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[bookmark: _Toc134803603]Abstract 
This Laboratory report details the digital production of a projectile and target plate in order to simulate the stress and stain interactions between the objects at different velocities and materials, using the Abacus software. A projectile and target plate was modelled, the plate was aluminium for the duration of the tests, and the projectile was simulated in steel and copper. A series of simulations were modelled in both materials, covering 900, 1200 and 1600 meters per second. The simulated visualisations of these interactions were analysed using Abaqus stress/strain colour scales. This led to the conclusion that the increase of velocity results in the increase of the stress and strain values. It was also concluded that the denser and harder the material being projected also increases the stress and strain values.
[bookmark: _Toc134803604]1. Introduction
 The aim of this report is to demonstrate though simulation using abaqus physics simulation software package, the stress and strain effect differences when changing the material and the velocity of a projectile being fired into an aluminum plate.
Several simulation jobs were ran covering the speeds of 900, 1200 and 1600 meters per second with a projectile made of both steel and copper.
[bookmark: _Toc134803605]2. Brief
The task brief was to build a two component simulation, demonstrating a projectile going through a ballistic impact into a target plate. The parameters could then be changed resulting in different stress/strain results. Analysis and the comparing the results of these ballistic simulations can then be carried out on the results, showing how the stress and stain values and interactions between the objects change depending on the parameters of the simulation.
[bookmark: _Toc134803606]3. Components 
[bookmark: _Toc134803607]3.1. The Projectile
The simulation was made up of two components, a projectile, and a target plate. The projectile was a generic ‘bullet’ shape, a cylinder flat on one end and conically tapered to a point on the opposing end.  This was created using the Abaqus simulation software using the computer aided design production tools.
[bookmark: _Toc134803608]3.2. The Target 
The target plate is made of aluminium and is 300mm square, and a constant thickness of 30mm. The target plate stayed consistence through the series of tests. A square was drawn to the required dimensions and using Abaqus’s CD tools, extruded to the required thickness.
[bookmark: _Toc134803609]4. Materials 	
The materials are assigned to the components though the section manager. The target plate was assigned the Johnson cook data aluminium material for the duration of the test. The BULLET_SECTION was changed between the Johnson cook data steel material and the Johnson cook data copper material. This was done by opening a dialog box from the section manager and changing the assigned material.
[image: ]
Figure 1The Section manager showing the assigned materials of each simulation object
[bookmark: _Toc134803610]4.1. Aluminium 
The values for the parameters from aluminium were gathered from the Dassault Systems Abaqus technology brief document. [1]
The details are entered using the edit material dialog box shown the figure 2 each parameter is entered into material behaviour sub menus.
[image: ]
Figure 2 the window shows the 'edit material' dialog box, used to build material parameters for simulation
	

The table shows the parameters information that was added in the other sub menus. All these parameters inform the Abaqus software on how to simulate the material accurately. 
Table 1 Aluminium parameters
	Mass Density (kg/m3)
	Young’s Modulus
	Poisson’s Ratio
	A (MPa)
	B (MPa)
	n
	m
	Melting Point (K)
	Transition Temperature (K)

	2710
	7x1010
	0.334
	324.1
	113.8
	0.42
	1.34
	900
	293


 [1]
[bookmark: _Toc134803611]4.2. Steel
The process for creating an aluminium material database was repeated for steel. The Values used for the steel material parameters were gathered from the MatWeb website, and online resource with a vast amount of material property information. [2]
Table 2 Steel Parameters
	Mass Density (kg/m3)
	Young’s Modulus
	Poisson’s Ratio
	A (MPa)
	B (MPa)
	n
	m
	Melting Point (K)
	Transition Temperature (K)

	8050
	2.1x1011
	0.28
	792
	510
	0.26
	1.03
	1793
	293


 [2]
This table shows the Johnson-Cook damage parameters.
Table 3 Steel Johnson-Cook damage parameters
	d1
	d2
	d3
	d4
	d5

	0.05
	3.44
	2.12
	0.002
	0.61


 [1] 
[bookmark: _Toc134803612]4.3. Copper
The values shown in the below tables were used to create an accurate profile for the copper material. This material was assigned to the projectile object in the second run of simulations.

Table 4 Copper parameters
	Mass Density (kg/m3)
	Young’s Modulus
	Poisson’s Ratio
	A (MPa)
	B (MPa)
	n
	m
	Melting Point (K)
	Transition Temperature (K)

	8913
	1.1x1011
	0.33
	90
	292
	0.31
	1.09
	1356
	293


[3]
This table shows the Johnson-Cook damage parameters for the copper material.
Table 5 Copper Johnson-Cook Parameters
	d1
	d2
	d3
	d4
	d5

	0.54
	4.89
	-3.03
	0.014
	1.12


 [4]   
[bookmark: _Toc134803613]5. Jobs
This table shows the ‘jobs’ or simulations that were ran though the Abaqus physics simulation software package. Once the jobs have been submitted, they run to completion, or automatically abort the simulation if too complex. If Abaqus was able to run a section of the simulation, the results up to failure can be viewed. The results of the simulation can be seen as an amination in the ‘Visualisation’ mode of the software.
Table 6 Simulation job parameters
	Job number
	Plate Material
	Projectile Material
	Projectile Velocity (ms-1)

