list below O Preselected defaults O All O Edit variables

A CSTRESS, DAMAGEC, DAMAGESHR, DAMAGET, DMICRT,EEQUT,EVF, LE, MVF, PE,PEEQ,

W] Stresses o

8] Strains
[m] Displacement/Velocity/Acceleration

] Forces/Reactions
[®] Contact

[ Energy

] Failure/Fracture

Thermal
[ Porous media/Fluids

Output for rebar

Output at shell, beam, and layered section points:

@ Use defaults O Specify:

[ Include local coordinate directions when available

Apply filter: ' Antialiasing

4’ Raining now

0 0)

20:08 =]
15/05/2022 2





image14.png
> Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1]

=] File Model Viewport View Interaction Constraint Connector Special Feature Tools Plug-ins Help K?
ECELY i @ KEEITLEE AL
n n X
Name: Int-1
— Type: Surface-to-surface contact (Explicit)
Model  Results Module: [T interd ¥ s

Step:  Initial

gmv T

f Fistsuface  m_Surf-5

§ fof
r ~
:;1 °:°I"‘ o E=Ye| § Second surface: nodes
s Parts ) | Mechanical constraint formulation: | Kinematic contact method
@ Materials (3) ¢ Sliding formulation: @ Finite sliding O Small sliding
& Calibrations IS a
% learance
& Profiles ; = Note: Clearance can only be used with small sliding in the first analysis step.
@4 Assembly F
fof Steps (2) L=
# B2 Field Output Re L, o

@ B History Output
[ Time Points
Bp ALE Adaptive M
#'Q Interactions (1)
@& Interaction Prof.
#{ Contact Contro ¥ Contact interaction property: | IntProp-1

it Contactinitializ {3 :‘
A Contact Stabiliz

Weighting factor @) Use analysis default O Specify

€] Constraints L) o

1B ComnectorSecti | 1.4 T Contact controls: | (Default)
o F Fields a2

Py Amplitudes

[ Loads
@ [ BCs (1)

#l [l Predefined Fielc
Remeshing Rule
X Optimization Ta
I Sketches

Anmatatinne

v
v B 4= [X| Fill out the Edit Interaction dialog

Job final completed successfully
m The model database has been saved to "C:\Users\s2112603\Docunents\attempt kd_finermesh(1) cae"

Application restarted after 97 minutes of idle time; the license will be checked within the next 3 ninutes
o5 Application restarted after 95 minutes of idle time. the license will be checked within the next 3 ninutes

L Type here to search

n | L

E® | Assembly defaults

in to stop

0 9)





image15.png
se: C\Users\s211

Model Vi

SEamg g b e CREIUEE AL A w @y LF

wport View Load BC PredefinedField Load Case Feature Tools Plug-ins Help A? - & x

e

E® | Assembly defaults

Model | Results Module: [ Load t[- Model1 M Step: [Sinitial M
gmy T B F

| Models (1) &

Model-1

5 Parts (2) & Edit Predefined Field
@[z Materials (3)

& Calibrat Name: Predefined Field-1
alibrations

s Type:  Velocity
& Profiles Step: Initial

@48 Assembly Region: Set-2

710 Steps (2)

# B2 Field Output Re Distribution: | Uniform

@ B History Output

Definition: | Translational only
[ Time Points

Bp ALE Adaptive M 4 vi:
T Interactions (1) Cir) =
@& Interaction Prof. g

#{ Contact Contro V3:

4& Contact Initializ
A& Contact Stabiliz
«]] Constraints
{B Connector Secti
o F Fields
Py Amplitudes
[ Loads
@ [ BCs (1)
#l [l Predefined Fielc
Remeshing Rule
X Optimization Ta

I Sketches
v
P 1 > 4= X Fill out the Edit Predefined Field dialog
Job final completed successfully ~
[l |The nodel Gatabase has been saved to "C:\Users\s2112603\Docunents\attenpt kd_finernesh(1) cas®

Application restarted after 97 minutes of idle time; the license will be checked within the next 3 ninutes
[5»] Application restarted after 95 minutes of idle time. the license will be checked within the next 3 minutes v

L Type here to search in to stop 1 )





image16.png
4 Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1]

d  Mesh Adaptivity Festure Tools Plug-ins Help K?

