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INTRODUCTION

Composite Materials

Composites are made up of individual materials referred to as
constituent materials

Two main categories of constituent materials: Matrix and Fiber

Some Advantages: Light Weight, High Strength, Durability, Strength
Related to Weight, Corrosion Resistance and Design Flexibility

Need to integrate with COMSOL

COMSOL Multiphysics is capable of modeling and simulation of any
physics-based system

Adding a user-friendly interface to integrate Composite Material
properties will further enhance its capabilities

Use of Composite Materials in various industries such as aircraft,
automotive, etc is rapidly getting acceptance

So, in the process of modeling and simulation, many a times user

wants to use Composite Materials properties in the analysis
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METHODOLOGY

. COMSOL APl (Application Programming Interface) which is an
interface based on Java, is used to develop custom application based
on COMSOL

* An initial GUI is built based on a model of a simple ‘Rectangular Block’,
having a point force acting on the edge

. Final GUI is built based on a model of ‘Mechanical Part’, having a
combination of forces and moments acting on it

. Halpin-Tsai Model, a semi-empirical model chosen based on its

accuracy and appropriateness, is used to develop algorithm to
calculate Composite Material properties
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HALPIN-TSAI MODEL

Halpin-Tsai equations are the handy forms of Hill’s generalized self-consistent model
results with engineering approximations to make them suitable for the designing of
composite materials.

E, = E V. + E,V, Vig = Vel T,V ——
M = composite material modulus E,,, G,, or v,,
M; = composite material modulus E:, G; or v;
Ef_ : M,,= composite material modulus E,, G, or v,,
M 1+l M,
= ‘.l’l'rl =
M 1—nl T
M.,
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PROGRAM ARCHITECTURE

@® import java.awt.BorderLayout;[]

class RectModelDemo implements ActionListener {
private JFrame frame;
private JFrame framel
private Model model;

private JButton solveButton; _ Declaration of Class
private JButton calculateButton; and Pa rameters

private NumberFormat percentFormat;
private JTextField editV;

private JTextField editEl;
nrivate 1TeviFisld sdit+F2-

static String[] compProperty = new String[10];
public static void main(String[] args) {
RectModelDemo demo = new RectModelDemo();
demo.init();
demo.start();

¥ .
public void init() ¢ pu— Basic methods:

ModelUtil.initStandalone(true); M 3 | n | n |t start
’ ’

public void start() {
lookandfeel();
frame= new JFrame(“Mcdel taken from COMSOL - GUI");
frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
frame.setSize(1200,900);

(1 1IPanel mainPanel = new Gl 1Pansa1( )
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PROGRAM ARCHITECTURE

frame.setIMenuBar(menubar);
frame.setVisible(true);

}

public void solve(){
model.physics("solid").feature("lemml").set("Evector_mat"”, "userdef"); ‘Solve’ method to

model.physics("solid").feature("lemml”).set("rho_mat", "userdef");
model.physics("solid").feature("lemml") run rT]()(j(gl
.set("nuvector”, new String[][]{{compProp7}, {compProp8}, {compProp9}});
model.physics("solid").feature("lemml")
.set("Gvector"”, new String[][]{{compProp4}, {compProp5}, {compProp6}});
model.physics("solid").feature("lemml"”).set("rho", compPropl®);
model.physics("solid").feature("lemml")
.set("Evector”, new String[][]{{compPropl}, {compProp2}, {compProp3}});

mndal nhucirs("zalid"Y featural"lemm1"\ <ot "Gusrtnr mat” "uzerdsf"\):»

model.result( "pgl”).set( window , “windowl’);
model.result("pgl").run();

¥
1);
} pu— ‘leftPanel ‘method for
private JPanel leftPanel(){ deﬁning fields in input
Miglayout layout= MiglLayout(" 2%} 3 .
J;ane{ ;anely=unewn§:an:l(lgggut)?rap S|(jEE ()f CSLJI

JLabel label = new JLabel("Pre-Processing”);
panel.add(label,"span, wrap 15px");
label.setFont(new Font("Serif", Font.PLAIN, 25));