	1
	Aluminium
	Steel
	900

	2
	
	
	1200

	3
	
	
	1600

	4
	
	Copper
	900

	5
	
	
	1200

	6
	
	
	1600



[bookmark: _Toc134803614]6. Visualisation 

What is stress?
According to Boston university,  ‘There are two types of stress that a structure can experience: 1. Normal Stress and 2. Shear Stress. When a force acts perpendicular (or "normal") to the surface of an object, it exerts a normal stress. When a force acts parallel to the surface of an object, it exerts a shear stress.’ [5]
What is strain? 
There are also two types of strain, according to Byju’s, 
‘Strain experienced by a body can be of two types depending on stress application as follows:
Tensile Strain
The deformation or elongation of a solid body due to applying a tensile force or stress is known as tensile strain. In other words, tensile strain is produced when a body increases in length as applied forces try to stretch it.
Compressive Strain
Compressive strain is the deformation in a solid due to the application of compressive stress. In other words, compressive strain is produced when a body decreases in length when equal and opposite forces try to compress it.’ [6]
Below is a graph from Byju’s showing the relationship between stress and strain and how they both effect a material.
[image: ]
Figure 3 Stress/Strain example chart [6]
The visualisations shown are the interpretations of each simulation job carried out, displaying both the stress values and strain values. The different colours in the simulation are showing the stress and stain levels in the projectile and the plate shortly after impact. The colour gradient key is shown on the simulation visualisation. 
[bookmark: _Toc134803615]6.1. Steel Projectile
[bookmark: _Toc134803616]6.1.1. 900ms-1
Stress
[image: ]
Figure 4 Stress Values
Strain
[image: ]
Figure 5 Strain Values
[bookmark: _Toc134803617]6.1.2. 1200ms-1
Stress
[image: ]
Figure 6 Stress Values
Strain
[image: ]
Figure 7 Strain Values
[bookmark: _Toc134803618]6.1.3. 1600ms-1
Stress
[image: ]
Figure 8 Stress Values
Strain
[image: ]
Figure 9 Strain Values

[bookmark: _Toc134803619]6.2. Copper Projectile
[bookmark: _Toc134803620]6.2.1. 900ms-1
Stress
[image: ]
Figure 10 Stress Values
Strain
[image: ]
Figure 11 Strain Values
The below figure shows a good example of conical sheer in the Aluminium plate when impacted by the copper projectile at 900ms-1. 
[image: ]
Figure 12 Conical Sheer example
[bookmark: _Toc134803621]6.2.2. 1200ms-1
Stress
[image: ]
Figure 13 Stress Values
[bookmark: _Toc134803622]6.2.3. 1600ms-1
Stress
[image: ]
Figure 14 Stress Values
Strain
[image: ]
Figure 15 Strain Values
[bookmark: _Toc134803623]7. Results
A point in the simulations can be interpreted into graphical data result in Abaqus. The Graphs below show the velocity of the projectile tip over the time of the simulation running.
Copper Projectile with a velocity of 900ms-1 into an aluminium plate.
[image: ]
Figure 16 Velocity Time Graph

Copper Projectile with a velocity of 1200ms-1 into an aluminium plate.
[image: ]
Figure 17 Velocity Time Graph
Steel Projectile with a velocity of 1600ms-1 into an aluminium plate.
[image: ]
Figure 18 Velocity time Graph
[bookmark: _Toc134803624]8. Conclusions
On completion of the simulations ran through Abaqus, and the following analysis of the visualisation results. It can be seen that both, with the increase of speed of a projectile, and with the increase of density/hardness of the projectile, greater stress and strain interactions between the projectile ad target plate can be observed. 
References

[1] 	Dassault Systems, Simulation of the ballistic perforation of aluminum plates with Abaqus/Explicit, Dassault Systems, 2012. 
[2] 	MatWeb, “Steel,” MatWeb, [Online]. Available: https://www.matweb.com/search/QuickText.aspx?SearchText=steel. [Accessed March 2023].
[3] 	D. M. I. e. al, “Determination of Johnson-Cook material constants,” IOP Conference Series: Materials Science and Engineering, p. 12, 2021. 
[4] 	R. Gopisetti, “Johnson-Cook Failure for Copper,” Ansys Innovation Space, 01 05 2021. [Online]. Available: https://forum.ansys.com/forums/topic/johnson-cook-failure-for-copper/. [Accessed 2023 03 01].
[5] 	P. D. P. Holmes, “Mechanics of Materials: Stress,” Boston University, [Online]. Available: https://www.bu.edu/moss/mechanics-of-materials-stress/. [Accessed 01 April 2023].
[6] 	“Stress And Strain,” Byju's, [Online]. Available: https://byjus.com/physics/stress-and-strain/#what-is-strain. [Accessed 01 April 2023].




14

image1.png




image2.tmp
2 Section Manager





image3.png
Physics assignment results - Word Hayden Gibbs (2021185) (3]

Ele Model Viewport View Mterial Section Brofie Composite Assign Speciol Featwre Tools Plugins Help W7

DESESE &)+ CRENE AR Vb G09T 856 0

-8 x
Insert  Design  Layout  References  Mailings

@®

Find -
Calioi Body) ~|11_~| A" A | A2~ | & AaBbCCDC| AZBBCCDC AQB assbcer asbeeo aasbeend AaBbCCDC AaBbCCDC AnBsCcDE AaBboeD g Model Resuts| Moteri Module:[TProperty | Modek [T Model-1 1| Pt [Splte |
Paste - - - lormal lo Spac. leading leading itle ubtitle ubtle Em. ‘mphasis  Intense rony uote Intense ubtle Intense Re. ook Title |5 : - o
e o pame | BT U X E2N TNormal | TNoSpac.. Heading! Heading2  Tle  Sublile SubticEm.. Emphasis ImenseE.  Stong  Quote  InfenseQu SubtieReh IntenseReu BookTile = B e Y G
Clipboard r. Font 5 Paragraph 5 Styles } - 548 Models (1) T
Max principle Copper proj, ali plate, 900ms Name Creste. || | Moder 2 Edit Moterl
= = Lreo | 3LE
STEEL B Mot | g pm Name: ALIC
atuminium_simple Copy.. & Colbatons | == = Descrpt
copper)C Rename... 8 Sections ) | B Y,
& Profiles
Delete.. B roeny | B Material Behaviors
Johnson-Cook Damage
[Faioeier o Sicps @) — 5
isory Outpl (] Density
s Time Points | | Elstc
By ALE Adaptive Pastic

