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3D-Woven Composite production

The 3D weaving process is 
compatible with any type of fiber.
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Lighter and more shock-resistant than aluminum

MRL 9 with patents 

The airplane engine made from these 
materials can withstand impacts at speeds of 
more than 300 m/s.
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The samples – fiber carbone and resina epoxy composite

Department / Company / Date

Armor SPPI-03-03, RCT50%, TVF60%, 3 layers, fibrersT1100/resina epoxy Pr520, process RTM, Thickness = 2,6 to 2,7 mm

SN01 à SN09

SN10, SN12, SN17 & 

SN18 non-compliant

SN10 à SN18
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The experimental setup

Department / Company / Date

Speed 
(km/s)

Plate1 Plate 2 Plate 3 

4 Al Al Al

4 Composite Composite Al

3 Composite Composite Al

2 Composite Composite Al

Aluminium ball projectile ø8 mm

Aluminium plate Al6061T6 thickness=1,5mm 4,05 g/cm2

Composite plate thickness=2,65mm, 4,13 g/cm2

→ Same surface density
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The facility

Department / Company / Date
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First shoot (only aluminium)

Department / Company / Date

Good fragmentation :

- zones B, C and D are visible

- Linear expansion of the bulb

Numerous craters and individual 

perforations around the hole

Bumper n°2

Test n°1 – 3,9 km/s

Al/Al/Al

D

D = 40 mm

D
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Second shoot

Department / Company / Date

The resin cloud is opaque, but zone B 

remains distinguishable. The 

fragmentation appears to be good.

No secondary impacts

Bumper n°2

Test n°2 – 3,9 km/s

Composite/Composite/Al
D

D

D = 33 mm
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Third shoot

Department / Company / Date

Bumper n°2

Test n°3 – 3,2 km/s

Composite/Composite/Al

D bulb

D perforation < D bulb

D perforation < D bulb

Partial fragmentation
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Fourth shoot

Department / Company / Date

Test n°4 – 2,3 km/s

Composite/Composite/Al

No fragmentation: all three plates exhibit 

perforations of the same diameter.
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Bumper n°1 analysis

Department / Company / Date

Bumper n°1

1st column : Perforation diameter equals 

the projectile diameter at all impact 

velocities.

2nd column : Resin plastic plasticization is 

confined to the area around the 

perforation.

3rd column : X-ray analysis : 

No cracks, delamination, or damage 

outside the hole

3,9 km/s

3,2 km/s

2,3 km/s

3,9 km/s - Alu
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3,9 km/s

3,2 km/s

2,3 km/s

Bumper n°2 analysis

Bumper n°2

1st column : Perforation diameter 

increases with impact velocity.

2nd column : Resin plastic plasticization is 

confined to the area around the 

perforation.

3rd column : X-ray analysis : 

No cracks, delamination, or damage 

outside the hole
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Tomography Bumper n°2

Department / Company / Date

3,9 km/s

3,2 km/s

(1) (2)

Bumper n°2

(1) Surface damage accumulation on 

the impacted face

→ Micro-impacts around the hole within 

an 80 mm diameter envelope (maximum 

cloud diameter)

(2) Internal damage accumulation 

(subsurface region)

→ No cracking, decohesion or 

delamination

80 mm
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Aluminium 3rd plate analysis

Department / Company / Date

3,9 km/s 3,9 km/s 3,2 km/s 2,3 km/s

Al/Al/Al
Composite/Composite/Al

Tearing wider than 

aluminum reference

Diameter

80 mm

Same as aluminium 

reference
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Conclusions

Department / Company / Date

- No cracking, decohesion or delamination of the composite

- The composite could withstand several impacts

- No generation of secondary debris

Future tests :

- To select the most effective fibers for fragmenting the projectile.

- 1mm projectile

- To demonstrate that the projectile cannot pass through the 

composite's mesh openings, unlike in a 2D woven composite.
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