


Chapter 8. Numerical Simulations
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CHAPTER 9
Analytical Calculations

All material models have, in addition to the numerical simulations, been run using the
Cylindrical Cavity Expansion Theory, CCET. For more information on CCET, it is re-
ferred to Section 2.8. The same Matlab script was used in the Preliminary study, and is
given in Appendix A.

Table 9.1 is analogous to Table 8.3 in Section 8.5. The table gives the ballistic limit
velocities found using CCET and the ballistic limits from the experimental study. It is
seen that the CCET is generally non-conservative. For the NaMo results however, the
results are quite close to the experimental results. This is a result of the fact that the
NaMo material models generally are more conservative than the 10-2-0° material model.

Figure 9.1 and 9.2 show Recht-Ipson curves for the CCET results along with the experi-
mental Recht-Ipson curves.
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Chapter 9. Analytical Calculations

9.1 Results

Table 9.1: Results from analytical calculations with CCET

Plate Material model Target DFCWa vCCET
bl vexpbl Comment

[mm] [m/s] [m/s]

10 mm

10-2-0° Base 25+ 394 347 Non conservative

10-2-0°
+

hardness

Weld 0 357 335 OK

HAZ

4 358 312 Non conservative
6 356 312 Non conservative
8 346 312 Non conservative
10 363 312 Non conservative
14 382 312 Non conservative

NaMo

Base - 387 347 Non conservative

HAZ

4 334 312 Non conservative
6 315 312 OK
8 304 312 OK
10 346 312 Non conservative
14 381 312 Non conservative

20 mm 10-2-0° Base 20+ 572 484 Non conservative

30 mm 30-2-0° Base 25+ 673 581 Non conservative
aDistance from center weld.
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9.1. Results

9.1.1 Base Material
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Figure 9.1: CCET of base material
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Chapter 9. Analytical Calculations

9.1.2 Weld and HAZ
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Figure 9.2: Analytical calucations with CCET
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CHAPTER 10
Comparison of Results

Figures 10.1 and 10.2 compare the results from the numerical and analytical study. A
negative value means that the ballistic limit velocity is conservative. For each part of the
plate, the figure gives four bars. One for IMPETUS Afea running with 10-2-0° tensile test
material model, one for IMPETUS Afea running with NaMo generated material model,
one for CCET running with 10-2-0° material model and one with CCET running with
NaMo material model. No material model for the weld has been generated using NaMo.
This is seen as two empty spaces above the column Weld.

The results from IMPETUS Afea simulations of the 10 mm plate base material fits per-
fectly, with zero percent error. As discussed in Section 8.5, this is somewhat because the
model was calibrated for the 10 mm plate in the base material. It is generally seen that
the CCET gives non-conservative results, while the NaMo material model gives conser-
vative results.

The non-conservative results for the IMPETUS Afea simulations of the 20 mm and 30
mm plates are probably due to the friction. Though this gave nearly perfect result for
the 10 mm plate, the effect was too large for the 20 mm and 30 mm plates. A previous
study by Holmen and Johnsen [28], yielded conservative results for most IMPETUS Afea
simulations. These simulations were, however, performed using no friction.

As Figures 10.1 and 10.2 show, many of the results are quite non-conservative. It has
therefore been discussed using larger time steps as this would lead to more elements
eroded, and with that giving more conservative results. However, as this would have to
be consider non-physical this has been avoided. It has also been discussed using no fric-
tion to make the results more accurate, however, this could also be considered somewhat
non-physical. One possibility is to use a factor of safety, as this is the normal convention
for structural problems in the Eurocode.
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Chapter 10. Comparison of Results

Weld HAZ 4 HAZ 6 HAZ 8 HAZ 10 HAZ 14 Base

−10

0

10

20

−4

4
3

2

5

7

0

−3

−8

−14

−1

7

−3

7

15
14

11

16

22

14

7

1

−3

11

22

12

v b
l
di
ffe

re
nc
e
(%

)
10 mm plate

Impetus 10-2-0° Impetus NaMo CCET 10-2-0° CCET NaMo

NC

C

NC = Non-conservative results, C = Conservative results

Figure 10.1: vbl difference from experimental values for the 10 mm plate

20 mm plate 30 mm plate

−10

0

10

20

12
11

−2 −2

18

16

v b
l
di
ffe

re
nc
e
(%

)

20 mm and 30 mm plates

Impetus Impetus with µ = 0 CCET

NC = Non-conservative results, C = Conservative results

NC

C

Figure 10.2: vbl difference from experimental values for the 20 mm and 30 mm plates

102



CHAPTER 11
Conclusion

As there are many variables involved in ballistic experiments, a large number of tests
should be performed, for the results to be statistically significant. As the cost of experi-
mental testing is quite high, the experimental part of this thesis is limited and the results
should be interpreted accordingly. However, trends have been observed, that coincide
with the results from the preliminary study.