T Interactions (
= Interaction Pr
# Contact Cont Johnson-Cook Damage
Ji Contact nitia
Contact Stabi i=dSuboptrons
o] Constraints | _,_ |
B connectorse Melting Transition Reference
F Fields Temperature  Temperature Strain Rate
Py Amplitudes ) B 1
4 Loads o A
L ecs() 243
[ Predefined Fie ™« T
B Remeshing Rl
BX Optimization
Il Sketches
& Annotations
E%% Analysis
2 Jobs (11)
B Adaptiviy Proce:
B8 Co-executions
#X Optimization Pro

General  Mechanical Thermel Electrical/Magnetic

Material

< > & simauLia
] [Toe nedel database "C:\Ueors\2021165\OnebrvenabsHOcranplel_refined V2 STEEL BULLET (1).cae" has boen cpened

Pagedofs 119words [ Engish (United Kingdom)

P Type here to search





image4.png




image5.png




image6.png




image7.png
@Bwys

Breaking
stress

Elastic limit/

Yield point
Proportional Lower-yield
limit point

Fracture
point

Stress —»

Plastic Region

Strain —»

Permanent set < 1%




image8.png




image9.png
Physics assignment results - Word Hayden Gibbs (2021185) (1

Insett  Design  Layout  References  Mailngs  Review  View  Help -
o LEE=E g+ STRENEAIRM H
Ir ) - LA A 'Y ~ ind = Bl B
Calioi Body) ~[11 -| A" A Aa naBbCcDe| AaBbCcde AaBbC( AasbCel QDB Asebect a0BbCcD. AcBbCcD: 40BbCD. AaBbCEDC A0BBCD. AGBBCD. AABSCCDL AABBCCDL AGBBCCD( — oy replce Model  Results Module: [£ Visuslzation || Modek |2 C/temp/1ob-6-900.0d6
Paste e B I U s x| AW 2+~ | INomal | TNoSpsc.. Headingl Heading2  Tle  Subtile SublleEm. Emphosis IntenseE. Stong  Quote IntenseQ.. SublleRel. IntenseRe. BookTile < ¢ e o g
Cipboara 5 Font 5 styes 5 eiting ~ Output Databases (1 ! rinci
. @ ] S oup g S S, Max. Principal
< L £t S Model Database (1) (Avg: 75%)

0 spectrums ()

+1.707e+10
+9.000e+08

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

Lo B T D

S — B 120
BRI g = as0i0n I paths F2to0et 08
s R J— -1.206e+08
- FreeBody Cuts -8.010e+08
@ Streams -1.141e+09
BE Movies -1.481e+09
Images -1.822e+09
-2.162e+09
-2.502e+09
-2.842e+09
182e+09
Ali plate, steel bullet 900
obB o 0] A
g >

Job Job-6-300: Analysis Input File Processor completed successfully

] 355 700767500: Abague Explicit Packager comploted suocessfally
Job Job-6-300 Abaqus/Ezplicit completed successfully

Page1of1 T3words [2 English United Kingdom) % [533] | Job Job—6-900 completed successfully

P Type here to search

B

) Visualization defautts | () + ea 41 1> DM & Primary (S

oo ponc] &
M q

v e BHO

5 simuLia





image10.png




image11.png
Physics assignment results - Word Hayden Gibbs (2021185) (1

b= G lomn BEs Mo Bew G B ©Emesmmos

- DEESE &+ «EBNEE AN Y
B Calibri (Body) -|11 -] A° nasbcedc| asmbcede AaBbCc AaBbCet AQB assbcer acsbcen: acabeep: Acabceo: AsBbecde Aasbcco ATEDCED ABSCADE ANBRCCDE AdBBGADN | g o Model Results Module: [5 Visulzation | Modek 3 Gtemp/Job-5-900.0d
e e BT U TNormal | TNoSpac., Hesding1 Hesding2  THe  Subfile SubtleEm.. Emphsis InenseE  Siong  Quote IntenseQu. SubteRe InenseRen, BookTile = ¢ "~ el o
Gipboard 5 Font syies 5 caiing 989 Output Databases (1 g 8L, s, 523
ot =] 965 Model Database (1) (Avg: 75%)
0 Spectrums (7) Ly +1.162e+10
XWPlots i +1.000e+09
£ Xv0ats 3 -5.888e+07
523 L paths . -1.118e+09
o ey | 2i77etoe
B Free Body Cuts o L= -4.294e+09
B Streams 5 -5.3532+09
I Movies -412e+09

Images -7.471e+09
-8.530e+09

589e+09

-1.065e+10

-1.171e+10

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

@ T T T

< >

=] 0 [3h doprenant: dealysie Tonur File Processer comploied cueeres
Pagelof1 16words [2 English (United Kingdom) 90 Job Job-6-300 completed successfully

k)

P Type here to search

B

) Visualization defautts | () + ea 41 1> DM & Primary (S

e

5 simuLia





image12.png




image13.png
Document] - Word Hayden Gibbs (2021185) [ od
Ele Model Viewport View Resut Plot Animate Report Options Tools Plugins Help W SIEIF

DEESE gt KREUEA MM

Insert  Design  Layout References

s M| Max. Principv |\

. : . Find ~
Calibri Body) |11 -| A" A" | A2~ R0 S-S AaBbCcDc| AaBbCcDC A AQB aasbcer agsbeen: aasbeen: AaBbCCDC AaBHCCD AABBCCDE AaBboed g Model | Results ke b sBD
P e B I U x = 22| Thomsl | ThoSe. Headng) Headngd T  Subie Subefm. fmphoss ImeweE. Swong  Quote itemeQ. SublleReh. nemseRe. BookTe 1| [0 sl = )
@ 5 - 5 B 5 syes 5 kiting ~ (58 Output Databases (1 S, Max. Principal
95 Model Database (1) (Avg: 75%)
@ @ spectrums () +2.16%+10
[ XYPlots +3.914e+08
B w0t 5800408
L paths By CHciOs
(94 Disply Groups ) | g 126150108
Free Body Cuts 3 122886108
@ streams +1.962e+08
 Moves o 637e-+08
T oo +1311et08

