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Design of Composite Structures

Blended Wing Body (BWB) 
flight demonstration vehicle
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Design of Composite Structures 

Manned Rescue Submersible Composite 
Components
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– Performance of the laminate depends on the 
chosen resin and fibre combination

– Mechanical properties – Strength, stiffness, Impact
– Physical properties – Fire resistance, weight, Radar 

signature 
– The resin/fibre combination also effects the 

manufacturing process

The design of a composite component
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Boeing X48B

• 1st Design Study
• To prove flight characteristics for a BWB
• To prove the Flight control software
• The craft is flown via a pilot in a ground control station
• The craft has a 22 ft wing span

8.5% Scale Boeing / Cranfield BWB X-48B
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Boeing X48B

• 1. Low weight and 
scaled inertia

• =2. Strength

• =2. Stiffness
• =3 Cost 
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Boeing X48B

• Low weight and inertias were met by using 
carbon fibre epoxy resin pre-preg.
– The cloth is supplied pre-impregnated with resin

• Process closely controlled which gives a laminate 60% cloth 
by weight

• The carbon has superior strength & stiffness for 
a given weight than glass fibres.

• Epoxy generally gives a higher strength matrix 
than polyester.

• Epoxy doesn’t  shrink in the curing process
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Boeing X48B

• Cost implications of 
choosing carbon
– Carbon is 

approximately 3 to 4 
times the cost of glass 
fibre

– Performance of vehicle 
is very important

– Carbon extra cost is a 
relatively small 
increase compared to 
total price of project
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Boeing X48B

• Is there reliable test 
data available for the 
chosen material?
– What type of coupon 

testing is needing ?
• Tensile, compression, 

interlaminar, 
intralaminar, modulus

• Bond allowables
• All the above at RT and 

hot/wet
• Very costly
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Boeing X48B

• What are the 
manufacturing 
properties ?
– Layup

• Tack, drape

– Cure temperature
• Autoclave needed

– Tooling
• Low temp
• High temp
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Boeing X48B

• Design
– 3D modelling in CATIA V5

– Structural analysis using FEMAP and MSC 
Nastran

• The structure was sized by 
– Initial hand calculations  
– The laminates thickness were entered into the 

FEM and a layer by layer analysis is output
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Boeing X48B
FEM of Full Aircraft

XY

Z

V1
C3
G151
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Boeing X48B

• Structural testing
– Local testing 

• Undercarriage 
attachment

• Drogue Chute
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Boeing X48B

• Structural test
– Primary structure 

• Wings & wing attachment
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Boeing X48B at Langley
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Manned Rescue Submersible

• 2nd Design Study
• The Submarine has a crew of 2 and can 

rescue 19 seamen at a maximum depth of 500 
metres.
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Design Specification
Ballast tanks

• =1 Contain 275 litres of sea 
water during 3g crash

• =1 Withstand 1 bar over pressure 
from pump

• =1 Manufactured from fire 
retardant material

• =2 Cost

• =3 Weight
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Design Example
Ballast tanks

• To obtain Fire 
retardant & low 
smoke & toxicity from 
the component
– Phenolic Resin

• Certification issues with 
Lloyds

– Cellabond Phenolic 
resin is certificated by 
Lloyds
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Design Example
Ballast tanks

• Cost were kept low by using Glass Fibre
– Glass Fibre also has other advantages 

– Excellent strength properties
– Good damage tolerance
– Low moisture absorption

• 2x2 Twill weave was chosen which gives a
pliable fabric with good drape

• A 400g/m^2 cloth is used to enable thick 
sections to be laminated in a reduced time
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Design Example
Ballast tanks

• Low costs
– Hand layup
– Low cost tooling moulds only 

needed for one component
– Limited equipment needed

• Weight
– Stress analysis is used to 

reduce number of plies to a 
minimum

– Good laminating techniques 
ensure 50% cloth by weight.

– Good cloth drape ensures low 
bend radii with no resin rich 
corner



www.fineunit.com

Manned Rescue Submersible
Forward Internal Ballast Tanks
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Manned Rescue Submersible
Aft Internal Ballast Tanks

Photograph removed
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Manned Rescue Submersible

• Acrylic Viewport and 
Conning tower

• Sealing
– Temperature
– Pressure

Photographs removed
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Manned Rescue Submersible

• Design of the conning 
tower including the 
Acrylic dome and its 
attachment

 

Seating 
ring 

 

Stress Linearization area 
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Manned Rescue Submersible
• Non-linear contact FEM of the Fwd Viewport

Retain
ing 
ring to 
viewp
ort 
machi
ning  
contac
t 
surfac
e

Neoprene to acrylic 
contact surface.  
Neoprene connected to 
retaining ring i.e. no 
contact surface

Acrylic to 
viewport 
machining 
contact 
surface


