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Polymer Matrix Composites

Large Variety In Material Type And Cost
Matrix: type, cost, properties
Reinforcement: shape, material, cost

Promising Advantages
Much lower density than metals
Excellent specific strength and stiffness to weight ratio
High damping & fatigue endurance
Low thermal coefficient
Good corrosion resistance

Potential Application For Lightweight Energy Absorbing
Materials

fiber Matrix

Unclassified 2



PMC Impact Perform

Mechanisms For Dissipating Energy

Delamination

4 Plug punch-out

A Resin matrix cracking
= A Fiber pull-out

I Fiber fracture

[

Interfacial Adhesion Between
Matrix & Reinforcement

Impact Performance

Structural Integrity
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Adjustable Iinterfacial

Matrix

Mechanical Properties
Chemical Properties
Physical Properties

Ii__e;l_r!]_;grcing Fiber

Types of Fiber

Thickness/count

Weave type
Finish/sizing

ii\
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Significance Of This Research :

Investigate The Effects Of Four Glass Fiber F|n|shes On

Mechanical Properties And Low/High Speed Impact
Performance

Greige
Heat-burnt
Volan
Silane

Correlate The High Speed Impact Properties With
Mechanical Properties

Correlate The High Speed Impact Properties With The
Interfacial Adhesion (To be done in the near future)
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Materials

Matrix Resins
Polypropylene Film

Polyester resin system

= 98.5 wt% Aropol® 7241T-15 (46% styrene)/1.5wt% Methyl ethyl
ketone peroxide (MEKP)

Vinyl Ester
m 98.12wt% Derakane 411-350/1.5wt% MEKP/0.03wt% 2,4-
Pentanedione/0.05wt% dimethylamine/0.3wt% cobalt naphthenate

Glass Fiber: Hexcel® 1581 Series Glass Fiber Fabrics

i

l
|
|

il

1581-F12 None (Heat-burnt HB) 8H Satin 2.16x104 m

1581- GR Greige 8H Satin 2.16x10%4 m
1581-F16 Volan 8H Satin 2.16x10% m
1581-F69 Silane 8H Satin 2.16x104 m
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Glass Fabric Fabrlcatlon Proce_s___sés s

Warping

Slashing

Entering i

Weaving

Unclassified
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——

Heating

1581- F12

Finishing

1581- F16 1581- F69
(Volan) (Silane)



Compression Molding

For Fabricating PP Composite Specimens

Vacuum Hot Press

Evenly Distribute And Lay Up
Fabric Sheets And PP Film Based
On The Requirements Of The
Thickness And Fiber Content

Put Closed Mold Into
Compression Press

Compression Mold At 235°C
Under 1.5 MPa For 70 Min

Cool Down And De-mold
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Vacuum Infusion

For Producing Polyester Or Vinyl Ester Composite Specimens

Process b I

Unclassified

,-,‘\. Pump
By \

.

Resin Resin Inlet Vacuum Baa “
- ‘ -
B LB

Lay down glass fiber, peel ply, &
and flow channel .
I e

Place vacuum conduit around D
mold, hook conduit end to i
vacuum pump

Seal the set-up and resin inlet

Turn on pump (achieve >1 torr vacuum)

Formulate resin and connect resin inlet to resin mixture
Start resin infusion

Stop the pump when the infusion is completed

10




Tensile Property Testin

Universal Tensile Tester
200KN Capacity

Standard
- ASTM D3039 =

— _:T
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Universal Tensile

Tiﬁer
KN Capacity

= %\dard

ASTM D790

———
— ==
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Low Speed Impact Te

Sample: %4” panels

Instrumented Impact
Tester

~ Speed up to 10 ft/s

-”ﬁd ard

-~ ASTM D3763
Tup

A custom designed
impact tup

R |
——— H

:
e

|

Unclassified
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High Speed Impact Te:

Sample: %" panels

Standard
Mil-STD-662F

High Speed Impact

Projectiles As Per Mil-
STD-662F

Data Collection

Velocity (V¢,) and Impact
— Energy at 50% probability
= of penetration

Impact Energy Absorption
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Areal Density And Flber Con@t

3.2mm Thick Composite Specimens

PP
Heat Burnt
H | 1581-F12 Pol
excel 158 (No Finish) olyester
Vinyl ester

PP
Greige

Hexcel 1581-GR
excel 1581-G (Starch and Oils)

Polyester

Vinyl ester

PP

Hexcel 1581-F16 Polyester
Vinyl ester
PP

Hexcel 1581-F69 Silane Polyester

Vinyl ester
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Flexural Strength And

