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AGENDA:

• What is composite

• Composite Structure types

• Comparing Density and tensile strength

• Fiber types, Carbon, Glass, Aramid. And other fibers.

• Dry fibers, prepreg types and adhesive films.

• Cobber and aluminum mesh.

• Matrix material: Thermoset and thermo plastic. (and deferent types of resins) (Plastic Law)

• Matrix handling and calculation.

• Filler materials

• Core material types.

• Composite and robotic.
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WHAT ARE COMPOSITE 

Composite are materials produced by combining two or more other materials

Natural:

Man-made Composite:
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WHAT ARE COMPOSITE 
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F35
Joint Strike Fighter
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EH 101     
MERLIN
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Tendency of the mix of materials used in aircraft construction.
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Galvanic Corrosion 
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• Composite materials consist of a combination of
materials that are mixed together to achieve specific
structural properties.

• Glass GFRP, Carbon CFRP and Aramid AFRP.

• Matrix, Thermosetting and Thermoplastics.

• Core materiel.

• Monolithic Structure

• Sandwich Structure

• Core Composite
Matrix, Thermo Setting 
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DENSITY / VÆGT FYLDE
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Tensile Strength Compared to Density
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THE FIVE STRESSES THAT MAY ACT ON AN AIRCRAFT AND ITS PARTS.
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GLASS FIBRE.

• Glass Fibers GFRP:
• First used in 1940 for radome structure which was 

transparent to Microwaves.

• Used as secondary structure.
• Medium resistance against tension and 

compression.
• Medium impact resistance.
• Good elasticity. 

• E-Glass, most common used.
• "E" because of initial Electrical application.
• Not resistant against Acids.
• Alumino-borosilicate Glass, with less than 1 % alkali 

oxides.

• S-Glass used for aerospace high performance application 
only, temp. stable up to 700°C.

Oplægsholder
Præsentationsnoter
Glass Fibers:	Carbon Fibers:Aramid Fibers:	• the highest tensile strength and resistance to impact of any Composite reinforcing fibre	• stiffer than glass but only about half as stiff as carbon fibers	• about 40% lighter than glass fibers	• ten times as strong as aluminum	• up to 400% stronger than comparable glass reinforced laminates	• up to 20% stronger than comparable carbon reinforced laminates.
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CARBON FIBRE.

• Carbon Fibres CFRP:

• Developed in 1960 and  first used on A/C in 1980.
• 3 to 10 times stronger then Glass Fiber.
• Used for Floor beams, Stabilizer, Flight controls, primary Fuselage 

and Wing Structure.

• Temperature coefficient negative and Low thermal expansion.
• High - stiffness, tensile strength, low weight, high chemical 

resistance, high temperature tolerance and High Modulus.

• Boren used as coating, extend the strength twice.

• Poor impact resistance. 
• Lower conductivity the Aluminum, therefor Wire mesh are added as 

coating to protect against Lightning strike.
• High Cost.

• High potential for causing galvanic corrosion with metallic fastener. 

Polyamide 
coated
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ARAMID FIBRE.

• Aramid Fibers AFRP:

• Made from Aromatic polyamide. (Nylon) DuPont Kevlar.
• Long chain molecules in regular, parallel lines.

• Two types used in aviation Kevlar 49 has a high stiffness 
and Kevlar 49 has a Stiffness.

• Used where high possibility for impact.

• Very high impact strength.

• Absorbs moisture/Water easy up to 8 % of own Weight.
• Du not resist flame.
• Du not absorb resin as glass and carbon fibers.
• Easy delamination.

Oplægsholder
Præsentationsnoter
Kevlar is simply a super-strong plastic. If that sounds unimpressive, remember that there are plastics—and there are plastics. There are literally hundreds of synthetic plastics made by polymerization (joining together long chain molecules) and they have widely different properties. Kevlar's amazing properties are partly due to its internal structure (how its molecules are naturally arranged in regular, parallel lines) and partly due to the way it's made into fibers that are knitted tightly together.
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OTHER FIBERS

• BOREN FIBERS:
• Very Stiff, have a high tensile and Compressive strength.
• Epoxy matrix used together with Boren fibers.
• Used to repair crack on aluminum skin because the thermal 

expansion are close to Aluminum. 
• Very expensive and hazardous to personnel.
• Primarily used in military aviation.

• CERAMIC FIBERS:
• For high temperature application up to 2200 °F.
• Turbine blades in gas turbine engine. 

• LIGHTNING PROTECTION FIBERS:
• Metallic Wire mesh.

• Polyester
• For surface finish.

• Polyethylene
• vand- og afløbsrør, flasker, baljer, spande og legetøj.

• Natural Fibers.
• Plant Fibers. 
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MATRIX MATERIALER.

• Epoxy thermo setting Resins are common used on aircraft industri.

• Epoxy thermo setting Resins are common 2 part mix ratio.

• Properties such as heat resistant, flame proofing in a calculation in design stage.

• Have good Wettability to the fibers or surface to be bonded (substrate) and develop very
good adhesion upon cure.

• Should not give off volatiles (volcano) of any cure products during cure, and not sinking
during cure.

• Should have a simple cure cycle process.

• Should have ambient cure cycle storage.

• Should be tolerant of imperfect processing –should be robust.

• Should have excellent retention of room temperature properties when exposed to
extremes of temperature and humidity.