The literature describes the process of heat treating aluminium alloys and the following
effect on its material properties. Artificial ageing at elevated temperatures can strengthen
an alloy, overaging however leads to reduced strength. As elevated temperatures are in-
evitable with welding, overaging in the vicinity of the weld is a consequence, and we get a
heat affected zone. Tensile testing across the HAZ has not been performed in this study.
However, hardness measurments have been done. Using a simple conversion equation, it
was possible to estimate the yield strength of the material.

In addition to the tensile tests and hardness measurements, a numerical analysis of the
material properties have been performed. Using WELDSIM, a finite element software for
heat flow, the heat affected zone has been estimated. The resulting temperature fields
were used as input in NaMo, Nano Structure Model, to calculate the stress-strain curves
across the HAZ. As Figures 7.7 and 7.8 show, the results are in good agreement with the
experimental material testing.

Based on these promising results, it seems reasonable to trust the stress-strain curves
generated by NaMo. It also somewhat validates the conversion equation from measured
Vickers hardness to predicted yield stress.

Eurocode 9[34] estimates the width of the HAZ for welded aluminium structures. Table
5.2 compares the width found from hardness measurements across the HAZ, width the
tabulated width found in the Eurocode. It is seen that for the 10 mm plate, the width of
the HAZ is somewhat conservative in the Eurocode, but within reason. For the 20 mm
and 30 mm plate thicknesses, the Eurocode overestimates the widths of the HAZ by 57
% and 63% respectively. This can be considered overly conservative.

Numerical simulations using the non-linear finite element code Impetus Afea Solver have
been performed on the base material of every plate and across the HAZ of the 10 mm
and 30 mm plates.
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Chapter 11. Conclusion

The results for the 10 mm plate base material gave a nearly perfect fit compared to the
experimental results. This can be explained by the fact that the initial numerical model
was calibrated using the 10 mm plate base material, so the parameters were altered to best
describe these experimental results. Most important was adding friction to the model.
With no friction, the numerical simulations were more conservative. For the 20mm and
30mm plates, the results were non-conservative. This could be a result of the added fric-
tion from the larger contact area between projectile and target during penetration. Some
extra simulations were performed on the 20 mm and 30 mm plates, using no friction. The
results were somewhat conservative, but quite close to the experimental values.

As Figures 5.1, 5.2 and 5.3 illustrate, the width of the HAZ is constant through the
thickness of the 10 mm plate, while for the 20 mm and 30 mm plates, the width of the
HAZ varies. Because of this, a numerical model for the 10 mm plate could be modelled
with vertical segments of varying strengths across the HAZ. For the 20 and 30 mm plates,
however, a more complicated model needed to be developed. Because of the large amount
of work this would entail, such a model was only attempted for the 30 mm plate. The
model can be seen in Figure 8.16

The results from the field model of the 30 mm plate were not very satisfying. A larger
difference in vbl was expected. Results show that the field model could not describe the
effect of varying hardness and yield strength in the thickness direction. The field model
results were very similar for all simulated distances from weld center line. Since the model
was very computationally expencive, only one study was done. The introduction of a pin-
hole, a finer mesh and/or a lower tcr, might change the overall behaviour of the model.

The analytical approach, using Cylindrical Cavity Expansion Theory, proved an effective
way of finding the ballistic limit velocity. As it is a closed form solution, it requires sub-
stantially less computational force than numerical simulations. For the preliminary study,
the results were satisfactory, though somewhat non-conservative. But it gave us a good
idea of the velocity regimes necessary to achieve perforation. For the analytical study,
however, the results could not compare to the good results from the numerical study. As
Figure 10.1 shows, the results for the 10 mm plate were as much as 22% non-consrvative.

