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A wind blade is built like a giant, hi e
sandwich. If you just used solid cree
blade would be far too heav
Instead, engineers use a s

design: iy

The Skins (Glass + Resin): Tt ',i::‘j::“,;‘jgc;fg"“y/' A.
fiber cloth saturated in epoxy ~

outer surfaces. These skins ar:
in tension and compression
immense bending forces of the

: Cores — Polyurethane Foam
The Core: A thick, lightweigh
placed between the two skins
the skins, making the panel exp
without adding significant weight,
handling the "shear” forces trying to
skins past each other.
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1.Glass Fabrics: The Reinforcement

Definition = o
The structural "muscle” or skel f Key Variations

part. These are woven sheets mé
microscopic, ultra-strong glass: - E-Glass: The industry standard. Highly cost-

effective and used in over 90% of
everyday composite applications.
Primary Use
Glass fabrics carry the physi S-Glass: High-performance glass formulated
material with immense tensil | for maximum strength and stiffness. Used
being pulled apart) and excelle ” heavily in aerospace and military
: | applications.

1 3'5}";??‘ r
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Directional Weaves: Fibers aren't just woven
like clothing; they are aligned in specific
directions (e.g., Unidirectional or Biaxial) to
handle stress coming from specific angles.




2. Resin

Definition
The liquid "glue” that satu
and permanently cures (h
plastic. ¢

Primary Use 5
Resin locks the delicate fibe
shape. More importantly, it
stress evenly across the wh

protects the glass from m01sture chel

abrasion.

The "Big Three" Resins:

Epoxy: The ultimate in strength, adhesion,
and durability. Cures with minimal shrinkage.
Used for high-end aerospace parts, wind
blades, and premium boats.

Vinyl Ester: The perfect middle ground.
Offers superior chemical and water
resistance. Ideal for harsh, corrosive
environments like chemical tanks.
Polyester: The most common and
economical resin. Fast curing and easy to
use. Found in general-purpose parts like car
panels and consumer goods.



3. Core Materials

Common Core Types

Definition
A thick, lightweight filler n Structural Foam: High-density engineered
directly between two oute foams (like PVC or PET). They are
fiberglass and resin to crea lightweight, resist absorbing resin, and are
| easily shaped into curves.
Balsa Wood: A natural, highly renewable
| wood core. It offers incredible shear
The "I-Beam” Effect strength, stiffness, and bonds exceptionally
By pushing the two strong . well with resin.

apart with a core, you drama Honeycomb: Hexagonal cell structures
part's bending stiffness and rigi (looking exactly like a beehive) made of

adding the heavy weight of solid f1berglass. : aluminum or .aramid paper- Used when. ,
s absolute minimum weight is the top priority.



Infusmn

SVARTM Vacuum Assisted Resin
infusion process, is the indust

: : Vacuum Bag
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Mechanical Testmg _Valldatmg
Physical Limits

Why do we do this: o | Key Mechanical Tests

Because structures like Win_ Tensile Testing: Pulling the material apart
20 to 30 years of relentless a from both ends to measure its ultimate
rain, and blistering sun, they r tensile strength (how much stretching force

absolute breaking point befor it can take before snapping).

Compressive Testing: Crushing the material
to ensure the matrix (resin) can keep the

Destructive Testing (DT)
2 (O fibers from buckling inward.

Engineers cut small samples
the excess composite materia and
massive hydraulic machines to intel
them, gathering precise failure data.

Fatigue Testing: Repeatedly bending the
material millions of times over several weeks
to simulate decades of continuous wind gusts
and mechanical stress.



PET Foam

Final Output
Kerdyn Green foam block,
sliced, welded, and cured.




Compression Strength: Balsa vs. PET
(150844) v e

Normalized Stress-Strain Profiles

& Balsa 150 (epoxy-infused) sha
significantly higher compressive
compared to PET Plank 100.

