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Introduction

> Resin transfer molding(RTM)

— A branch of a broader class of fiber reinforced composite
process known as Liquid Composite Molding (LCM)

— Different to SRIM (Structural Reaction Injection Molding) for
its longer filling time under lower pressures

http://www.swancor.com.tw
http://www.monevydj.com/KMDJ/News/
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Introduction

> Schematic of comparison of o i @RIMLN @ CompressionRTH
different RTM processes.

— RTM
— Compression RTM LT

Blcid Closurs by Compliant
Mg and Preform Deform

Pavel Simacek, SureshG. Advani, “Modeling resin flow and fiber
tow saturation induced by distribution media collapse in VARTM”,
Composites Science and Technology, Volume 67, Issue 13,
October 2007, Pages 2757-2769

Dumiolding and Wil
Processing Processing
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Benefits and Disadvantages

Benefits Disadvantages
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Introduction RTM process steps

0. Mold Preparation
S. Part Demolding

o e

1. Preform Preparation 4. Resin Cure

J

Source : A. Shojaei, S. R. Ghaffarian, S. M. H. Karimian, "Modeling and
simulation approaches in the resin transfer molding process: A review",
Polymer CompositesVolume 24, Issue 4, pages 525-544, August 2003

2. Mold Closure 3 Resin Infusion




Issues and Objectives

> |ssues

— The traditional simulation tools for RTM process use 2.5D
model to analyze the filling behavior.

— These tools is not really suitable for simulating complex
geometry and complex mat layers condition.

> Objectives

— To Simulate the resin Filling behavior through the novel 3D
simulation technique.

— Compare the experiment and simulation result of actual
manufacturing process
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Implementation details
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Governing Equation

> Continuity Equation » - fluid density

8_,0+v (pu) =0 u : velocity vector
ot K : Permeability Tensor
> The Equation of Energy T :temperature
p da t:time
g(pCpT)+V-(puCpT) = kV°T +ny° +¢EAH p : pressure
7 . Viscosity

k :thermal conductivity

> b
Darcy’s Law 7 :shear rate

K

u=—-——Vp C, :specific heat
d o : conversion
> Permeability Tensor AH : Heat generation of reaction
Ko Ky K,
K=K, K, K,
K K K

X zy 7z
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Viscosity and Kinetic Model

> Curing kinetic model:

— Combined model 17 . Viscosity

1, - Zeroshear rate viscosity
d—Ol+u -Va = (Ka+ Kb - am>(l—a)n

dt oL :conversion

n: the power law index
y .shear rate

> Viscosity model: a, :conversion the gel point,

— Cross Castro-Macosko model T temperature

cl+c2a u : velocity vector
a
770[ g j Ka, Kb: material constants
a, —a -
n= N t:time
| +(f70°*7)

T

Tb
My = Ae><|0(?)
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Mat Orientation of Fiber Preform

 Before draping

_ draping direction
 After draping E L @

N\,
L;; )

> Permeability tensor axis direction
— Fiber mat orientation
R, R,

—
e
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/
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Step 1: Edit RTM boundary condition
| Tools = | | .»& \j
Current Action = / e T
- - ,1{ ';/ .
El Mat setting i 7
Loads and B.C. >
E"@ Boundary Conditions 7 ____ Perspective
B Sevio 75 ) [Perspecive
i [
¢ draping direction
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Set Permeability tensor

> Permeability tensor axis direction

NS TR NN .‘I (Ill’ I12 ) I13)
BRIV AP 1., 1,1
r= (1o, Joo . Joo ) NN e (21’ 22 23)

Draping

R:= ( [0 . |10 . Joo )

(|31’ |32 J |33)

Fiber mat orientation Before draping

Kxx ny sz
K11 [0.000014 cm: K=K, K, K,
K, K, K
ZX Z y24
K22 [0.000014 com* y
byl la Ky 000 gl Ty
k33 [0.000014 cm:
=1l 1 | 0 Ky 0 g, 1, Iy
porosity (0.5 |31 |32 |33 0 0 K33 |13 |23 |33

Set Permeability tensor principal value
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Anisotropic Permeability Tensor
(principal value)

14

> Compare with result between
Isotropic and Anisotropic permeability

Ko Ky Ko| [Ku 0 0] L 00 Ko Ky Ko| [Ku 0 07 [0 0 0
K=K, K, K,|[=| 0 K, 0]=|0 1 0|K=|K, K, K,|=|0 K, 0 |=/0 25 0
.1 lo 0 Kyl [001 K, K, K,| [0 0 Kg4| [0 0 1

Isotropic permeability Anisotropic permeability
Kip Kyt Kgg=11101 K Kyt Kgg =10:2.5:1
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Multi-layer fabric preforms