As the ballistic experiments showed little sign of fragmentation, this has not been taken
into consideration. Instead, ductile hole growth have been assumed to be the governing
failure mode.

Impetus Afea Solver with its powerful 64-node element description, has yielded good re-
sults and has been nice to work with. Few input parameters have made it easy figuring
out which parameters are doing what. The total energy loss for all simulations has been
kept below 5-10%. Holmen and Johnsen [28] had some problems with the total energy
in similar numerical simulations, but none of these problems have occured during the
work of this thesis. It seems that this problem has been resolved. The built in meshing
functions of Impetus Afea Solver have proven very accurate and versatile. Some shapes
and functions are still missing, but these will probably emerge in upcoming releases.
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CHAPTER 12
Further Work

After some discussion, the following paragraphs were suggested subjects for further in-
vestigation.

Material Testing

Tensile testing across the width of the HAZ should be performed to more accurately find
the parameters of the material model. Material testing should also be carried out for the
20 mm plate.

Ballistic Experiments

More ballistic experiments should be performed, to give a more statistically significant
foundation for the study.

Blunt Projectile

Investigate the effect of blunt projectile impact in the HAZ and weld.

Field Model

Further development of the field model to better capture the effect of the curved HAZ
through the tickness of the plate. Some improvents are suggested:

• Using a pin hole instead of a fracture criterion could remove a source of insecurity.

• Build the model with more fields of varying strength.

• A refined mesh should be investigated. However this would require developing a
1/12 model with two symmetry planes, as the computational cost is quite high.

• A lower time step should be investigated, to avoid time step erosion.

Anisotropic Material Response

For the 30 mm material testing, some anisotropy was observed. An anisotropic material
model should be investigated.
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Chapter 12. Further Work

Boundary Condition

As the boundary condition from the ballistic experiments were hard to model, in addition
to the parameter study suggesting boundary conditions to be superfluous, it has been
neglected in this study. However additonal investigation into this should be done.

Mesh Sensitivity

More investigation into the sensitivity of element size should be carried out.

Friction

Friction proved to be a quite sensitive parameter for the ballistic simulations, and further
investigation should be carried out.

Parameter study

A more thorough parameter study should be performed for each plate thickness.

Weldsim implementation

Weldsim is already being implemented in IMPETUS Afea, but it has not been tested in
this thesis. With this module implemented, finite element meshes with thermally treated
material can be directly used in simulations with IMPETUS Afea.
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APPENDIX A

CCET - Matlabscript

1 clc;
2 clear all;
3 close all;
4

5 % material constants
6 Y = 240e6;
7 E = 70000e6;
8 ny = 0.33;
9 vi = 560;

10

11 %Material constants from Wang Hoperstad 2007
12 voce_q = [72e6,52e6];
13 voce_c = [3196,29];
14

15 % APM2 bullet
16 a = 3.085e−3; % radius of projectile
17 rho_p = 7850; % density of projectile
18 rho_t = 2700; % density of target
19 l = 10.2e−3; % nose length
20 L = 16.8e−3; % shank length
21 h = 20e−3; % target thickness
22

23 V = 0.00001:0.1:(1/(sqrt(rho_t/Y)));
24

25 psi = 0.25*(((l/a)^2)+1);
26 gamma2 = (2*(1+ny)*Y)/(sqrt(3)*E);
27 gamma = sqrt(gamma2);
28 b = 1−gamma2;
29 k = @(x) ((4*(x^2))−((4*x)/3)+(1/3)) − ...

((((4*(x^2))*((2*x)−1))/(sqrt((4*x)−1)))
30 * asin(sqrt((4*x)−1)/(2*x)));
31 k1 = k(psi);
32

33 alpha2 = (sqrt(3)*(1−(2*ny))*rho_t*(V.^2))/(2*(1−ny)*Y);
34

35

36 f1 = @(x) (x.^(voce_c(1)/(sqrt(3))))./(1−x);
37 voce_sum1 = (voce_q(1)*(log(gamma) + 0.5*integral(f1,0,b)));
38

39 f2 = @(x) (x.^(voce_c(2)/(sqrt(3))))./(1−x);
40 voce_sum2 = voce_sum1 + (voce_q(2)*(log(gamma) + 0.5*integral(f2,0,b)));
41
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42 sigma_s = (1/sqrt(3))*((Y*(1−(2*log(gamma))))−(2*voce_sum2));
43

44 B = 0.5*(((1./((1−ny).*sqrt(1−alpha2))).*log((1 + ...
sqrt(1−alpha2))./sqrt(alpha2)))

45 + gamma2 − (2*log(sqrt(gamma2))) − 1);
46

47 sigma_r = sigma_s + (rho_t.*B.*V.^2);
48

49 Xdata = sqrt(rho_t/Y)*V;
50 Ydata = sigma_r/Y;
51

52 f3 = fittype(@(a,b,x) a+b.*x.^2);
53 g = fit(Xdata',Ydata',f3,'startpoint',[1,1], ...

