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Motor Yacht (MY) Design

Fast
Fuel Efficient

Spacious | Affordable
Open Design Cost Competitive




Structural Design

Lightweight
Structure

Minimal Structural ' Economical
Interference Material Use

Why Carbon?

Carbon is Future.
SGL Group - The Carbon Company.




Raw Material Properties
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-E — Glass and Carban as Sandwich Panels (20'm:m>C_bre)_ :
Aluminum solid beam 30mm Thickness




Reduced Reinforcement
Material

 Carbon Epoxy 3 — Core — 3 layup
E — Glass Epoxy 6 — Core - 6 layup

« 35mm Core Thickness

Max Deflection
500 x 1250 Beam

Bending Stress

Max Deflection
500 x 2500 Beam

Bending Stress

Max Deflection

500 x 5000 Beam

Reduced Reinforcement
Material

+ Plate panel sized to sample Azimut Yacht design dimensions

» .2003 and 2013 reinforcement pricing of layups

Total Layers in Layup 12 + Core

Max Deflection (mm) 1.273

1585 x 1840 Bending Stress (MPa) 214

Panel Safety Factor SF=25
8mm Core

Layup Weight (g/m?) 3,301

2003 Reinforcement Cost (€) 28

2013 Reinforcement Cost (€)
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Manufacture Process

» Consideration of full ‘picture’ required
- Reinforcement (0/90°, +/-45°, Weave Type, Woven / Stitched)
* . Resin (Chemical Type, Polymerisation Process Chosen)
* . Curing (Temperature Regime, Min Pressure, Time) - - -

« Claimed Mechanical Properties (Testing Method)
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Manufacture Process
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Hexcel Corporation

» Single Bi-Directional Fabric (0/90°)
* 673 g/m? B

+ 0.8 bar, 60°C for 16 hours . .
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SGL Group ,

* 4 Layer Double Bias (+- 459)
* 600 g/m? EE |

« 0.7 bar, 60°C for 16 hours
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Application to Structural Design

All Carbon Design

RINA Class Compliant Design,
Azimut Stiffness & Depth Compliant

Prepreg Epoxy Fabrics Used
« Bi-Axial 200 g/m?
« UD 476 g/m?2

Plate Layups

* 3 —Core -3 Layups (+2 UD in High o
Areas)

e 20mm and'100mm Core

Stiffener Layups

- 120 or 180mm Total Depth

» - 20mm Plate + 100/160 Core + 10 UDs
*  100mm Plate + 80 Core + 10 UDs




All Carbon Design

Patran 2010 64-Bit 11-Dec-13 15:24:00
Fringe: Default, Al:Static Subease, Displacements, Translational, Magnitude, (NON-LAYERED)

Displacement [Magnitude] (mm)
Max Displacement = 54.4

Patran 2010 64-Bit 11-Dec-13 16:36:13
Fringe: Default, Al Static Subcase, Stress Tensor, , von Mises, Lager 1

Stress [VM] (MPa)
Max Stress= 117
(RINA = 304 MPa)

Equivalent Stiffness

All E-Glass

+ -E-Glass reinforcement
+ Plate and Stiffener

* ' Prepreg Epoxy
* Bi-Axial 600g/m?
» UD 600g/m?

» Method to obtain stiffness
~Increased Core Thickness
Additional Reinforcement

 Layers
- Reduction in Stiffener Spacing

Hybrid Structure

- Material Combination
 E-Glass for Plate Reinforcement
« Carbon stiffener flange

 Prepreg Epoxy ‘-
+ ' E-Glass Bi-Axial 600g/m?
* E-Glass UD 600g/m?
 _ Carbon UD 476g/m?

» Method to obtain stiffness
. Inrcreased Core Thickness
+ - Additional Reinforcement Layers -




Summary of Designs

E-Glass 2+10 27,135 162, 243 +35%
Extra Core -
[EGEEs 10 3+13 20, 100 120, 180 +420% [
Reinforcement L=
Hybrid 2+10 23, 116 139, 209 +16%
Extra Core
‘ . Hybrid 3+12 20, 100 120, 180 +25%
Reinforcement

uD
Bi-Axial

Structural Weight (kg)

Carbon Control E Glass Core E Glass Hybrid-Core Hybrid
Reinforcement a _Reinforcement




Structural Weight Advantage

i

180mm Max Depth,
Al Garisa RINA, Azimut Regs.

180mm Max Depth (Control
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— ffener Spacing

+35% Core Thickness
+42% Reinforcement Layers

180mm Max Depth (Co |

Carbon Stiffeners +16% Core Thickness

+25% Reinforcement Layers

35000,0

30000,0

25000,0

15000,0

Material Costs (€)

10000,0

T T T —r—

Carbon Control = E Glass Core E Glass Hybrid-Core Hybrid
Reinforcement a _ Reinforcement




All Carbon

Material Cost Comparison

180mm Max Depth,
RINA, Azimut Regs.

180mm Max Depth (Control)

—50% Stiffener Spacing

+35% Core Thickness

+42% Reinforcement Layers

180mm Max Depth (Control)

E—Glass Plate,
Carbon Stiffeners

+16% Core Thickness

+25% Reinforcement Layers

Carbon Control

(31,364)

E — Glass Core

2,446

E — Glass Reinforcement

[-2,176]

Hybrid Core

3,927

Hybrid Reinforcement

1,073




Carbon Case Study Yachts

Laurel.
~+ LOA=38m *LOA=73m
«V .. =55knots » Low S/S Profile Requirement

max

Production Methods

* Improving Fibre Volume Fractions
- Open Mould Hand Layup
» Closed Mould Resin Infusion
» Vacuum Bagging w/ Prepregs

* . Decrease in required resin
» Void Reduction
+ Consistency of cured properties
* Higher performance resins (Epoxy)

 Shipyard Emission Reductions
* Environmental & Work_er Safety
* Move to Closed Moulding




Future Technologies

: Fibre Placement Technology
Fabric Improvements R -
TeXtreme momomme

Spread Tow Fabrics for ultra light composites « Optimized Reinforcement Solutions

1 The Spread Tow structure Straighter fibers Lower crimp reduce the
makes it possible to reduced crimp optimize amount of excess plastic,
achieve thinner laminates.  and strengthen the composite. thereby minimizing weight.

Nano Particles = §
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APPLICATION OF FINISH

Future Technologies

Adhesive Bonding Improvements

Stress acting on

] s Improved Understanding of
Inter — Layer Stresses

Light source

FBG
-I - e i sensor

(b) Fiber breakage

reflected light transmitted light

(<) Failure initiated by local stress

concentration and peak stress = .E .
= _F
— I 1

max. shear strength [MPa]

Eg 90% AF. 10% CSF
E}

peekply 600 mJlcr
(reference) 50Hz. H
2Pulses 16Pulses ZPuises 16 Pulses 48 Pulses




Questions

Minimal Lightweight
Structure Structure

Soup

The Right Reinforcement

Economical
Material Use

The Right Resin