+9.861e+07
+6.607e+07
+3.354e+07
+1.000e+06
4e+09

N 5| [ 1X] Drag the mouse in 3 viewport to pan the view 25 simuLia

The nodel database "C:\Users\2021185\OneDrivenabsHG\exanplel_refined_V2_STEEL_BULLET (1) cae’ has been opened
Warning: The user-specified Contour Max value nust be greatsr than the auto-computed Contour Min value
The user-specified Contour Max value has been reset to the auto-computed Contour Max value

Pagelof 1 Owords English (United Kingdom)

P Type here to search




image14.png
Abaqus/CAE 2022 - Model Database: C:\Users\2021185\OneDrive\absHG\example1_refined_V2_STEEL BULLET (1).cae [Viewport: 1]

) Fle Model Viewport View Result Plot Animate Report Options Tools Plugrins Help

DEE®E &+ e KL UlE alRM v @ o B0 B T Visuatzation defauits | () </ 11 Wa a1 1> wy1: B primary |5 M[sz M
= - — Find -
ﬁ Calibr (Body) -[11 <| A A7 Aa- 0 iZ-iT- L1 | nasbcene| Aasbcene AQB assbcer asbeeo aasbeend AZBbCCDC AGBBCCD( AsBBCCDC AaBboed g Model | Results Module: [£ Viuslization Y| Modek [3 Ci/termp/JOBS+1084 PLUS spH.ocb |- Hkaa pw|s@D
Pate o bame BT U X AW A o - | TNomsl |TNoSpsc. Heoding! Headng2  THe  Subiie Subtefm.. Emphass InenseE.  Swong  Quote IemseQ. SubtleRel. lemseRe. BookTWle - E— L]
Gipbowrd Font = Faragaph 5 styes 5 Eating ~ (@83 Output Dtabases s, 523
5155 Model Database (1) (Avg: 75%)
D%Spmmms m +6.980e+09
XYpits 3 +6.000e+08 3
£ xvoata Y +5.213e+07 N\ A \\v =S
I o Y “4657e 08 }‘. SN
(5554 Display Groups (1) -1.044e+09 ‘
Max principle, aluminium plate, Steel bullet B Free Body Cuts ﬁﬁlﬁigg \\, '
= e & steams -2.687e+09 >0\ /4 Y
B vovies 2350100 7 4

B images =] e+09 N 7o
N = AN
EE AL ey ps
:
" G

G

X]

5 simuLia

< >

The nodel database "C:\Users\2021185\OneDrivenabsHG\exanplel_refined_V2_STEEL_BULLET (1) cae’ has been opened
Warning: The user-specified Contour Max value nust be greatsr than the auto-computed Contour Min value
The user-specified Contour Max value has been reset to the auto-computed Contour Max value

Pagetof1  6words [ English (United kingdom)

P Type here to search ;




image15.png
Insert  Design  Layout  References  Mailings

Gody T o1& & | Aae | A -

o Calibri Body) -|11 -| A" A" Aa 9 | naBbeene| asBbeepe AaBbC( AaBbcct AQB assbeer aasbeene aaBbeend

Pate o bante B T U eex x Ao A- = 1= &-0- | TNomal |TNoSpac. Headingl Heding?  Tle  Subtie SubtleEm. Emphasis
Gipboard 5 Font 5 Paragraph 5

Styles

Ali plate, steel bullet 1600

Page20r2 2iwords L2 Engish (United Kingdom)

DFind -
AGBLCEDI AABSCCD ANBOCCDT AGBECED|_| | gp oL
SubtleRef. Intense Re.. BookTitle || [ ¢ -
5 Editing -~
Step-1
Step-1:0 Step-1: 20
1 g |

Basic Color&Style Limits Other

Note: User-defined interval values override.
the settings below.

Min/Max

Max: O Auto-compute (5.20463¢+10) [ Show location
® Specify: |9E+08

Min: © Auto-compute (-7,66824e+09) (] Show location
O specify: |-7.66824E+09

Auto-Computed Limits

Wihen auto-computing animation fimits:

Use limits from allframes =

oK Apply Defaults Cancel

[533] | Job Job-7-1600 completed successfully

3 Abaqus/CAE 2022 -
= File Model

LEE=

Model Results

Model Database: C:\Users\2021185\OneDrive\absHG\example1_refined_V2_STEEL BULLET (1).cae [Viewport: 1]

wport View Result Plot Animate Report Options Tools Plug-ins Help K?
e CLENE A A

Module:[£ Visualization | Modek: 5 C/temp/iob-7-1600.0db

B 0c

B

Sessiol] v

& Output Databases (2
& Model Database (1)
0 Spectrums ()

S, Max. Principal
(Avg: 75%)

+2.625e+10
B XVPlots 49,001

£ Xv0ats 3 1

I paths

@F{ Display Groups ()
£ Freeody Cuts

&

878: Step Time = 2.5020E-04
Var: S, Max. Principal

5 Drag the mouse in a viewport to pan the view

Job Job-7-1600: Analysis Input File Processor completed successfully
Job Job-7-1600: Abagus/Explicit Packager completed successfully
Job Job-7-1600: Abagus/Explicit completed successfully

P Type here to search

s

Visuslization defauts \v| () ~|: kea 41 1w : |

Primary

Ms

| o prncion] &
e oqa

5 simuLia




image16.png
ignment results - Word Hayden Gibbs (2021185)

Help N?