'algorithm','levenberg−marquardt');
54

55 aa = coeffvalues(g);
56 B0 = aa(2);
57 ff = @(x) Y+B0.*x.^2;
58

59 N = @(x) ((8*x^2)*log((2*x)/((2*x)−1)))−(1+(4*x));
60

61 C = (h*rho_t*B0*N(psi))/((L+(k1*l))*rho_p);
62

63 Vbl = @(C) ...
(((2*sigma_s*h)/(rho_p*(L+k1*l)))^(0.5))*((1+C+((2*(C^2))/3))^(0.5));

64

65 Vr = @(C,Vs,Vbl) (((Vs.^2)−(Vbl.^2)).^0.5).*(1−C+(0.5*C));
66

67 Vs = Vbl(C):0.1:vi;
68 Vs2 = Vbl(0):0.1:vi;
69

70 vbl = Vbl(C);
71 vr = Vr(C,vi,Vbl(C));
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APPENDIX B
Tensile Tests - Raw Data

The following pages contains the raw data results from tensile testing. Results are given in
force against diameter reduction. Tensile tests have been performed by SINTEF Materials
and Chemistry. The raw data have also been run through a filter developed by SINTEF
Materials and Chemistry to remove noise originating from actual experiments.
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Figure B.1: Force vs. diameter reduction from 10 mm plate tensile tests
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Figure B.2: Force vs. diameter reduction from 30 mm plate tensile tests
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APPENDIX C
Hardness Measurements - Raw Data

Table C.1: Raw data results from hardness testing across weld

10 mm plate 20 mm plate 30 mm plate
DFCWa Top Middle Bottom Top Middle Bottom Top Middle Bottom

[mm] [HV] [HV] [HV] [HV] [HV] [HV] [HV] [HV] [HV]

-20 - - - - - - 88.6 - 85.8
-18 - 104 - 102 - - 87.1 - 69.5
-16 103 101 103 96.5 103 100 81.3 90.9 57.2
-14 96.2 98.2 96.8 78.1 99.9 97.5 60.7 89.7 61.3
-12 85.8 86.9 89.7 70.9 94.3 89.1 56.9 90.6 77.0
-10 73.6 80.1 79.6 75.6 87.7 73.4 69.5 87.7 75.1
-8 68.3 67.5 64.0 75.8 77.9 77.9 77.7 80.1 78.9
-7 77.4 - 73.0 - 74.3 78.4 - 70.6 -
-6 76.3 67.1 77.4 76.7 71.1 79.1 74.1 62.8 73.4
-5 - 68.9 - - 63.3 - - 59.1 -
-4 77.0 71.3 76.5 76.7 61.3 79.6 73.4 60.0 74.3
-3 - 73.0 - - 66.0 - - 62.1 -
-2 74.3 70.3 72.8 78.9 68.1 81.1 76.3 69.9 77.4
-1 - 70.5 - - 81.8 - - 84.2 -
0 76.3 69.3 75.8 78.4 84.2 80.1 77.7 85.8 73.0
1 - - - - - - - 84.4 -
2 75.8 70.1 75.6 80.3 66.4 81.2 76.7 65.7 74.1
3 - 73.0 - - 66.4 - - 62.1 -
4 77.0 70.5 75.6 79.3 62.3 76.7 77.9 - 78.9
5 77.7 68.9 77.0 - 68.5 - - 61.3 -
6 77.0 67.3 73.8 79.1 73.4 74.0 75.4 69.6 76.1
7 76.1 61.3 62.5 - 76.5 - - 77.9 -
8 63.0 65.7 68.9 76.7 80.8 81.6 73.8 83.9 76.1
10 77.0 79.1 83.6 71.3 89.4 79.1 69.5 90.9 73.4
12 87.4 88.3 91.0 70.9 97.2 70.5 59.4 91.8 62.7
14 96.5 97.2 98.2 90.9 95.5 95.5 58.9 92.4 58.5
16 104 103 104 99.8 102 98.8 78.6 91.5 73.0
18 - - - 105 104 101 87.4 - 89.1
20 - - - - - - 87.4 - 92.7
aDistance from center weld
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Table C.2: Raw data results from hardness testing in
thickness direction of base material