P ¢ CRREINEE AR

Model Results Model: -1 M Object: O Assembly @ Part: |2 bullet
=1
= 48 Models (1)
= Model-1
=y Parts (2
aterials (

& Calibratior
Sections (:

rofil

Steps (2)
Field Outp
History O
Time Point
By ALE Adapt.
@', Interactior
E Interactior
#§ Contact ¢
i@ Contact In
& Contactst.
«]] Constraint,
{E Connector
2 F Fields
Py Amplitude
[ Loads
BCs (1)
@ [ Predefinec
Bl Remeshing
X Optimizati
[ Sketches

RN

B8
WP ¥

F

2
7S simuLia

10:19

& 15°C Cloudy ~ D) o0, By





image17.png
Model  Results

F ks

¥

History
Time Poini
By ALE Adapt.
@, Interactior
@5 Interactior,
#§ Contact ¢
i ContactIn
& Contactst.
€] Constraint
{E Connector
2 F Fields
Py Amplitude
[ Loads

F

K Optimizati
[ Sketches

attempt kd_finermes

Feature Tools Plu

& 15°C Cloudy ~ &2 )

2
7S simuLia

1021 =]
16/05/2022 14





image18.png
Model  Results

F ks

¥

History
Time Poini
By ALE Adapt.
@, Interactior
@5 Interactior,
#§ Contact ¢
i ContactIn
& Contactst.
€] Constraint
{E Connector
2 F Fields
Py Amplitude
[ Loads

F

K Optimizati
[ Sketches

elenent
3112 elemen

O Type here

arch

attempt kd_finermes

Feature Tools Plu

@ 15°C Mostly cloudy ~ & @)

2
7S simuLia

1033 =]
16/05/2022 14





image19.png
4 Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\OneDrive - University of Wales Trinity avid\Documents\attempt kd(1).cae [Viewport: 1]

[Z) File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help K?

DS Emd Primary NS M| Max.principy Gy i e @ owriiep @ LY E B RA

Model Results Model: |2, C:/temp/steelvsTi.odb a4 > FBHD

S, Max. Principal
Avg: 75%)

o = +6.429e+08
VPlots +5.583e+08
& xvoata +4.737e+08
+3.892e+08
+3.046e+08
+2.201e+08
+1.355e+08
+5,093e+07
-3.3632+07
-1.182e+08
-2.0282+08
-2.8736+08
-3.7192+08

Step-1: 1500 !

ODB: steelvsTi.odb Abaqus/Explicit SDEXPERIENCE R2018x
Step: Step-1

Mon May 16 12:58:08 GMT Daylight Time 2022

2
7S simuLia

~

13:04 =]
16/05/2022 14

0 search © [ | gm0 O F & 15°C Cloudy ~ % B )





image20.png
F
L4

= File Model ot View Result Plot Animate Report Options Tools Plug-ins Help A?
DEE= Bl primary  M|S rincip G\ 4l > M e @ LG

Model Results 3 Ci/temp/s 4 pw BB

S, Max. Principal
Avg: 75%)

Plots +6.041e+08 [
(VPlots +5.351e+08 :
& xoata +4.661e+08

z +3.972e+08
+3.282e+08
+2.592e+08
+1.902e+08
+1.212e+08
+5.220e+07
-1.679e+07
-8.578e+07
-1.548e+08
-2.238e+08

Step-1: 1500

AT

ODB: steelvsTi.odb ' 'Abaqus/Explicit SDEXPERIENCE R2018x Mon May 16 12:58:08 GMT Daylight Time 2022
Step: Step-1

2
7S simuLia

~

13:08 =]
16/05/2022 14

© [Eh m s e P F & 15°C Cloudy ~ & T 0)




image21.png
P
=
[ File  Model ot View Result Plot Animate Report Options

U 7 E - Az Primary

Model Results

YPlots
E8 XVData

Tools Plug-ins Help A?