B9

. e i o " " 0 . ) Qs [E] File Model Viewport View Result Plot Animate Report Options Tools Plug-ins
ajout  References  Mailngs  Review  View Help ) Tell mewhatyouvanttodo Q share -
LDEE= pe CLEINEE A
P Find ~ _—
AaBbeeD| AaBbceDe AaBbC( AaBbccl AQ DB aasbcer aasbeep: AaBbCED: AoBbCcD. AaBbCCDC AaBbCCD AaBbCID AABOCCOL AGBBCADC gy oL Model  Results Moduie: [3 Viuslzation v| Modet: [2/C:temp/lob-7-1600.0db_|
TNormal | TNoSpac.. Headingl Heading?  Te  Subtile SubtleEm.. Emphasis IntenseE. Stong  Quote IntenseQ) Intense Re..BookTite s ¢ R
5 Edting T ~ [98 Output Dtaboses € g &, s, 523
& Model Database (1) > (Avg: 75%)
0 spectrums (7) +1.172e+10
XPots +1.000e+09
B 00ta +2.873e+08
E L
g Disy roups “i0sEE P
e = Display Groups (1) -1.851e+09
B Free Body Cuts T
Step-1 & sueams 276e+09
e B Movies 989e+09
' B mages -4.702e-+09
5.415e+09
127e+09
-6.840e-+09
2 Contour Plot Options X -7.553e+09
Basic  Color&Style  Limits | Other
Note: User-defined ntervalvalues override
the settings below:
Min/Max
Mac: O Auto-compute (117216e+10) L] Show location
@ speciy: [ 1609
Min: © Auto-compute (-107821e+10) L] Show location
O specify: |-1,07821E+10
p— 1
When auto-computing animation imits:
Use limis from all frames g
oK Aoply Defautts | [ Cancel
obB
B R Drag the mouse ina viewportto panthe view

Job Jb-7-1600; Analysis Iuput File Processor completed suooessfully
b 358 7o771600: ABaque Esplicit Packsger conpleved successtully

Pageior2 24words L2 Engish (United Kingdom)

P Type here to search

Job Job-7-1600: Abaqus/Esplicit completed successtully
[533] | Job Job-7-1600 completed successfully

B

 Visualzation defaults | @) + |1 ke 1 1> D i By primary |5 Msz M
il T
I
5
B \ |
e 20

5 simuLia





image17.png
[E] File Model Viewport View Result Plot

LEESE )+ c LK

b= Gz lomn s (Nnm  Pue Gm B O sarmimeoed 2 share

eDrive\absHG\example1_refine EEL_BULLET (1).cae [Viewps

Animate Hlp N

NEE AR H Chw 9090

Report Options Tools Plug-ins

P A P — P Find ~
Calibri (Body) - |11 - 2009 | nagbeene| assbeene AaBbCc AsBbCcl AQD asebcer AcBbced AcBbCcD( AaBbCcD. MaBBCCDC AaBbCcD: AaBDCCD AABSCCDL AABSCCDL AABBCCD: || s replce Model  Results Module: [Z Visuslzation
Paste - 3 - - lormal lo Spac. leading leading itle: ubtitle ubtle Em. m| Intense. rony uote Intense ubtle Re Intense Re. ook Title o o
e omatpaimer | B T U v X X L[~ | TNomsl | TNoSpsc.. Headingl Headng2  Tle  Subtle SubtleEm.. Emphasis IntenseE. Stong  Quote IntenseQu SubtleReh. IntenseRe. BookTile <) ey s -
Model Database (1) (Ave
Spectrums (7)
B XVPlots
B xvData
[ Paths
©1P%g Display Groups (1)
B Free Body Cuts
& Streams
& Contour Plot Options X || Movies
g
Basic Color&Style Limits Other B imes
. Note: User-dfned el oeride
— = Fotloctho
R Min/Max
> Max: O Auto-compute (477826¢+09) [ Show location
= - @ Specify: |1E+09
Min: O Auto-compute (-528235¢+09) [ Show location
© Specify: |-2E+09
JR—
[ ————
[ T— g :
5 an
g 1=
<
o o] (o] (G
e
Max principle Copper proj, ali plate, 900ms
o >

the nessage fils
B 5ok FoR16700 500 no_de1

Evror in b JobId Cu_ 900 no det
5] S5 Tebi.Cu 300 na sl sborted

Pagedofs 1i3words [ Engiish (United Kingdom)

P Type here to search

M Mode: [ ctemp/iob10_Cu_900_n0_del.odb ]

S, Max. Principal

75%)
+4.778e+09
+1.000e+09
+7.500e+08
+5.000e+08
+2.500e+08
+0.000e-+00

500e+08
-5.000e+08
-7.500e+08
-1.000e+09
-1:250e+09
-1.500e+09
-1.750e+09
-2.000e+09
-5.282e+09

[ JHCToXC)

) B B2 58 | Visualization defaults | () + i ea @1 1> DM

Bes primary  M|s M) Max. Principv | &

KA > B BHOD
3 Frame Selector X ‘
Step-1
Step-1:0 Step-1: 650
212 ® | ®

Abaqus/Explicit sborted dus to errors

Abaqus/Explicit Analysis exited with an error - Plesse see the
due to errors

status file for possible error messages if the file exists

5 simuLia





image18.png
5 Abaqus/CAE 2022 - Model Database: C:\Users\2021185\OneDrive\absHG\example1_refined_V2_STEEL BULLET (1).cae [Viewport: 1]

Physics assignment results - Word Hayden Gibbs (20211
[E] File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help K?