DFBPa 10 mm plate 20 mm plate 30 mm plate

[mm] [HV] [HV] [HV]

0.5 110 106 89.1
2 109 107 86.6
4 110 107 89.7
6 110 106 88.6
8 110 106 88.9
10 - 103 90.0
12 - 105 91.2
14 - 105 89.4
16 - 105 90.9
18 - 104 89.4
20 - - 90.9
22 - - 89.1
24 - - 89.4
26 - - 88.3
28 - - 88.6

Average 110 105 89.3
aDistance from bottom of plate
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APPENDIX D

Impetus Input File

1 *UNIT_SYSTEM
2 SI
3 *PARAMETER
4 %E = 70e9 # Youngs modulus
5 %A = 317e6 # Voce parameters
6 %C1 = 17
7 %C2 = 1.6
8 %Q1 = 55e6
9 %Q2 = 165e6

10 %R0 = 0.45e−3 # hole radius
11 %R1 = 10.45e−3 # radius fine mesh
12 %R2 = 50.45e−3 # plate radius
13 %h = 10.0e−3 # plate thickness
14 %v0 = 325.0 # impact velocity
15 %N = 5 # mesh density parameter
16 *COMPONENT_PIPE # Makes the fine mesh of the 30 degree model
17 "Fine mesh"
18 1, 1, [2*%N], 2, [%N], 0, 30.0
19 0.0, 0.0, 0.0, 0.0, 0.0, [%h], [%R0], [%R1]
20 *COMPONENT_PIPE # Makes the coarse mesh of the 30 degree model
21 "Coarse mesh"
22 2, 2, [2*%N], 2, [%N], 0, 30.0
23 0.0, 0.0, 0.0, 0.0, 0.0, [%h], [%R1], [%R2]
24 *INCLUDE # Includes and places the projectile from ...

external file provided by Dr. Lars Olovsson
25 bullet_30_degree_2.k
26 1, 1, 1, 10000, 10000,
27 0, 0, 0, 0, 0, −15e−3
28 −1, 0, 0, 0, −1, 0
29 *CHANGE_P−ORDER # Makes all the elements in the model cubic 64 node ...

hexahedron
30 ALL, 0, 3
31 *TIME # Defines the simulation length
32 2.2e−4
33 *OUTPUT # Defines how often output is written. Default ...

totaltime/100 for frames and totaltime/1000 for plots
34 ,,
35 *MAT_METAL # Plate material
36 1, 2700.0, [%E], 0.33,1, 1
37 1, 0, 0, 0.001, 5e−4, 1.0, 293.0, 923
38 # Voce function
39 *FUNCTION # Voce hardening function
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40 1
41 %A+%Q1*(1 − exp(−%C1*epsp))+%Q2*(1 − exp(−%C2*epsp))
42 *PROP_DAMAGE_CL # Damage properties. Wc number and element erosion ...

controls
43 1,0,
44 263.6e6
45 *PROP_THERMAL # Thermal properties. Heat conductivity and heat ...

expansion set to default (0)
46 1,, 894,, 0.9, 293.0
47 # core
48 *MAT_RIGID # APM2 steel core modeled as rigid. Only density needed
49 4, 7850.0
50 *PART # Define parts
51 "plate fine"
52 1, 1, 0, 0, 0, 7.0e−10
53 *PART
54 "plate coarse"
55 2, 1, 0, 0, 0, 7.0e−10
56 *PART
57 "core"
58 4, 4, 0, 0, 0, 7.0e−10
59 *SMOOTH_MESH # Smoothens mesh if angle between element normals ...

are higher than a given value.
60 ALL, 0, 40.0, 1
61 *INITIAL_VELOCITY # Sets the initial velocity of the projectile
62 P, 4, 0.0, 0.0, [−%v0]
63 *CONTACT # Contact definition. Here Impetus decides which ...

