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' Composite material

Y Polymer

¥ Ceramics

¥ Ceramic Matrix Composites(CMC’s)

& Metal Matrix Composites(MMC’s)

* Polymer Matrix Composites(PMC’s)

¥ Fiber Reinforced Polymers (or Plastics)
A Composites particle materials

* Fiber composite materials
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' Lamina

¥ Laminate

" Fibre Reinforced Plastic (FRP)

¥ Delft

% Pre-impregnated (pre-preg)

# Aramid Reinforced Aluminum Laminate (ARALL)
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FML Grade Metal layers Prepreg layers? OQutperforming
characteristics
Grade Thickness Orientation® Thickness
[mm] [°] [mm]
7475- 0.3-0.4 0/0 0.25 Fatigue, strength,
T761 yield stress
2024-T3 0.2-0.5 0/0 0.25  Fatigue, strength
2024-T3 0.2-0.5 90/90 0.25  Fatigue, strength
2024-T3 0.2-0.5 0/90 0.25 Fatigue, impact
2024-T3 0.2-0.5 0/90/0 0.375 Fatigue, strength
in 0° direction
2024-T3 0.2-0.5 90/0/90 0.375 Fatigue, strength
in 90° direction
GLARES  2024-T3 0.2-0.5 0/90/90/0 0.5 Impact, shear, off-
axis properties
GLARE6A  2024-T3 0.2-0.5 +45/-45 Shear,  off-axis
properties
GLARE6B  2024-T3 0.2-0.5 -45/+45 0.5 Shear, off-axis
properties
7475- 0.3-0.4 GLARE2-5 GLARE 2-5
T761
7075-T6 0.3 0/0 0.22  Fatigue, strength
2024-T3 0.3 0/0 0.22 Fatigue, damage
tolerant
7475- 0.3 0/0 0.22 Fatigue,
T761 toughness
2024-T8 0.3 0/0 0.22 Fatigue, eclevated
temperature prop.

S5y 1) Ol (nl (posilad b powieaddl (3Rl Sl 1) FML izl (o3Sile o LB

QJ..\JLU..:‘ alises Edwwd w 3O O)BK O}B)A‘ .69.0.3 .)L’?o‘ ‘) FML )‘ =9 s..(b.b Q‘}u as 0)915.0

w23 hales 35T (03l 4 az g b 1) FML (glags 5 ol V=) IS5 00,5 0 0y

' Glare Reinforced Aluminum Laminate (GLARE)
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FIBRE METAL LAMINATES

FMLs including
alternating metal alloys

N/

FMLs including
aluminium alloys

ARALL
= Aramidfibre reinforced
aluminium faminate

ARALL 2 Titanium based
EALS
ARALL 4

CARALL
= Carbonfibrereinforced
aluminium laminate

Magnesium based
FMLs

{11

= GLARE 2

GLARE GLARE 3
> Glassfibre reinforced
aluminium laminate

GLARE 5
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' Turbofan
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Abstract

Fiber metal laminate are among the most widely used in aerospace industry .conventional
forming method is not presented for this material because of low formability is
demanding. In this thesis hydromechanical deep drawing technology is applied in order
to recognize the drawing height of FML. FML has been made by AA1050-0 as metal
layer and composite core that had made with fiber glass and Polyurethane matrix. Hot
press machine with time and temperature control has been used to produce FML. The
initial sheet is formed into the die cavity with a press that equipped by hydronic
appliances. The influence of process parameters such as chamber pressure, pre-bulging
pressure and drawing ratio investigated on drawing height. In numerical analyses Abaqus
explicit solver is applied. Sheet metal is considered as an elastic-plastic material.
Anisotropy behavior of sheet metal is forgotten and FLD damage criteria is take into
account for rapture modeling of sheet metal. And also, Characteristic curve of chamber
pressure according to drawing ratio for composite sheet that had been made is achievd.
The results indicate that deepest safe products has been performed in pre-bulging pressure
of 35 bar. Besides, the range of desirable chamber pressure will be narrower in higher
drawing ratio. The comparison of numerical and experimental results determined that
Finite element modeling has been used to simulation of FML forming has acceptable
estimate of accuracy.

Keywords: Fiber metal laminate, FML, Hydromechanical drawing, Chamber pressure,

Characteristic curve, Drawing ratio.
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