Tahel = new 11 ahel("Fiher Pranertuv:"):
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PROGRAM ARCHITECTURE

model.result("pg4”).set("window”, "windowl”);
model.result("pg4”).run();
¥
1)
return panel;
¥ .
} pu— ‘Solve Button’ which

private JButton solveButton(){ p ,
solveButton = new JButton("Simulate"); Ca”S SOIVe methOd
model= RectModel.run();
solveButton.addActionListener(new ActionlListener() {
public void actionPerformed(ActionEvent e) {

solve();
¥

1)

return solveButton;

private void sPlot(){
model.result().dataset("cpll")
.set("genpoints”, new String[][]{{xslCoord, yslCoord, zslCoord}, {xs2Coord, ys2Co
model.result().dataset("cpll”).set("planetype”, “"general"); [ ,
model.result("pg6"”).set("window", “"windowl"); Ca|CU|ate Button
model.result("pg6").run(); _
} method calculates

private JButton calculateButton(){ composite properties
calculateButton = new JButton("Calculate Composite Properties”);
calculateButton.addActionListener(new ActionListener() {
public void acticnPerformed(ActionEvent e) {
String fiberPer = editFC.getText();
double fibPercent = Double.parseDouble(fiberPer);

C+rina matrivDar — adi+Mr aat+Tavdl V.
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PROGRAM ARCHITECTURE

public static void fiberProp(){
try {

FileInputStream fiberProperty = new FileInputStream(new File("D:\\Ri:
HSSFWorkbook workbook = new HSSFWorkbook(fiberProperty);

for(int i=0; i<13; i+H)[] pu— ‘fiberProp’ method for
HSSFSheet fiber = workbook.getSheetAt(i); deﬁnin ﬁber ro erties
Iterator<Row> rowlterator = fiber.iterator(); g prop

int row_index=0;
while(rowIterator.hasNext()) {
Row row = rowIterator.next():

public static void matrixProp(){
try {

FileInputStream matrixProperty = new FileInputStream(new File("D:\\Rishabh
HSSFWorkbook workbook = new HSSFWorkbook(matrixProperty);

for(int i-0; i<13; i+4){ oo petiecent ‘matrixProp’ method for
HSSFSheet matrix= workbook.getSheetAt(i); _ .. . .
Iterator<Row> rowIterator = matrix.iterator(); dEfInlng matrix propertles
int mat_index=0;

while(rowIterator.hasNext()) {

Rrw raw = rowT+eratar navi( -
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PROGRAM ARCHITECTURE

private JPanel rightPanel() {
MigLayout layout = new Miglayout("wrap 6");

final JPanel panell = new JPanel(layout); ’rightPane" method for
JLabel label = new JLabel("Post-Processing”); _

panell.add(label,"span, wrap 15px"); deﬂning fields in
label.setFont(new Font("Serif", Font.PLAIN, 25)); .

label = new JLabel("Contour Plot:"); Output side of GUI

panell.add(label, "span, wrap 1@px");
label.setFont(new Font("Serif”, Font.PLAIN, 17));|
Strinel1 contourTvbe = {"Select Contour Tvpbe". "Lines". "Filled"}:

private JButton linePlot(){
JButton linePlot = new JButton("Line Plot");
linePlot.addActionlistener(new ActionListener() {

public void actionPerformed(ActionEvent e) { ’“neplot’ method for
x1Coord = editXl.getText(); _
ylCoord = editYl.getText(); plot‘“ng Line Plot
z1Coord = editZl.getText();
x2Coord = editX2.getText();
y2Coord = editY2.getText();
2 nnrd = 2di+72 oeptTeavi( )
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PROGRAM ARCHITECTURE

private void plot(){
model.result().dataset("clnl")
.set("genpoints”, new String[][]{{x1Coord, ylCoord, zlCocord},
kx2Coord, y2Coord, z2Coord}});

model.result("pg2").set("window", "windowl"); 'plot' method and
model.result("pg2").run();

} ¢mmm  ‘syrfacePlot’ method for
private JButton surfacePlot(){ plOttlng Surface PIOt

JButton surfacePlot = new JButton("Surface Plot");
surfacePlot.addActionListener(new ActionListener() {
public void actionPerformed(ActionEvent e) {

xslCoord = editXsl.getText();

wellfanrd — adi+Vel aa+Tav+ V.

private JMenuBar menu() {
JMenuBar menubar = new JMenuBar(); p ,
JMenu menu = new JMenu("File"); menu’ method for menu
menubar.add(menu) ; _
JMenuItem item = new JMenuItem(“Open"); bar at the tOp Of GUI
menu.add (item);|
item = new JMenultem("Exit");
item.setActionCommand(“exit");

R e L e s e
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USER INTERFACE...