Ms rincip G\ 4l > M e @ LG

S, Max. Principal
Avg: 75%)

+6.192e+08
+5.492e+408
+4.791e+08
+4.091e+408
+3.391e+08
+2.691e+408

+1.991e+08

+1.291e+408
+5.912e407
-1.089%e+07
-8.089%e+07
-1.509e+08
-2.209e+08

ODB: steelvsTi.odb 'Abaqus/Explicit SDEXPERIENCE R2018x
Step: Step-1

4w FBHD

Step-1: 1500

Mon May 16 12:58:08 GMT Daylight Time 2022

2
7S simuLia

~

13:08 =]
16/05/2022 14

i m s e P F & 15°C Cloudy ~ & T 0)




image22.png
4% Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\OneDrive - University of Wales Trinity Saint David\Documents\attempt kd(1).cae [Viewport: 1]

X
[E] File Model Viewport View Result Plot Animate Report Options Jools Plug-ins Help R? & x
DESE=SE & pimay s M| M rinciph | G| e @t > w s @ CWELRIILEE B Rl M Tl s 0 HIITI @w e K =
&9 Visualization defaults v () ~
Model  Results Module: 2 Visualzation | Modek [2 C:/temp/steeivsTiodb [ KA Db»| FED
Sessiow Q ]

& Output Databases (1 g S, Max. Principal
&5 Model Database (1) (Avg: 75%)

@ [ Spectrums (7) B B
+9.294e+08
B XYPlots e, +8.043e+08
E8 xvoata —_ +6.792e+08
4& Paths By, 2 +5.541e+08
%y Display Groups (1) |~ m_ +4.290e+08
B Free Body Cuts ), & +3.039e+08
@ Streams "2 ¥ +1.788e+08
B Movies - +5.369e+07

B images - -7.141e+07
-1.965e+08
-3.216e+08
-4.467e+08

-5.718e+08

Bosstel
=
‘4‘ WAy,

ODB: steelvsTi

Job steelvsTi: Abaqus/Explicit Packager completed successfully ~
Job steelvsTi: Abaqus/Explicit completed successfully

Job steelvsTi completed successfully

[o»] The selected probe valuss were written to file "C:/temp/abaqus rpt”

L Type here to search

in to stop




image23.png
A o S Documes . port: 1
[E] File Model Viewport Vi esult Plot Animate Report Options Tools Plug-ins Help A?
DEE®E & dupimy s M| Max.princip | & e @ o @ W LLEITLIE B Ra v e 52

Sioaalll Results Module: 2 Visualzation | Modek [2 C:/temp/steeivsTiodb [

S, Max. Principal
(Avg: 75%)

+8.636e+08
+7.465e+08

E8 xvoata +6.295e+08
4& Paths +5.124e+08
g Display Groups (1) +3.954e+08
B Free Body Cuts +2.783e+08
& Streams +1.613e+08
B Movies +4,4252+07
B images -7.279e+07

-1.898e+08

-3.069e+08

-4.239e+08

-5.410e+08

< >

Job steelvsTi: Abaqus/Explicit Packager completed successfully
il Job steelvsTi: Abaqus/Explicit completed successfully
Job steelvsTi completed successfully
[o»] The selected probe valuss were written to file "C:/temp/abaqus rpt”

L Type here to search

pass
</

& | Visualization defaults

'3'

L TAS
SRS
LRI
RS

085990 @we K

4> Frame Selector

Step-1

-]

a4 > FBHD





image24.png
A ¢ 5 Docume tkd(1).cae [Viewport: 1 - x
[E] File Model Viewport Vi esult  Plot Animate Report Options Tools Plug-ins Help W7 & x
DTESAE 8 orimy s Sl a bwid ¢ CABUEARS Ve @l 0 9 oK aE
&9 Visualization defaults v () ~
Model  Results Module: |: Visualization 1| Modek ‘: C/temp/steelveTiodb v

a4 > FBHD

S, Max. Principal
(Avg: 75%)