LEE= P URBINEE AR H s H (T

Module:[£ Visualization | Modek: 5 C/temp/iob10_Cu 900 no_delodb

% Visuslization defauts | @)~ ket a1 > Wi B lprimary s M3 M

B

b= Gz lomn s (Nnm  Pue Gm B O sarmimeoed

P Find -

Calibri (Body) ~|11 -| A A Aa- A AaBbeeDc| AaBbcede AaBbC( AaBbccl AQ B Aasbcer aaBbeep AaBBCCD: AcBbCcD. AaBbCCDC AaBBCCDC AaBbCCD. ARBECCDT AABBCCDL AGBBCCD( B repice Model | Results
Pajte ~ Formatpainter | B 1 U s x AW i TNormal | TNoSpac.. Headingl Heading2 — Title Subtitle  Subtle Em... Emph: IntenseE. Strong Quote Intense Q.. SubtleRef.. Intense Re.. BookTitle < g ool o —
mEm o soes 5 e N rree— 5 =
Model Database (1) 2 (Avg: 75%) ‘
Spectrums (7) 11.067+08 Step-1
+5.000e+07 iz Step-1:0 Step-1: 650 __
B9 xvData +3.055e+07 LI
L Paths +1 11”0e+0]
5P Display Groups (1) jgz;ggeig‘;
B Free Body Cuts 3 15%er0y
gsm.“s i -6.671et07
. . Movies v -8.616e+
S23 Copper proj, ali plate, 900ms mages “1.056e+08
n -1.251e+08
-1.445e+08
-1.640e+08
-1.834e+08
o 0 P
Stmial e \ ia f AEFIFI,
\ \ IR 1N i AN |
] i J ‘
1 = i
obB o 0] 00 o el.o A 0] o 0] )} e 20
eme e e 0 0
< > 2 simuLia
the nessags file .
[ | Job 3551870 300 no del: Absqus/Esplicit sborted due to ervors
“tatus file for possible sreor asssages if the file exists

_300_no_del: Abagus/Explicit Analysis exited with an error - Please see the

Error in job Jobil
51 aborted due to errors

+ 250% [535] | Job Job10_Cu 300_:

@ 10°C Mostysumy A I 4

Page4of4 1llwords [J& English (United Kingdom)
P Type here to search





image19.png




image20.png
Paste

= Format Painter

Clipboard

Page3of3

107 words

Insert

Calibr Body) - [11

B I U-asexx A-¥-A-

&

Layout  References

Mailngs ~ Review  View  Help Tell me what you want to do

Physics assignment results - Word

JK & Aa- | A s - HFind -
LY 2119 | nasbcene| aasbcene AaBbC( AsBbCct AQB Aasbeer acsbeede aasbeeDc acsbcc AaBbCede AaBbCD. AaBbCDi A AamRCcor AaBbeaDe | o
(- | Nomol | TNoSpoc. Headingl Heading2  Tue  Subtile SubieEm. Emphasis ImenseE. Stong  Quote IntenseQ. SublleRef.. InenseRe. BookTie - [
Font - Paragrapn 5 styes 5 Eating o
B 3 2\
L {F
an

S23 copper proj, ali plate 1200ms

Sheer S23 Copper proj, ali plate, 900ms conical sheer example

Max principles

Engish (United Kingdom)

+ 250%

) fle Model Viewport View Rek Plot Animate Report Options Took Plugin: Help K

LEE= el N

NS AL KA

Module: £ Visuslization

Model Results
Sessiol] v

% & Output Databas
2 & Model Database
@ [ Spectrums ()
XYPlots
B xvData
[ paths
224 Display Groups (1
B Free Body Cuts

& steams
B Movies
B mages
i)
a
&
[ =
a
< >

o [ e

(Avg: 75%)

M Mode: [ ctemp/iob10_Cu_900_n0_del.odb ]

B9

+2.313e+08

+5.000e+07

+2.86%e+07

B pimary 1|5

+7.387e+06

914e+07

-1.205e+08

-1.418e+08

1e+08

1.
-1.844e+08

-2.057e+08

Use the Create Display Group dialog.

Job Job10_Cu_900_no del: Abaqus/Explicit aborted due to errors

Error in job Jobl0_Cu_900_no_del

g |
T I A A A
/I’ ///// ///////////////
I //////////////
// !/ !/ !/ !/ // [ AR T
& siauLia

[53] | Job Joblo_Cu_300_no_dsl aborted due to errors

P Type here to search





image21.png
Physics assignment results - Word Hayden Gibbs (20211

LGS

b= Gz lomn s (Nnm  Pue Gm B O sarmimeoed

[E] File Model Viewport View Result Plot Animate

<

Report  Options

NEE AR

Tools

5 Abaqus/CAE 2022 - Model Database: C:\Users\2021185\OneDrive\absHG\example1_refined_V2_STEEL BULLET (1).cae [Viewport: 1]

Plugins Help N

H @ T TG

=
P Find - LEES

<O AGBDCcD( AGBDCcDC AGBbCcD( AGBRCCDC AaBbCcD( AGBCCD( AABSCCDT AABSCCDT AGBDCADN | gp oo Model  Results

Quote Intense Q.. SubtleRef. Intense Re.. BookTitle < | ¢y ool &

s
20T napbcene| asboede AaBbCc Assbcet AQB as
[ | TNomal | TNoSpac. Heodingl Heading?  Te  Subiile Subtiefm.. Emph

Calibri (Body) |11 ~| A" A" | Aa~
Itense .. Stiong

Paste B I U-akx X

~ Format Painter
5 Eding ~

Output Databases (2
Model Database (1)

Spectrums (7)

Styles

Clipboard 5 Font

FERTIRY Ty

f B 00ta
3 L, Paths
E,4 Display Groups (1)
p B Free Body Cuts
= & steams
B Movies

Images

Max principle copper proj, ali plate 1600ms

Max principle copper proj, ali plate 1200ms

< >

the nessage fils
B 5ok Fo55 T 1300 no ae1

Erzor in job Jobd
+ 250% [555] | Job Job3_Cu 1200

Page3of3 8words [[%  English (United Kingdom)
P Type here to search

S, Max. Principal

(Av

1200_no_del

75%)
+9.406e+09
+9.406e+07
+1.955e+07
-5.496e+07
-1:295¢+08
-2.040e+08
-2.7850+08
-3.530e+08
-4.275+08
-5.020e+08
-5.765+08
-6.510e+08
-7.2550+08
-8.001e+08

.001e+09

Module:[£ Visualization | Modek: [, C/temp/iobs_Cu_1200_no_del.odb

| Visualization defautts M () | kea @1 1> DM

B

Step-1

212

B primary |5

)