Pre-Processing

j -
Fiber Property: [k.:eular 49 — ] > |Select Fiber Property Py

% Fiber Content: |30 | Kevlar 49 =
AS4 Graphite 7
Matrix Property: [Vﬂﬁﬂtﬁ - ] E-Glass 21 x K43 Gevetex
_ E-GLASS
%% Matrix Content: |?CI | High Mod Graphite
|HTS150 %

Calculate Composite Properties ]

INPUT INTERFACE E1l: 39615 MPa

O

Select Matrix Property |28 ]

|
Polyester
=2 [4287.220P2 | Vinylester =
E33: 4287.22 MPa | 13501-6 Epoxy
5250-4 RTM
G12: 1494.97 MPa | 5505 Epoxy ]
8551-7 Epoxy
G23: 2143.61 MPa | BSLO14C Epoxy -|
G31: 1494.97 MPa |
MNu12: 0.37 |
Muz23: |n |
Mu31: 0 |
Density: |1.32 gfem”3 |

Simulate ] [ Visualize Meshing ]
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...UUSER INTERFACE

INTERFACE FOR

POST-PROCESSING

OF RESULTS

Line Graph:

Enter First Point:

x:| |‘|’: | |2: |:|
Enter Second Point:

T —
[ Visualize Line ” Line Plot ] [ Back ]

—

Max/Min Line Plot:

‘Select Plot - |

Surface Plot:

Enter First Point:

s | |"|":

Enter Second Paint;

X | |‘|’:

| =

Enter Third Point:

- | |‘|’:

| R

[ Visualize Surf

|| surfacepiot || Back |

Contour Plot:

[Select Contour Type ]
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RESULTS

e o cousor s e T R ]
File Help
Fiber Property:  AS4 Graphite - Surface: von Mises stress (Nfm?) . Analyse Results
y
% Fber Content: 0.33 9
A 7'88,‘}0 Mxamum Von Mises Stress:- ‘7.5271%;‘0143041!‘.4?
Matrix Property:  8551-7 Epoxy v At
/ fon My S v 10,0
& Matrix Content: |0.67 Minimum Von Mises Stress:
Mean Von Mises Stress:- 9932366.84219046
Caloulated Properties: 7
E11: 77817.51000000001 Plot Contour (Type: Lines)
E22: 6525.390943924192 6
Meshing used lo Simulate
E33: 6525.390943924192
612 2702.504076253032 Arumate Results
G23: 2483.833210947235 S
Back
G31 2702.504076253032
Nul2: 0.3206 4
Nu23: 0.3135726898175397
Nu3l: 0.3135726898175397
Densly: 0,0014463303000000002 3
Calculate Simulats
2
1
4 12
Yol ox 1 1
o8
¥ 1.7x10°
Soking knear system
Cancel
ables:
ial) (modl.u): 1
ly finished progress
$#Res #Jac #S
1 1 1
y finished progress task
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RESULTS

2| Model taken from COMSOL - GUI
Fite Help

Fiber Property:  AS4 Graphite
% Fiber Content: 0.33
Matrix Froperty:  8551-7 Epoxy

% Matrix Content: 0.67

Calkculated Properties:

Ell: 77817.51000000001
E22: 6525.390943924192
E33: 6525.390943924192
G12; 2702.504076253032
623: 2483.833210947235
G31: 2702.504076253032
Nu12 0.3206
Ma23: 0.3135726898175397
LIE N 0.3135726898175397
Densty: 0.0014468303000000002
Calculate Simulate

Mesh . Analyse Resuls
Al Mestmum Von Meses Stress:- 2.8321357014394104E
1
Minimum Von Mises Stress:- 0.0
0.8 Mean Von Mises Stress: 9932366,84219046
Flot Contour (Type: Lines)
058 -
[ Meshing used to Simulate_|
0.7
Animate Results
0.6 Back
0.5
04
0.3
0.2
i ) 0.1
12
ol o 1 1
08 0
Vo073
Schvng linear system
Cancel
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RESULTS