@ Balsa 150 Yield Stress: 14
PET Plank 100 Yield Stress:

@The balsa composite provides a ~
increase in compressive load capacity Balsa Wood Profile
PET foam. T ‘: == PET Foam Profile






What | Did

| conducted an overview of composite materials, focusing on
polymer matrix composites (PMC) and laminate structures.

| studied the PET foam extrusion process, including material
composition and key system components like twin-screw
extruders.

| studied the mechanics of vacuum resin infusion and
performed ASTM C297 tensile testing on balsa wood

| observed compression testing comparing balsa wood
composites against PET planks.

| completed observing the setup preparation for the full-
scale
vacuum resin infusion process.

What | Learnt

| learned how sandwich panels utilize lightweight cores to
exponentially increase bending stiffness without adding
significant weight.

| learned that moisture control and precise temperature
management (250-270°C) are critical for maintaining PET
structural integrity during extrusion.

| learned that balsa wood is very stiff and strong when pulled,
with a Young's Modulus of 2046.27 MPa, making it excellent for
parts that must handle heavy stress.

| learned that infused balsa wood provides a ~12x increase in
compressive load capacity over PET foam

| observed the workflow, including mold preparation, resin
degassing to prevent pores, and atmospheric-driven infusion
techniques.




Resin Uptake Ana

Resin Uptake analysis
dry fiber perform. It t
ensure an optimal fi
component weight.

Methodology & P

Recorded mass m
and after the vacul

Applied the followi

Mass after . Mass before
Length(lfter X Widthafter LengthbeforeX Widthbefore

Resin uptake =




Vacuum Resin Infusion (Hands on exp1)

@&Materials & Calc

Component Specifications (mm)

Bi-directional Glass Fiber
(2 Layers)

Peel Ply
Release Film

200X200

200x200
200X200

Infusion Mesh

(Upper/Lower) 200x200 / 300X200

Vacuum Bag 800x1500

Calculating GSM of the glass fiber:

Weight of glass fabrics = 32.6¢
Size of the glass fabric= 0.2X0.2 m?
GSM = 226 = _800 gsm

0.2X0.2

/Calculating the resin required:

Number of layers=4

Length= 0.2m; Width= 0.2m; GSM=800

Resin required =0.2X0.2X4X800= 128¢g
Buffer(considering hose pipe, consumables) =
72g

Ratio of Resin to Hardener= 0.29
Total = 200 + (200 X 0.29)
Total= 258g




Procedural Execution

Surface Preparation

Wipe the mold thoroughly with acetone to eliminate dust and
grease ensuring a flawless finish.

Mold Demarcation

Apply paper tape strategically to clearly define the exact
boundaries of the working mold area.

PR a1

Releasing Agent

Coat the defined area evenly with NC55 to ensure a clean
and uncompromised demolding process.

Dry layup
Symmetrically stack the mesh, release film, peel ply, and

the 4 layers of bi-directional glass fiber, peel ply, release
film, mesh

Vacuum Bagging

Enclose the setup with a vacuum bag and seal the perimeter
tightly with sealant tape to prevent air leaks.

Integrity Test

Perform a vacuum drop test, monitoring pressure to confirm
a 100% airtight seal before proceeding.

Resin Preparation

Mix Prime 37 Epoxy and Ampreg 3X Hardener precisely at
the calculated 100:29 weight ratio.

Degassing Cycle
Place the mixed resin system in a vacuum chamber for 5
minutes to extract trapped air bubbles.

Resin Infusion

Unclamp the feed line, using atmospheric pressure to
steadily draw resin through the dry stack.

Thermal Curing
Transfer the infused, sealed setup to a hot oven to
accelerate thermal curing and cross-linking.
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hat I Dl-d | o What | Learnt

| learned that measuring resin uptake tests the fabric's
permeability and resin flow characteristics to ensure an optimal
fiber-to-resin ratio, which prevents defects like dry spots or
excess weight.

| observed the procedure for calculating resin uptake by
recording the mass, length, width, and thickness of samples
both before and after the vacuum resin infusion process.

| prepared the mold using acetone and NC55 releasing agent, | learned that thorough surface preparation eliminates grease for
then symmetrically stacked the dry layup materials a flawless finish, and the specific symmetrical stacking sequence
(distribution mesh, release film, peel ply, and glass fiber ensures proper resin distribution and an uncompromised

layers). demolding process.