Effects of Matrix Resins And Glass Surface Finishes

600

mPP 25.0
i Polyester

| Ponegtér =
= Vinyl ester
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20.0
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0.0 -

None Gl Hlelal e None Greige Volan Silane

Finish Finish

PP Has Significantly Lower Flexural Properties
Volan Finish Has Highest Flexural Properties
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Tensile Strength And M

Effects of Matrix Resins And Glass Surface Finishes

500.0

400.0

Tensile Strength (MPa)
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— —
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m Vinyl ester

None
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Finish
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1011
1 00

Volan
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Finish

PP Has Slightly Lower Tensile Strength and Modulus
Volan Finish Has Better Overall Tensile Properties
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Tensile Elongation

Effects of Matrix Resins And Glass Surface Finishes

5.0

iy
o

m Vinyl ester

=
o
]

i
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Tensile Elongation (%)
w
o

i
(]
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0.0 -

None Greige Volan Silane

Finish

Heat Burnt Finish Has Highest Tensile Elongation
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Low Speed Impact Per

Effects of Temperatures On PP Composites

3.0 4.0
m-53.8°C
25 L B Room temp.
m71°C P N
€
—— b
3 =
= >
3 5
= S 20
= °
-
: 2
a o
[72)
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0.0 0.0
None Greige Volan Silane None Greige Volan Silane
Finish Finish

—

Greige Finish Has Best Low-Speed Impact Performance
Impact Performance Decreases With Increase In Temperature
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Low Speed Impact Pe

Effects of Temperatures On Polyester Composites

m-53.8°C

B Room temp.

m71°C 9 |

Peak Force (KN)

]
Absorbed Energy (Kg.m)
(@)}

None Greige Volan Silane None Greige Volan Silane
Finish Finish
— =

Greige Finish Has Best Low Speed Impact Performance
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Low Speed Impact Pe

Effects of Temperatures On Vinyl Ester Composites

m-53.8°C

B Room temp.

m71°C 9 |

I
I

N
Peak Force (KN)
Il

]
Absorbed Energy (Kg.m)
(@)}

N

None Greige Volan Silane None Greige Volan Silane

Finish Finish
Greige Finish has Best Low Speed Impact Performance
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Effects Of Resins And

Low Speed Impact Performance At Ambient

8.0 12.0
m PP
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Greige Finish: Highest Low Speed Impact Performance

23

Unclassified



High Speed Impact Perfor

V:, And V. /Areal Density for 3.2mm Samples

350.0
m PP
300.0 1 Polyester 60.0
: = Vinyl ester =
od
250.0 - é
“’é 45.0 -
g 200.0 - Z
= - e
] & 30.0 -
= ©
e
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S
8 15.0 A
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None

Composite Panels Composite Panels

= Greige Finish Has Highest High Speed Impact Performance
PP Composite Has Highest High-Speed Impact Efficient
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High Speed Impact

Impact Energy And Impact Energy Per Areal Den5|ty oJ

2.0
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Finish
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High Speed Impact Test

2.0
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m Vinyl ester
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Results From Low Speed Impact Can Not Predict High Speed
Impact Performance Between Different Resin Systems
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Impact Energy Absor
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Impact Energy Vs. Stre

0]

Impact Energy/Areal Density (m?3)

0.0

Unclassified

Tensile Strength

y =0.0004x + 0.2027
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Impact Energy Vs. Mod
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Tensile Modulus
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R?=0.73

y =-0.0091x + 0.406
R?=0.93

y =-0.0009x +

PP
R?=0.05

% Polyester
A Vinyl ester

10 13 16 19 22 25

Tensile Modulus (GPa)

Impact Energyl Areal Density (m?3)

0.5

0.4

0.3

0.2

0.1

0.0

No Obvious Correlation With Tensile Or Flexural Modulus

Flexural Moc
y =-0.0029x + 0.2788
= R2=0.09
. A [ |
A N
- y = -0.0084%~6-3698
R2=0.42
ePP
i M Polyester
A Vinyl ester
10 13 16 19 22 25
Flexural Modulus (GPa)
29



Impact Energy Vs. Elor
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High Vs. Low Speed |

Impact Energy Comparison at Ambient

High Speed Impact Test
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Results From Low Speed Impact Can Not Predict High Speed
Impact Performance Between Different Resin Systems
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Summary And Conclusion

Surface Finish On Glass Fiber Fabrics Affects
Mechanical Properties As Well As Impact
Performance Of Resulted Composites

GR Finish Results In Higher Impact Resistance

Despite its Low Mechanical Properties, PP
Composite Has Better Impact Resistance

Tensile Strength May Be A Critical Factor For
Attaining High Impact Resistance

Unclassified
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