% Fiber Content: (0,33

MatrteFrogerty: [mss=§

Calcudanad Fropartias:

i 7w sioo000n
e sz apmenann

£x: CE U

G12: wsmoreasioz
@3 emanaeenss
(53 [psooresmwiz
e ———————
ha23;

M3z

Densty:

| cocuna |

Scales for dapendent variables:
Displacement field (Material) (modl.u): 1

8 fully finished progress task ssssssssss=ss
Iter Damping Stepsize #Ras #Jac #Sol LinErr LinRes
1 1.0000000 0.79 1 1 1 1.2e-012 1.6e-014
8 fully finished prog task
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RESULTS

Fross Disalons Button ©6 sLArT The simuiation

Sartisg prog Taak
Ak
Uring Liness getmetry shape Srder £or Sesh slenent sesr cootdinetes (1.402¢, 0.004840), .00 .

Uning 1i0ea7 QeCmetIy BRApe STOMT fO7 mmeb elument Dear coordisates (1.43388, 2.990640), l.“l.’v‘¢
4533, 0.0775433, 0.004400N) .
489, 0.004380), 0.00MM.
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RESULTS

@J“sgaana

Max Mix Line Plot:

Sy res it

[Press Simiiete BOTTER e SLAET The sisulatien 2
I STATTING PTOGTINN TARK weeeemem— f
R mw Ak

(EALng 1i0esr peometry snape Srder fOF mesh element near soordisetes (3.4624, 05043483, 0.0THIVY).
[Gping lises: gecamtcy sBape order 20T mesk element neas coordiastes (1.43MM0, 0.090640), 0.0039700).
Uaing 1iAer GRORATIY ARape Srder Tor mesh element near seardisates (1.4533, 0,077560), 0.0044085).
[Uring linest gecmstry sdape order for mesh slement near coordisates (1.948), 0,5843403, 00834300,
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RESULTS

@‘EGQEBSBBE

Sahg e sy

{luu Simulate Bottiz To FTArT iR imuletice
(wessssnsnenes JTALLING PIOY e

; Ivarsiag p Tark

[Going 1ineer gecmetey sdage Srder fof mesd elesant fesr cocedinates
Pnu linear gecmetry sBage Srder f4f mesh siement Gear Soordinates
[Uelng linear gecmesry shape order for mesh elesent near ccordinates
[Using lizear gecmetsy a%ape order for mest slemant near cocrdizates

1346434, 0.004540), 2.07H7).
1345300, 0.0904403, S.003%%0M).
11,4539, 0.9775603, 0.0044085).
13,4409, 0,.0043433, 0.0934M7).
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RESULTS

‘55‘!93985

i
|

')',.

D Pt b

" a |
rter ‘acard Somt
L 3 " =
Srter Thed Rore.

Lo ey gswe

(Press Simslste Sottom €2 steft the sisulstics

Stersing teow

Stertisg ek

[Using linea:r gessetry shape otder for mesh elemest mesar soccdisetes
Uring 1inear geceetiy EMape Sides CoF mesh element Resr coordizetes
Euun 1inees gecmetsy shape ofdes f02 mesk elemest meas cootdisetes
Ueing linear gesmetry saape order fOf Wesh element near Toordisates

(1.4024, 0.004300), 0.0TMMY).
(3.43390, 2.090640), Q0.022VON .
(3.4533, 2.077840), 0.0844088).
€3.4408, 9.0043403, 2.003400T), -
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LIMITATIONS AND CHALLENGES

. Integrating failure criteria’s for composite materials is not possible in
an user interface

. Selecting points in the 3-D model is not possible by using mouse
events on graphics panel

. Meshing of an complex model is difficult to perform in an user
interface
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CONCLUSION

. Composite Material properties were successfully integrated with
COMSOL Multiphysics in a user-friendly interface

. GUI created is compatible to be used for any model for the purpose of
performing simulation with Composite Material properties

. GUI can also be used to perform some of the important Post-
Processing which can be cumbersome to do in COMSOL Multiphysics
GUI for an inexperienced user
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THANKS FOR YOUR ATTENTION
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