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ƸǒǐǎǐǅǊƽǄǒǂǍǍǂ ƮǂǉǈǍƽǕǚǎ

ɮ .́ 

ɾʰʻΦ
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1 ʆˊʾˍʹΦ 1/3 ɼʶ˒ʱ˂ʰʽˇ м    ɮˉˈ л ʷ˖ˌ рф

2 ʆˊʾˍʹ. 8/3 ɼʶ˒ʱ˂ʰʽˇ м    ɮˉˈ рф ʷ˖ˌ фу

3 ʆˊʾˍʹ. 15/3 ʆʷ˂ˇˌ ɼʶ˒Φм Ҍ ɼʶ˒ʱ˂ʰʽˇ н ʷ˖ˌ рн

4 ʆˊʾˍʹ. 22/3 ɼʶ˒ʱ˂ʰʽˇ о ʵʽʰ˒Φсн

5 ʆˊʾˍʹ. 29/3 ɼʶ˒ʱ˂ʰʽˇ п ʵʽʰ˒Φрс

6 ʆˊʾˍʹ. 5/4 ɼʶ˒ʱ˂ʰʽˇ р ˃ʷ˔ˊʽ ˍʷ˂ˇˌ

7 ʆˊʾˍʹ. 12/4 ɼʶ˒ʱ˂ʰʽˇ с ˃ʷ˔ˊʽ ʵʽʰ˒Φпл

8 ʆˊʾˍʹ. 3/5 ɼʶ˒ʱ˂ʰʽˇ т ʵʽʰ˒Φос

9 ʆˊʾˍʹ. 10/5 ʆʱˋʶʽˌ ʵʽʰ˒Φнф

10 ʆˊʾˍʹ. 17/5 ʆʱˋʶʽˌ ˃ʷ˔ˊʽ ˁʰʽ ʃʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˍʷ˂ˇˌ

11 ʆˊʾˍʹ. 24/5 ɾʽˁˊˇ˃ʹ˔ʰ˄ʽˁʺ ˃ʾʰˌ ʅˍˊ˗ˋʹˌΣ ʵʽʰ˒Φнф

12 ʆˊʾˍʹ. 31/5 ɾʽˁˊˇ˃ʹ˔ʰ˄ʽˁʺ ˃ʾʰˌ ʅˍˊ˗ˋʹˌ



ƵǊ ǆǀǎǂǊ ƾǎǂ ǔǞǎǉǆǕǐ ǖǌǊǋǝ ?

Ƶǀ ǆǀǎǂǊ ƾǎǂ ƴǞǎǉǆǕǐ ƶǌǊǋǝ?

ƦǖǔǕǖǘǟǓ ǅǆǎ ǖǑƽǒǘǆǊ ƾǎǂǓ ǆǖǒƾǚǓ ǂǑǐǅǆǋǕǝǓ ǐǒǊǔǍǝǓ ǄǊǂ Ǖǐ ǕǊ ǂǋǒǊǃǟǓ ǆǀǎǂǊ ƾǎǂ 
ǔǞǎǉǆǕǐ ǖǌǊǋǝ. ƜǎǂǓ ǂǑǝ ǕǐǖǓ ǐǒǊǔǍǐǞǓ ǆǀǎǂǊ:

ɐƴǞǎǉǆǕǐ ƶǌǊǋǝ (composite material ) ǆǀǎǂǊ ƾǎǂ ǔǞǔǕǈǍǂ ǖǌǊǋǟǎ Ǒǐǖ ǑǒǐǋǞǑǕǆǊ ǂǑǝ 
Ǖǈǎ ǍǀǏǈ ƿ Ǖǐǎ ǔǖǎǅǖǂǔǍǝ ǅǞǐ ƿ ǑǆǒǊǔǔǐǕƾǒǚǎ ǎƽǎǐ- , Ǎǀǋǒǐ-,  ƿ Ǎƽǋǒǐ- ǔǖǎǊǔǕǚǔǟǎ 
(ǖǌǊǋǟǎ) Ǖǂ ǐǑǐǀǂ ǅǊǂǗƾǒǐǖǎ ǔǕǈǎ ǅǐǍƿ ǋǂǊ Ǖǈǎ ǘǈǍǊǋƿ ǔǞǔǕǂǔǈ ǋǂǊ ǆǀǎǂǊ ǂǅǊƽǌǖǕǂ Ǖǐ 
ƾǎǂ ǔǕǐ ƽǌǌǐɑ.