4> Frame Selector

+7.900e+08 i
4, +6.6582+08
o o e T4 17eat00
g Display Groups (1) 12:9352103
B Free Body Cuts +1.693e+08
%Sﬂeams &k +4.521e+07
Movies —— -7.892e+07

B images =3 -2.030e+08

=
351304 << (7
(57540408 o ‘.‘Q’Q 4,
-6.995¢+08 S 0e R
“:‘:‘ /225

NS
o
/77
o

Job steelvsTi: Abaqus/Explicit Packager completed successfully ~
Job steelvsTi: Abaqus/Explicit completed successfully

Job steelvsTi completed successfully

[o»] The selected probe valuss were written to file "C:/temp/abaqus rpt”

L Type here to search

§ . Rain to stop




image25.png
4 Abaqus/CAE 2 Model Databas \OneDrive - University of Wales Trinity avid ents\a ( Viewport: 1]

[Z) File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help K?

DE E = B lprimary M5 M| Max.Principv [ G e @ i @ W LLEYTLEE B R

Model  Results Module: |2 Visualization Mudal:m a4 > FBHD
,\xh"ﬂ]j ]
S S, Max. Principal
- Avg: 75%)
+6.531e+08
" +5.297e+408
8 xvData +4.063e+08
=I|': [P)ath‘s . x, +2.829e+08
2,4 Display Grou . +1.595e+08
E Free Body Cuts w, +3.610e+07
-8.730e+07
-2.107e+08
-3.341e+08
-4.575e+08
-5.809e+08
-7.043e+08
-8.277e+08

Step-1: 1500 ’

Mon May 16 12:58:08 GMT Daylight Time 2022

ODB: steelvsTi.odb Abaqus/Explicit 3DEXPERIENCE R2018x

2
7S simuLia

~

1417

v
o i m g mwE e 5 F 4 Raincoming A & T ) o000, By




image26.png
Help A?
“|| Max. Princip | & | 4 41 1> DM i o] @

Model Results Model: |5, Cit i 1 Wda | dBHOD

S, Max. Principal
(Avg: 75%)
& - 7.708e+08
!::(Dlotﬁ 16.8909108 Step-1: 1500
& xvoata . +6.073e+08
+5.256e+08
+4.43%e+08 Q
+3.621e+408
+2.804e+08
+1.987e+408
+1.170e+08
+3.524e+407
-4.649e+07
-1.282e+08
-2.099%e+08

ODB: steelvsTi.odb Abaqus/Explicit 3DEXPERIENCE R2018x
Step: Step-1

Mon May 16 12:58:08 GMT Daylight Time 2022

2
7S simuLia
ully ~

to file " rpt”

1437 =]
16/05/2022 4

© [=h m e mE e - F 4 Rain coming A @ T @)




image27.png
F
L4

= File Model ot View Result Plot Animate Report Options Tools Plug-ins Help A?
DEE= Bl primary  M|S rincip G\ 4l > M e @ LG

Model Results 3 Ci/temp/s Wda | dBHOD

S, Max. Principal
Avg: 75%)
B +6.785e+08 nis
e +6.062e+08 -1: Step-1: 1500
& xvoata +5.3392+08 : ]
z +4.616e+08
+3.892e+08
+3.169e+08
+2.446e+08
+1.723e+08
+9.996e+07
+2.763e+07
-4.469e+07
-1.170e+08
-1.893e+08

Mon May 16 12:58:08 GMT Daylight Time 2022

ODB: steelvsTi.odb Abaqus/Explicit 3DEXPERIENCE R2018x
Step: Step-1

2
7S simuLia

~

14:55 =]
16/05/2022 14

t
© [=h m e mE e - F 4 Rain coming A @ T @)




image28.png
4 Abaqus/CAE 2018 - Model Databas:

[Z) File Model Viewport View Result Plot Animate Report Opti

U 7 & o Primary

Model Results

XYPlots
E8 XVData

\Users\s21126(

3\OneDrive - University of Wales Trinity avid\Documents\attempt kd(1).cae [Viewport: 1]