• Should not have any toxicity hazards in either the uncured form or during decomposition
as would occur for example in an aircraft passenger cabin fire
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• Thermoplastics not common used as aeronautical composite
resins.

• Like metals, soften with heating and eventually melt,
hardening again open cooling.

• Material can be shaped by molding or extrusion when it is
soft.

• Can be reused as plastic.

• THERMOPLASTICS
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• THERMO SETTING PLASTICS

• Thermo Setting Plastics  material (Thermosets):
• Resin and Hardener are mixed and undergo a non-reversible chemical reaction to form hard,

infusible crystalline polymer.

• During Cure process most resins produce heat and can lead to runway exothermy and fire if
incorrect mix ratio are not meet.

• After Cure process Thermosets will not become liquid again.

• Phenolic Resins:
• Mostly metal to metal bonding, cabin furnishing where low smoke toxic gas is

advantageous. (125°C to 150°C)

• Epoxy Resins:
• Most widely used for aerospace adhesive and composite application. 
• Room temperature cure process.
• 121°C cure process.
• 177°C cure process.

https://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiF-sXH19HMAhVBpiwKHQOcC-QQjRwIBw&url=https://www.google.com/patents/US6468659&bvm=bv.121658157,d.bGg&psig=AFQjCNHb2vKi_PxzjEDQKO8aektv0eBlYg&ust=1463044308579072
http://www.google.dk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj_1tr_1tHMAhWE2SwKHeC4C8cQjRwIBQ&url=http://www.henkel-adhesives.com/com/content_data/364642_Henkel_Composite_Repair_Webinar_for_CW_by_Gomez__final_201493.pdf&bvm=bv.121658157,d.bGg&psig=AFQjCNHb2vKi_PxzjEDQKO8aektv0eBlYg&ust=1463044308579072
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• AIRBUS REPAIR MATERIAL
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<1> Gelation at RT (Room Temperature) not required. Cure cycle can be applied directly.
<2> Curing cycle can be applied after 60 minutes with full vacuum pressure and before 180 minutes.
<3> 93 °C (199 °F) is the minimum cure temperature, Tolerances: 0/+ 10 °C (18 °F) on curing
temperature and 0/+15 minutes on curing time.
<4> Tolerances: ±5 °C (9 °F) on curing temperature and 0/+ 15 minutes on curing time.
<5> Heat up rate 1° C to 3° C (2° F to 6° F) per minute.

Cool down rate maximum 3° C (6° F) per minute.

Pot LifeP:N: Curing cycleGel TimeMixing ratio

LAMINATING EPOXY RESIN
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• TDS - Technical Data Sheet

• HENKEL HYSOL EA 9396
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Classroom task 

Make a calculation:

1. 112 g Glass fiber need resin 1.2 times with 2-part Epoxy resin 
(A/B) mixed by 100/35, how much gram resin and harder you 
need?

2. 80-gram Epoxy resin needed, calculate the needed harder and 
resin?

Resin/Harder Mix Ratio by Weight: 100/35
Calculation:
Total weight of Resin/hardener mixture is = Glass fabric gram * 1.2 

Weight of resin needed = 100/135 * Glass fabric gram * 1.2
Weight of hardener needed =   35/135 * Glass fabric gram * 1.2
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FORUD-IMPRÆGNEREDE OG TØR FIBER MATERIALER.
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Plain Weave

Twill 2 x 2 

Fish

Twill 4 x 4

Unidirectional woven 

4H satin 
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Unidirectional (Tape) and Bidirectional (Fabric)
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Fabric Identification

Style 120 E-Glass
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• Glass fiber 1 : 1.2
• Carbon Fiber 1 : 1.3
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PREPREG MATERIAL 

• A prepreg is a sheet of fiber reinforcement impregnated with the resin/hardener system.

• Only enough Resin to cure its own fiber.

• Shelf life expire.

• Transported and Stored in sealed bags at -18°C or below, with record.

• Film Adhesive are used combined with Prepreg. 

• Fiber/Glass Laminate. (GLARE)

Carbon, Glass Prepreg and Film adhesive  

Freezer room with record 
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CORE, SANDWICH STRUKTURER HERUNDER KERNEMATERIALE

• Core Materials:

• Aramid Paper Honeycomb.
• Aluminum Honeycomb.
• Glass Fiber.

• Hexagonal Honeycomb Core.
• Over expanded Core.
• Flexi Core.
• Rectangular Core.
• Reinforced Hexagonal Core.
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CORE HONEYCOMB FABRICATION AND DIMENSION
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COBBER AND ALUMINUM MESH

 Shields from Electromagnetic Interference and Electrostatic Fields
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Human Factors

INCIDENT ACCIDENT 
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PERSONLIG SIKKERHED VED 
REPARATIONER.

HEALTH AND SAFETY:

• Handling of Resins, cleaning and  curing agency.

• MSDS - Material safety data sheet (Identification).

• Fume and dust extraction.

• Skin protection.

• Disposal of uncured resin and contaminated material and tool.

• Flammability risk.

• Glass, Carbon and aramid fibers awareness.

MAL KODE

MSDS EA 9396
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• HENKEL EA 9396 Part A/B

• Point 8
•
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MAL Kode.

Oplægsholder
Præsentationsnoter
Forklar om dokumenter som skal være tilstede ved udførsel as opgaven.
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• MSDS 
Instruction

• SHOP Regulation

 House Keeping.
 No Resin on floor.
 Meet in class after daily task.

• PP   
Instruction
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