part is master/slave. Friction = 0
64 ALL,0,ALL,0,0, −1.0e15
65 1
66 0, 0, 1
67 *BC_SYMMETRY # Symmetry planes and tolerance
68 0, 1, 2,,1e−5
69 *MERGE_DUPLICATED_NODES # Merging duplicated nodes between fine and ...

coarse mesh in plate
70 P, 2, P, 1, 1.0e−8
71 *COORDINATE_SYSTEM_FIXED # Symmetry plane 1 normal
72 1,0.00764267,0.0044125,0.005
73 *COORDINATE_SYSTEM_FIXED # Symmetry plane 2 normal
74 2,0.008825,0,0.005
75 *END

120



APPENDIX E

Recht-Ipson Curve Fit - Matlab Script

1 clc;
2 clear all;
3 close all;
4

5 %Name of input file
6 file = 'impetus−20−b−0fr.txt';
7

8 %Import datafile
9 import = importdata(file);

10

11 %Set Recht−Ipson parameters
12 a = 1;
13 p = 2;
14

15 %define input− and output velocity
16 vi = import(:,1);
17 vr = import(:,2);
18

19 %Curvefit function
20

21 [xData, yData] = prepareCurveData( vi, vr );
22

23 % Set up fittype and options.
24 ft = fittype( 'a*(((x^(p))−(vbl^(p)))^(1/p))', 'independent', 'x', ...

'dependent', 'y' );
25 opts = fitoptions( 'Method', 'NonlinearLeastSquares');
26 opts.Display = 'Off';
27 % Insert values in the area of where vbl will be
28 opts.Lower = [250];
29 opts.StartPoint = [270];
30 opts.Upper = [400];
31

32 % Fit model to data.
33 [fitresult, gof] = fit( xData, yData, ft, opts );
34

35 coeffs = coeffvalues(fitresult);
36

37 vbl = coeffs(1);
38 % Make curve from fitted vbl
39 x = vbl:1:900;
40 y = a*(((x.^p) − (vbl.^p)).^(1/p));
41
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42 topgfplots = [x',y'];
43

44 % Set name of pgf file
45 newfile = strcat('pgf_',file);
46

47 % Write to file
48 printfile = fopen(newfile,'w');
49 fprintf(printfile,'vi\tvr\n');
50 fprintf(printfile,'%.3f\t%.3f\n',topgfplots');
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APPENDIX F

Field Model - Matlab Script

1 clc
2 clear all
3 close all
4 %% Read node map and element connectivity data
5 A = importdata('nodes.txt',',',0);
6 B = importdata('elements.txt',',',0);
7

8 %% Create output file
9 geometri = fopen('geometri.k','w');

10

11 %% Change units from mm to m
12 A(:,2)=(A(:,2)./1000);
13 A(:,3)=(A(:,3)./1000);
14 A(:,4)=(A(:,4)./1000);
15

16 %% Print file headers,node map, and element connectivity
17 fprintf(geometri,'*NODE\n');
18 fprintf(geometri,'%i,%1.7e,%1.7e,%1.7e\n',A');
19 fprintf(geometri,'*ELEMENT_SOLID\n');
20

21 for i = 1:length(B)
22 %% Find midpoint in element
23 x = A(B(i,2),2);
24 z = A(B(i,2),4);
25 if x > 0
26 x = x − 0.0005;
27 else
28 x = x + 0.0005;
29 end
30

31 %% Place element in correct part according to
32 % polynomials governing hardness positions
33

34 if abs(x) < ((0.009/(0.015^2))*((z−0.015)^2) + 0.0025)
35 part = 1;
36 elseif abs(x) < ((0.009/(0.015^2))*((z−0.015)^2) + 0.0055)
37 part = 2;
38 elseif abs(x) < ((0.008/(0.015^2))*((z−0.015)^2) + 0.010)
39 part = 3;
40 else
41 part = 4;
42 end
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43 inputline = ...
strcat(num2str(B(i,1)),',',num2str(part),',',num2str(B(i,2)),' ...
,',num2str(B(i,3)),',',num2str(B(i,4)),',',num2str(B(i,5)),', ...
',num2str(B(i,6)),',',num2str(B(i,7)),', ',num2str(B(i,8)),', ...
',num2str(B(i,9)),'\n');

44 fprintf(geometri,inputline);
45 end
46 fprintf(geometri,'*END');
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