Tools Plug-ins Help A?

s U] Max.principt| & e @ b owfi s @ W LB 1L E B R

: |3 Co/temp/steelvsTiodb

S, Max. Principal
Avg: 75%)

+9.826e+08
+8.923e+408
+8.020e+08
+7.117e+08
+6.214e+08

+5.311e+408
+4.409e+08

+3.506e+08

+2.603e+08

+1.700e+408

+7.966e+07
-1.064e+07

-1.009e+08

file "

ODB: steelvsTi.odb Abaqus/Explicit 3DEXPERIENCE R2018x
Step: Step-1

/1NN

Mon May 16 12:58:08 GMT Daylight Time 2022

2
7S simuLia
ully ~

rpt"

15:02 =]
16/05/2022 14

=} m e mE e - F 4 Rain coming A @ T @)




image29.png
4 Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\OneDrive - University of Wales Trinity avid\Documents\attempt kd(1).cae [Viewport: 1]

[Z) File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help K?

DS Emd Primary NS M| Max.principy Gy i e @ owriiep @ LY E B RA

Model Results v : |3 C:/temp/steelvsTiodb v <

S, Max. Principal
Avg: 75%)

o = +1.618e+09
VPlots +1.462e+09
& xvoata +1.305e+09
+1.148e+09
+9.916e+08
+8.350e+08
+6.783e+08
+5.217e+08
+3.650e+08
+2.084e+08
+5.172e+07
-1.0492+08
-2.6162+08

ODB: steelvsTi.odb Abaqus/Explicit 3DEXPERIENCE R2018x
Step: Step-1

Mon May 16 12:58:08 GMT Daylight Time 2022

2
7S simuLia

~

15:12 =]
16/05/2022 14

© [=h m e mE e - F 4 Rain coming A @ T @)




image30.png
1
imate Report Options Tools Plug-i Help N?
Bt primary || Max. Princip| G { e 4l 1> DM i s @

Module: jzation ™| Model: |2 C:/temp/final.odb ™ a4 D> FBHD

S, Max. Principal
(Avg: 75%)
+1.018e+09
+9.266e+08 . : Step-1: 1500
+8.353e+08 ’

+7.440e+08
+6.526e+08
+5.613e+08
+4.700e+08
+3.787e+08
+2.874e+08
+1.961e+08
+1.048e+08
+1.345e+07
-7.786e+07

ODB: final.odb Abaqus/Explicit 3SDEXPERIENCE R2018x Sun May 15 16:50:13 GMT Daylight Time 2022

2
PSS simuLia

Input Fi ~
1

it

17:28 =]
15/05/2022 12

© [Eh m @ m 9 0 F 4 Rain coming A T @)




image31.png
> Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1] -

=] File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help K? - & x
DT EmE ) epimy s M| Max principv | S\ e @ bbb @ WL E ML E A 8 | i X ‘0
B Visualization defaults v/ () ~

Model Results Module: [ Visualization | Mod +/temp/final.odb ™ Ka D> EBD
Sessiol]| &

@& Output Databases (1

&5 Model Database (1) X

@ [ Spectrums (7)

B XYPlots Step-1: 1500 X

= 47

x
d Output.
Step: 1, Step-1 Frame: 147
Field output variable for Probe: S, Max. Principal (Not averaged)
be Values
elect from viewport O Key-in label O Select a display group
be: | Elements | Components: | Selected M| Position:  Integration Pt 155
e for Attached nodes: 890, 927, 928, 889, 942, 979, 980, 941
Partinstance ElementID Type  Attachednodes S, Max. Principal
BULLET-1 735 (3D8R 890,927,928, 889, 9 1.0179e+09
] BULLET-1 735 C3D8R 890, 927, 928, 839, 942 1.0179+09
. Click on respective check button to annotate values in viewer
Write to File... y
"% /
-
pY Max. Prin
3 5| = [X]| Move the cursor in the current viewport or click MB1 to report values in the Probe Values dialog
Job final: Analysis Input File Processor completed successfully ~
[&] 10 tinal  Abaque/Explicit Packager conploted sucoessfully.
Job final: Abaqus/Explicit completed successfully
[33] Job final completed successfully v