| calculated the required resin for a 4-layer glass fiber setup
using its GSM, factored in the buffer for consumables, and
mixed the Prime 37 Epoxy and Ampreg 3X Hardener at a
100:29 weight ratio.

| learned how to accurately account for buffer amounts by
considering the resin that will be lost to consumables like the
hose pipe during the infusion process.

| enclosed the setup in a vacuum bag, performed a vacuum | learned that degassing the mixed resin system in a vacuum
drop test to confirm an airtight seal, and degassed the mixed chamber for 5 minutes is a critical step to extract trapped air
resin in a vacuum chamber for 5 minutes. bubbles prior to infusion.

| learned that cutting materials accurately with templates and
ensuring the correct quantity of resin are essential to prevent
trapped air bubbles.

| analyzed the final laminate and identified that air bubbles
were trapped and the consumables were not cut properly.




Simulation Of the Laminate

Hling Tools  Features S! Material X

Type

) Thin
Material properties O)Thick
Materials in the default library can not be edited. You must first copy the material to a "
[ souDwoRKs Materials custom library to edit it © composite

ace Bodies(1 1
2 [ sustainability extras = | Flip shell top and bottom
Model Ty Linear Elastic Isotropic Save model type in library
ations ype:
v [&] custom Materials

(=) Puastic LI
v [iZ) My compesite aeey My composite O Mo preview

5= Gurit Biaxial Glass Fiber
1t Plane Name: Gurit Biaxial Glass Fiber

EeemE L Properties Tables & Curves Appearance CrossHatch Custom  Application Data Favorite ¢ ¥

=] SOLIDWORKS DIN Materials
1 (Default) <<Default> |

t Biaxial Glass 51 - N/mm*2 (MPa) (
(MPa) ) Full preview

1t Plane

Plane

= Top face of shell

b = Bottom face of shell

Default failure  Max von Mises Stress -

ace-Plane1 criterion:

Composite Options

I sandwich

Description:

Source:

Total F’\I(5

Sustainability:  Undefined

| symmetric

P | All Plies Same Material
roperty

Elastic Modulus
Poisson's Ratio
Shear Modulus
Mass Density

ensile Strength | Ply Thickness Angle Material
:
Compressive Strength | 1 ﬂsﬁm rit Biaxial Glass

Yield Strength
r: uw' Coefficient| 01875 -45Gurit Biaxial Glass
e 01875 45Gurit Biaxial Glass

2
a 3
Thermal Conductivity _f‘ 226 4 01875 -45 Gurit Biaxial Glass
Specific Heat 1386 5 0.1875 45 Gurit Biaxial Glass

6

7

)

| Rotate 0° Reference

[IPly angles relative to ply 1

Material Damping Ratic 01875 -45Gurit Biaxial Glass
0.1875 45Gurit Biaxial Glass
01875 -45Gurit Biaxial Glass

Access more materials from
SOLIDWORKS Materials Web Portal

).,x

Config

Model Motion Study 1 Static 1

Geometry & Material Composite Laminate

Modeled a 200 x 200 mm 2D surface. Assigned Converted 4 physical biaxial sheets into 8
custom "Gurit Biaxial Glass Fiber" properties o mathematical plies (0.1875 mm each)
(calculated for 50% fiber volume). . applying alternating +45° fiber angles.




Simulation Of the Laminate

CERSOENEY

Force/Torque

Yoo Frore von Mises (N/m*2)

2.245e+08

i 2.021e+08

_ 1.796e+08

_ 1572e+08

l 1.348e+08

| 1.123e+08

5991&;07

_ 6.748e+07

4.505e+07
2.262e+07
1.925e+05

Al 3
Boundary Conditions Fixed Geometry: Simulation Results
Clamped one single edge to simulate a | Ran static nodal stress analysis. Confirmed

cantilever beam. Applied a 100 N downward maximum stress (approx. 224.5 MPa) is
force normal to the opposite edge. - localized safely at the clamped root.
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