> Support to assign different Permeability for different regions

Distribution Media

Fiber Mat

Without Distribution Media Orientation of fiber preforms

- Motdex

----------

SERREEIERERRERLG
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Multi-Inlet Control

> Multi-inlet Open/Close period control by sensor nodes

Filling-Histary-Iulti-Corve ﬂi-ti;g-ﬁt-a,-pTe?s??aTt.-..-.-------------T

41 7.6 = === Multi Inlet # 1 1z cleosed at time =0,112380 I
Melt Frofit at 0953 sec == Multi Inlet # 2 15 open at time =0.112380

==x Multl Inlet # 3 1s closed at time =0.112380 |

Ioon Multi Inlet # 4 is closed at time =0.112330 1

U o ] o v sl L s s s s s s i s s ] T s e o

Writing data, please wait....
42 2

- 0.11 2 0.0z s0.07 21.706
348.02 = 43 n.113 2 0.03 65,84 21.781
27842 | En##1 -halt EMi#Z -hielt E hAse= -l t Ehidid - bl b

] N '
20831 —]

- —=— Molding Flow _FRate-EM#1 [{cofsec)]

] —+— Molding Flow _Rate-EM#2 [{ccisec)]

— —3¢— Molding Flow_Rate-EM#3 [{coisec)]
139.21 ] —&— Molding Flow _Eate-EM#4 [(cofzec)]
E9.60
0.00 AR — — Y S

o076 0.s6 095
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Permeability Measurement
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Visualization system
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Visualization system

Oiser
ALLIED
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Integrated system for permeability
measurement

> Aintegrated system to transfer the melt front during
filling process to get the permeability by Darcy’s law

B
_

—k

L900 LT800 DBLT1900
5.9328E-11 | 2.1085E-10 | 4.1895E-11

Moldex3D
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Permeability Measurement Result

20

> Compare with different fiber mats

LT800
K =2.1 X 1010
_
o " "
K=419x 101 B
1900

K =5.93 x 101 %
Moldex3D




Result

21

> Experiment compare with the

RTM Simulation

Prepreg 1D-dir Filling Result
0.25
0.2 [ o
-
7 at’
- -
A
.4 e .
§9 o o~ ¢ R68+DBLT1900
2 . L~ A m R68+LT800
o £ A
hu o R A R68+1900
¥ 01 . & — -LT80O Sim
4 £ ~——— DBLT1900 Sim
/ — = 1900Sim
’
005 HE ’
/,
1]
a 100 200 300 400 500 600 700 800
Time (s)

Moldex3D



2-D Simulation

Case 1 Single material preforms CFM 450
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Case 1: Single material preforms
Reference Study

> Fabric preform: —— o
— CFM 450 e
> Single component of fabric preform e
— Viscosity =0.239 Pa s el

> Operating Condition
— Inlet Pressure = 0.9 atm = 0.09 MPa

CFM 450 1.04E-9 1.04E-9 5.16E-10

Figure 7.8: CFM450 50 layers lay-up.

Reference : Koefoed, M. "Modeling and simulation of the VARTM Process for Wind Turbine Blades." Industrial Ph. D. Dissertation (2003).
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Moldex3D RTM Simulation Result

24

RA4130.1) 1818374012208

> Flow front time result at end of filling stage and flow front
location vs. filling time.

0.3

L. 0.25 /
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Case 2 : Sandwich Structure

Geometry and Fabric Preforms

0.02m CFM225

CFM225

Biaxial Fib
2*Biaxial
Balsa5/8
2*Biaxia| Ba|sa5/8
< >
Moldex
b ::”:?“““‘“““‘“’“mil”m“““’ 0.6m

om0
LT

Picture Reference

1. http://nuplex.com/Composites/products/browse-products/corematerials/qurit%E2%84%A2-balsaflex
2. http://Iwww.ec21.com/product-details/Fiberglass-Biaxial-0-90-Degree--7506537.html|

3. http://www.alibaba.com/product-detail/Glass-Fiber-Continuous-Filament-Strand-Mat_327073845.html|
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http://nuplex.com/Composites/products/browse-products/corematerials/gurit%E2%84%A2-balsaflex
http://www.ec21.com/product-details/Fiberglass-Biaxial-0-90-Degree--7506537.html
http://www.alibaba.com/product-detail/Glass-Fiber-Continuous-Filament-Strand-Mat_327073845.html

Material Property and Operating condition

> Material Property
— Viscosity =0.239 Pa s

CFM225 1.16E-9 1.16E-9 5.44E-10 0.81
Biaxial 1.8E-13 1.8E-13 1.11E-12 0.44
Balsa 5/8 4.4E-11 1.47E-10 1.47E-10 0.11

> Operating Condition
— Inlet Pressure = 0.9 atm = 0.09 MPa

2 ' Moldex3D



Moldex3D RTM Simulation Result

> Flow front animation and front location vs. filling time.