L Type here to search in coming 1 )




image32.png
Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1] - X
File Model Viewpot View Resut Plot Animate Report Options Tools Plug-ins Help W?
NS EmE & sleimay s M Max.principv | S\ e @ o ep @ LKL E AR

ErE

B Visualization defaults v/ () +

FI @ o K-

Model Results Mndul-|‘v lization

Sessiov| & (£) T G 55
&5 Output Databases (1 B a
&5 Model Database (1) =

v Mudzl:‘:c:/temp/ﬁnaludb ¥

a4 > FBHD
S, Max. Principal

@ [ Spectrums (7)

(Avg: 75%)

B Spectm +1.011e+09
+9.108e+08
E ;::’:a +8.107e+08
9%, Display Groups (1) Té.104et08 &
E ;ree Body Cuts +‘5‘, igfe+gg ,’,
treams +4. e+
£ S ==z
Images +2.099%+ ==
+1.098e+08 c
+9.624e+06 A
-9.0502+07 T 7
-1.906e+08 s
. s 22/ 7K
(TS
CST P F 7SS S
AR 5SS
e = s s 85
B “’
S S
5{401."' g
§ 7 T 7 1
e,
T
e
LA
13 GMT
< 5
El The model database "C:\Users\s2112603\Documents’attempt kd_finernes]

H L Type here to search

o 15:54
B 15°C Mostly sunny ax T 0) e B




image33.png
4 Abaqus/CAE 2 Model Databas \Documents\attempt kd_finermesh(1; [Viewport: 1]

[Z) File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help K?

DEE= Bealprimary s M| Max.principy Gy i e @ owriiep @ LY E B RA

lization defaults

Model Results Module: |3 Visualization ™| Model: [ C:/temp/final.odb . »» | BHD

il

sl
S S, Max. Principal
- Avg: 75%)

+2.130e+09
+1.831e+09 Step-1: 1500
+1.532e+09 =

+1.233e+09
+9.332e+08
+6.339%e+408
+3.345e+08
+3.521e+407
-2.641e+08
-5.634e+08
-8.628e+08
-1.162e+09
-1.461e+09

i
(AN
AR

ODB: final.odb Abaqus/Explicit 3DEXPERIENCE R2018x Sun May 15 16:50:13 GMT Daylight Time 2022

2
7S simuLia

1558 =]
16/05/2022 14

© [Eh m s e P F @ 15°C Mostlysunny A @ 7 @)




image34.png
Model

Result Plot Animate Report Options Tools

Lo primary

Results Module: | ization ™| Model: |3 C:/temp/final.odb ™|

O Type hereto s

v “|| Max. Princip | & | 4 41 1> DM i o] @

S, Max. Principal
(Avg: 75%)

+2.130e+09
+1.831e+09
+1.532e+09
+1.233e+09
+9.332e+08
+6.339%e+408
+3.345e+08
+3.521e+407
-2.641e+08
-5.634e+08
-8.628e+08
-1.162e+09
-1.461e+09

Plug-

1
Help A?

ODB: final.odb Abaqus/Explicit 3DEXPERIENCE R2018x Sun May 15 16:50:13 GMT Daylight Time 2022
Step: Step-1

e A4 D W

Step-1: 1500

@ 15°C Mostly sunny A @x T @)

' DO

2
7S simuLia

16:03 =]
16/05/2022 4




image35.png
& Abaqus, $\s211 -
= Eile Vie sult  Plot - & x
DSE® & &) bfrmy s M Max.principv | S\ e @ b b @ LKL E AR A M ol 0TI @ oK =
&9 Visualization defaults v v
Voaal Resuis Module: [2 Visualzation | Modek [2 C:/temp/final.odb | KA Db»| FED
Sessiol R B
& Output Databases ({ g &, S, Max. Principal
& Model Database (1) = (Avg: 75%)
Lé )S(::utumsm B E +1.009e+09
lots o, +8.618e+08
B8 xvoata - +7.148e+08
LL Paths E +5.677e+08
@4 Display Groups (1) | g +4.207e+08
B Free Body Cuts S,
@ Streams
B Mo
& 1mag