Step-1:0 Step-1: 537
|

Abaqus/Explicit sborted dus to errors
Abaqus/Explicit Analysis exited with an error - Plesse see the

2] aborted due to errors

status file for possible error messages if the file exists

@ 10°C Mosty sunny

| o prncion] &

v e BHO

5 simuLia





image22.png
‘Abaqus/CAE 2022 - Model Database: C:\Users\2021185\OneDrive\absHG\examplel _refined_V2_STEEL BULLET (1).cae [Viewport: 1] - X

) File Model Viewport View Resut Plot Animate Report Options Tools Plugrins Help

BIEE YT 1NN Y 2990

Visualization defaults V| () ~|: lea 41 1> DM 2.~ Primary  M|[S | Max. Principiv| &

E E Find -
c ) AaBbCcDc| AaBbCCDC AaBbCCC AaBbCcDC AaBbCCDC AaBbCcDC  4aBHCCD( AABBCCDL AaBbCeD Model  Results Module: [2 Visualization | Model: [2] C:/temp/job8_cu_1600+_no_delodb ] KA Do B ©
aibri @ody) <11 | A AaB e, =

POt rormatpainter | B 1 U 7w X X TNormal | TNoSpac.. Heading1 Heading2  Title Subtitle  SubtleEm.. Emphasis IntenseE; Strong Quote Intense Q... SubtleRef... IntenseRe.. BookTtle < | |\ o P—— ¢ maEg

Clipboard & Font Styles . Editing ~ @ &8 Output Databases (2 . a S, Max. Principal s
985 Model Database (1) (Avg: 75%) tep-
o Specems 0 . - Step-1:0 s
B XVPlots +4.2486-+07
B8 xvData +2.972e+07
I paths +1.697e+07
s p— +42162+06
£ Free Body Cuts BoE s A0
& streams 404e+07
B Movies -4.680e+07
B Images -5.955e+07
-7.230e+07
-8.505e+07
781e+07
-1.106e+08
-2.062e+10
#
3 a
b B
o [ Y= VT
¥ : i S >
i)
a
S23 copper proj, steel plate
< 5 X| Drag the mouse in a viewport to pan the view & simuLia
the nessege file &
b 5ok 3558750 16004 no_del: abagus/Esplicit sborted dus to srrovs
Eoron in 3B 006 oa 16004 mo dol; Abaque/ERplicit Analysis crited with en crror - Flease see the status file for possible error nessages if the file exists
Page3of3 TAwords [¥ English (United Kingdom) Job job8_cu_1600+ no_del aborted due to errors v

P Type here to search Partly sunny




image23.png
PROTECTED VIEW Be careful—files from the Interet can contain viruses. Unless you need to edit, its saer to stay in Protected View, Enable Editing

Now we have completed creating two materials, we can create the corresponding Sections

CREATE SECTION:

"neocaoM

And select the aluminium material to associate with this aluminium section;

Edit Section X

Name: ALUMINIUM_SECTION
Type:  Solid, Homogeneous

Material: M

[ Plane

Steel
oK Cancel

Now repeat this process to create a section called STEEL_SECTION which has the Steel
material associated with it.

Page140f39 1238 words

Abaqus/CAE 2022 - Model Database: C:\Users\2021185\OneDrive\absHG\example1_refined_V2_STEEL BULLET (1)

3 Fle Model Viewport

BIEE YT 1NN Y 2990 [CYOLCY N1

View Result Plot Animote Report Options Tools Plugins Help W

7 Visualization defaults V| @ v : 144 41 > DM B primary |5 M523 M
Model Results Module:[£ Visualzation | Modek: 5 C/temp/job8_cu_1600+_no_del.odb KO a4 o (2] o]
sesil] ¢
& Output Databases (¢ s, 523
S Model Database (1) (Avg: 75%) Step-1
T Spectrams (1) +2.013e+08 22 — S ———
B 1Plots +4.248e+07
£ x0sts +2.972e+07
I paths +1.697e+07
= Sroups (1) +4.216e+06
%4 Display Groups (1 e
& Free Body Cuts 51500107
B Streams 404e+07
I Movies -4.680e+07
& images -5.955e+07
-7.230e+07
-8.505e+07
781e+07
-1.106e+08
-2.0382+08
< 5 [5] Drag the mouse in a viewport to pan the view 25 simuLia
the nessage fils B

Job jobf_cu_1600+ no_del: Abaqus/Explicit aborted due to errors
Error in job jobf_cu_ 1600+ no del: Abagus/Explicit Analysis exited with an error - Please ses the status file for possible error nessages if the file exists
Job job8_cu_1600+_no_del aborted due to errors v

P Type here to search Partly sunny




image24.png
File

Home.

Insert

Design

Layout

References

Mailings

Review.

View

Help

Q Tell me what you want to do

) fle Model Viewport View Rek Plot Animate Report Options Took Plugin: Help K

DTEmE S e «LENEA RN Me @ Oins: 9 @

Q) PROTECTED VIEW Be caefui—fiesfrom the Inemet can contan viruss.Unless you need to e, s safe 0 stay in Protected View. | Ensble Ecting x
BTy Y JFY RO T
bas
2 XV Datafrom 0D Field Output x

Paged o6

62 words

08 1000mp1_50h o Abaq Bl IOEIERENGE 018+ 100 28 1011712 i st

The select PLOT:
DIES AR+ O <CEN BA RN Hsolimsi OT0@ meom 000 0K

e o H Be]

.3

Sy
warm s@0

Steps/Frames.
Note: XY Data will be extracted from the active steps/frames | Active Steps/Frames...