Filling_Melt Front Time

Time = EOF
[sec]
— 497.335

464.179
431.024
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99.467

0.6
0.5

L |

.g. 04 + Top_Experiment
E 0.3 o Bottom_ Experiment
w (0.2
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Time[s]

33.156

— 0.000
Z

90
h 0
¥ 9

27 RA4.00130.1) 10:19:22-02-13-2015

Moldex:D

ERun 1Z:Validation _Z_preform_ThinmfedEpoxy_Validation_FartZ_1.mtx/Z014052Z_Validation_Part?_1.pra
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3-D Simulation

3D flow behavior prediction in RTM
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Background (1)

> |ndustrial challenge
— How to make the smooth filling for huge part?
— What is the filling behavior

42 BARERETER

3]
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Background (2)

30

> Reference

— Study on the application of VARTM technique and mold flow
analysis to the lamination of sandwich plates

> Professor

— Ya-Lung Lee
> Author

— Kai-Lin Chen

> Polymer
— Eternal Chemical 1629
— Environment temperature 24.4°C
— D+P+(MR)*1+M+DC+(MR)*1+M

D: distribution media
P: peel ply

M: fiber mat

DC: double cut core

Moldex3D



Geometrical System

AT E B3G5, 520mn)

We ignore this area

We ignore this area
fizen =Trnim

We=40.5%

Kiu=Kz=1.58a-"m"

Ku=Kz=1.88e-"m"

BEEAE (2ERE) I:-"?
|

I~ -

¥imm

B 45 EEiEndE  3EFRAMEIOEE

Reference :Study on the application of VARTM technique and mold flow analysis to
the lamination of sandwich plates
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Filling Results: Q=6.35x10°m?3

Melt Front Time Pressure Distribution

Filling_Melt Front Time Filling_Pressure

Time = EOF Time = EOF
x101 [sec] x10-1 [MPa]
180.065 e 2.745
168.061 2.579
156.057 2414
144.052 2248
132048 2083
120.044 1.917
108.039 1.752
96.035 1587
84.031 1421
72026 L
60,022 i
o 0.925
36.013 s
24.009
0.594
12.004
0428

0.000 Moldex D Moldex -

5 0.263
67 Run 1xavity_20130826_Hybrid_Zmm_Tnletf: poxy_2502-AB_1 mix/MDXFProj 30827_2.pro z 2 %
% ¥ 3 At 100% (1.8e+003 sec) (Enhanced Solver), Ep=2 450,571 Ec=0 Em=0 <Mixe/BLM> 67 Run licavity_ 20130826 Hybrid Zmm_Wletface mfe/Epoxy_2502-AF_1mtx/MOXProject20130827_Z pro
X 51 Continaus % ¥ 3 Rng: 00263~ 0274 Avg 0.218MP3 (@100% (1.5e+003 sec)) (Enhanced Solver), Ep=2,430,571 Ec=0 Em=0 <MiedBLAE=
160 K 21 Cantinaus
1.60

R12.0Rslease Candidate [120.1) 18:36:42.03.11.2013
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Comparison with Research (1/2)

.i Mgl

L=

B 4- 6 FfAE il £ K 8 S0 BLBE R B B Y Lo 92 ) (JE Y @) 81% ¥ un  Moldex

- ‘l';"r'- ’ - o i

B 4- 7 AfAEALE T S AR R ) B Y 1L 4 B (Y @)

Reference :Study on the application of VARTM technique and mold flow analysis to
the lamination of sandwich plates
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Adding the Thickness Effect

i
H

fzsisgszssngéﬂé;g
i

Moldex 0
& Rn 1zavety 20130828 _Hybod_Jram_lletiver mie/Epory, 2900-AF_1 e/ MIDEmiest201 30817 _2pm
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3
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.60
% u% g0

20,4 W34 208442003

i
!
%

K11: K22 :K33=1:1:1 K11 : K22 : K33 =100:10:1
Thickness not considered Thickness considered
2D Behavior 3D Behavior
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Melt Front Difference Across the
Thickness

Capturing the thickness difference with a true 3D simulation

[rST— ’I ’_ —
- -
i EPRP—— r - - —
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060 ot 0 o .
- g S !
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22 B0.011 ssenan
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s
i 20004 _—
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Melt Front Difference Across the
Thickness

Filling_Melt Front Time
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3-D Simulation
Boat
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Case 1: cXE M ER NEH R AaRrE

Filling_Melt Front Time

Filling_Meit Front Time %101 [sec]
%101 [sec] 144.685
2z 135.078
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H 50.162 48.608
42513 H 30.001
29.865 20303
15217
19.785
~ Mg 56moldex
H 10477
180
‘_T 200 R o s e R B 0.57Moidex 1
* 0.0 180
x
T_ 120 00 8000 mm
X

400.0

Experiment result Simulation result
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