<
Q The model database "C:\

[>>3]
i ~ 16:08
H 0 Type here to search b K - @ 15°C Mostlysunny A~ & L34 o0, B




image36.png
4% Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1]

S| File Model Viewport View Result Plot Animate Report Options JTools Plug-ins Help A? -8 x
DSE®E 8 rmey o5 Uvecrmer Sl w4 b ¢ < L EI 1L} E AR EOR=E O ®oe K ~&.E
#B | Visualization defaults || () +
oaal Resuts odule: [& Visualization ] Mud:l:‘:c:/temp/'ﬁnalndb > KA Db»| FED
Sessiol @
& Output Databases (1 g &, S, Max. Principal
165 Model Database (1) = (Avg: 75%)
98 Specrms @ | s By +1.156e+09
B XYPlots 0% +1.041e+09
B8 xDate - +9.2642+08
,LL Paths §o +8.114e+08
1[4 Display Groups (1) B, o +6.965e+08
B Free Body Cuts . +5.815e+08
@ Streams "2 ¥ +4.665e+08
T Movies — = +3.516e+08
B images === +2.366e+08
i +1.216e+08
(=4 +6.684e+06
-1.083e+08
-2.232e+08
=]
o, A
ay
P
K
L=
!‘i E
‘f
< >
E' The model database "C:\Users\s2112603\Docunentsattenpt kd_finermes] h(1).cas" has been opened
[5%]

. o - e
H O Type here to search B 15°C Mostly sunny G B0 e B




image37.png
S Abaqus/CAE 2018 - Model Database: C:\Users\s2112603\Documents\attempt kd_finermesh(1).cae [Viewport: 1] - X

File Model Viewport View Resuft Plot Animate Report Options JTools Plug-ins Help A? - =
DEESS # i s Hverad(Slinea pwie ¢ SRENEE AR AR i Wedalale X SN -]
B Visualization defaults v/ () +

Model  Results Module: £ Visualization | Modet: 2 C/temp/finalodb KA b EBED
Sessiov| & [E1 T, @

@& Output Databases (1 L S, Max. Principal

# & Model Database (1) 2 (Avg: 75%)

@ [ Spectrums (7)

@ B XYPlots (1) +8.489e+08

g . T 6950100
1L pates [ +5.7982+08
g Display Groups (1) N +4.901e+08
B Free Body Cuts . B +4,004e+08
& Streams Y +3.107e+08
& Movies +2.210e+08

& Images +1.313e+08
: +4.161e+07

-4.809e+07

-1.378e+08

-2.275e+08

< >

Varning: Requested operation will result in the creation of a very large number of xyDataObjects. Performance can be affected. Please reduce the number of specified entities using A
Display Group operations before re-performing this operation
he temporary XY data for the requested XV data extraction has been created

[3] The temporary XY data for the requested XY data extraction has been created v

H L Type here to search i - 6°C Mostly cloudy @ T 0 | 52

16/05/2022 L3




image38.png
Help N?
“|| Max. Princip | & | 4 41 1> DM i ] @

a4 Db EBED

S, Max. Principal
(Avg: 75%)

+7.755e+08
+7.007e+08
+6.258e+08
+5.509e+08
+4.760e+08
+4.011e+08
+3.262e+08
+2.513e+08
+1.765e+08
+1.016e+08
+2.669e+07
-4.819e+07
-1.231e+08

ODB: final.odb Abaqus/Explicit 3SDEXPERIENCE R2018x Sun May 15 16:50:13 GMT Daylight Time 2022

2
PSS simuLIa

e nunber of xyData0 n be aff the nunber fied entities u ~

1639 =
16/05/2022 13

© [Eh m s e P F @ 16°C Mostly cloudy ~ 4 T @)