Variables  Elements/Nodes
Selection

Method Edit Selection| [Add Selection| Delete Selection)

Node labels

Node sets
Intemal sets
] Highiight tems inviewport
Swvehe.. Plot Dismiss

B E B - 1 + 100%

Model  Results Module:[£ Visualization | Modek: [ C/temp/iob10_Cu 900 no_del.odb

@iooeo R

B2) : & Visualization defautts || () ~ /i ket 1 1> WM |: Bpmlprimary |5

-8 x

M Mises: M|
DRECIEY =1 ¢

Sessio] &

Y g

[x1.E3]
Output Databases (1 g &,

Model Database (1) —° |

Spectrums (7) S

B XYPlots () R

0t ) L.

[ paths =
2 Display Groups (1) | g 5,

F Reesogycus | B,

Streams =%
T Movies —p

B mages

Velocity

>

Job Jobl0_Cu_900_no_del aborted due to errors

The temporary XY data for the requested XY data extraction has been created
The temporary 1Y data for the requested XY data extraction has been created
The temporary XY data for the requested XY data extraction has been created

P Type here to search @

HlRala

¥ [x1.E-6]

lagnitude PI: PROJECTILE-1 N: 2_1
V:V2 PI: PROJECTILE-1 N: 2_1

5 simuLia





image25.png
Physics assignment results - Word Hayden Gibbs (2021185) (1 l_refined V2 STEEL |
0 [Z] File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help K? -8 x
Insett  Design  Layout  References  Mailings View  Help  Q Telme whatyouwant to do - = i =
S e DTEmE S e «LENEA RN eI micY s Mwee H&
ﬁ Calioi (Body) ~[11 | A" & A2~ b0 2009 | nagbeene| assbeene AaBbCc AsBbCcl AQD asebcer AcBbced AcBbCcD( AaBbCcD. MaBBCCDC AaBbCcD: AaBDCCD AABSCCDL AABSCCDL AABBCCD: || s - Model | Results Module: [3 Visalization | Modek 3 Gemp/1obS_Co,_1200_no_delodb 1 DRECIEY =1 ¢
Paste. - al = i .
S rormtpame B 1 U e x A% A- 1=- 2o 00 - | TNomal | TNoSpac. Headingl Heading?  THe  Subile Sublefm. Emphasis ltenseE. Stong  Quote InenseQ. SubteRel. nenseRe. BookTde o oo seicd 2 ® ® 0BG [xLcal
Cipboara 5 Font 5 Faragraph 5 styes 5 Eating 988 OupuDatabases € 8, 1.0 . . : . . .
= Model Database (1) L2
B spectrums (7) [
B XYPlots (1) :~
B8 XVData (2) L 3
L paths [N
=] Dislay Groups (1)
Fecbodycur | L,
& steams =
Vores % 0.5 g
soaa— wmee i B o
- " >
* 8 0.0F i
B K]
K >
-0.51 1
Cu 1200ms
1.0 , , , , , .
. 10. 20. 30. 40. 50. 60. [x1.E-6]
Time
——  V:Magnitude PI: PROJECTILE-1 N: 2
—— V:V2 PI: PROJECTILE-1 N: 2
< > A simuLia

status file for passible error messages if the file exists

Error in job Job3_Cu_1200_no_del: Abaqus/Explicit Analysis ewited with an error — Please see the
= Job Job3_Cu_1200_no_del aborted due to errors
The temporary XY data for the requested XY data extraction has been created
+ 200% [553] | The tenporsry XY dats for the requested XY data estraction hss been crested

Page5of5 123words [[¥ English (United Kingdom) E
= P Type here to search @





image26.png
Hayden Gibbs (2021185) B

Physics assignment results - Word

[ Fle Model Viewpot View Reul Plot Ammste Report Option: Tooks Plugrine Help X7
Vs Mmie g

Insert  Design  Layout  References  Maiings [T oR P — ; — - =
DTEmE S e «LENEA RN L Ii)m)
ﬁ Calibr (Body) -[11 | A A7 AaBbC( AsBocet AAQB Assbccr Acabceoe ambecpe Aasbcco AaBbCede AoBbCede ATEBCD AABSCCDT AMBACCDT AaBbeadx || b e Module: [£ Visuslzation 1| Modek [ C/temp/iob-7-1600.0db q DRECIEY =1 ¢
X ] < eReplace Model  Resuts E cc
P tpanter B T U x| A~ v | TNomsl | TNoSpsc.. Heading] Heading2  THe  Subfile Subtiefm.. Emphasi memscE. Stong  Quote InenseQu SubtleRef IntenseRe. BookTie = il £ 5 % Y | [ g
Clipboard © Font 3 Styles 5 Editing ~_ & Output Databsses ¢ g &, ) T T T T T
B Model Database (1) LA 1.5 4
B spectrums (7) [
BB XYPlots (1) :~
B8 XVData (2) L 3
[ pathe B,
%4 Display Groups (1
- . Fre Body Cuts B, 1.0f 4
& sueams =
Movies -
& images
0.5F g
o= = Z
8 0.0F i
I}
2
0.5 g
-1.0F g
-1.5 g
. . . . .
0.0 1.0 2.0 3.0 4.0 5.0 [x1.E-3]
Time
Steel 1600 ——  V:Magnitude PI: PROJECTILE-1 N: 2
—— V:V2 PI: PROJECTILE-1 N: 2
2
< > B8 simuLia

Errar in job jobf_cu_1600+ no_del: Abagus/Explicit Analysis exited with an error - Please see the status file for possible error nessages if the file exists

Job job3_cu_1600+ no_del aborted due to errors
The temporary XY data for the requested XY data extraction has been created
+ 200% [555] [ The tenporary XV data for the requested XY data extraction has been created v

Page5of 5 127words % English United Kingdom) g

P Type here to search






 


 


 


 


 


University of Wales Trinity Saint David


 


Dynamic Stress


-


Strain investigation


 


OME L4 


Physics


 


Hayden George Gibbs (2021185)


 


April


 


2023


 


 




         

University of Wales Trinity Saint David  

Dynamic Stress - Strain investigation  

OME L4  Physics  

Hayden George Gibbs (2021185)   April   2023    