ƜǎǂǓ ǅǆǞǕǆǒǐǓ ǐǒǊǔǍǝǓ ǆǀǎǂǊ:

ɐƜǎǂ ƴǞǎǉǆǕǐ ƶǌǊǋǝ ǑǂǒƽǄǆǕǂǊ ǂǑǝ Ǖǐǎ ǔǖǎǅǖǂǔǍǝ ǅǞǐ ƿ ǑǆǒǊǔǔǐǕƾǒǚǎ ǖǌǊǋǟǎ Ǎǆ 
ǔǋǐǑǝ ǎǂ ǑǒǐǋǞǙǆǊ ƾǎǂ ǖǌǊǋǝ Ǎǆ ǊǅǊǝǕǈǕǆǓ ǅǊǂǗǐǒǆǕǊǋƾǓ ǆǋǆǀǎǚǎ Ǖǚǎ ǂǒǘǊǋǟǎ ǖǌǊǋǟǎɑ.

ƧǎǔǚǍǂǕǟǎǐǎǕǂǓ ǀǎǆǓ (fibers ) ƿ ǋǝǋǋǐǖǓ (particles ) ǆǎǝǓ ǖǌǊǋǐǞ ǔǆ ƾǎǂ ƽǌǌǐ ǖǌǊǋǝ 
Ǒǐǖ ǐǎǐǍƽǇǆǕǂǊ ǍƿǕǒǂ (matrix ), ǐ ǔǘǆǅǊǂǔǕƿǓ Ǖǐǖ ǔǖǎǉƾǕǐǖ (composite ), ǍǑǐǒǆǀ ǎǂ 
ǆǑǊǕǞǘǆǊ ǊǅǊǝǕǈǕǆǓ Ǒǐǖ ǋǂǎƾǎǂ ǂǑǝ Ǖǂ ǂǒǘǊǋƽ ǖǌǊǋƽ ǅǆǎ ƾǘǆǊ.
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ƱƳƫƴƮƱƴ ƵƱƶ ƴƶƯƪƧƵƱƶ ƶƭƫƬƱƶ

ɐƱǎǐǍƽǇǐǖǍǆǔǞǎǉǆǕǐǖǌǊǋǝ(composite  material ),  ƾǎǂǖǌǊǋǝǑǐǖǑǒǐǋǞǑǕǆǊǂǑǝǕǈǎ
ǗǖǔǊǋƿƿǍǈǘǂǎǊǋƿǂǎƽǍǊǏǈǅǞǐƿǑǆǒǊǔǔǐǕƾǒǚǎǖǌǊǋǟǎǍǆǔǋǐǑǝǕǈǎǂǎƽǑǕǖǏǈǆǎǝǓ
ǎƾǐǖǖǌǊǋǐǞǕǐǐǑǐǀǐǎǂƾǘǆǊǆǎǅǊƽǍǆǔǆǓǊǅǊǝǕǈǕǆǓǂǑǝǆǋǆǀǎǆǓǕǚǎǔǖǎǊǔǕǚǔǟǎ
Ǘƽǔǆǚǎɑ.

ƜǕǔǊ,ǔǆƾǎǂǔǞǎǉǆǕǐǖǌǊǋǝ,ǅǊǂǋǒǀǎǐǖǍǆǕǈǎǔǖǎǆǘƿǗƽǔǈ(continuous  phase )  ƿ
ǍƿǕǒǂ(matrix )  ǋǂǊǕǈǎ/ǕǊǓ Ǘƽǔǈ/ǗƽǔǆǊǓǆǎǀǔǘǖǔǈǓ ( reinforcement ) .

Ʋ.ǘ. ƴǆƾǎǂGFRP (Glass  Fiber  Reinforced  P lastic) , ǈǍƿǕǒǂǆǀǎǂǊǕǐǑǌǂǔǕǊǋǝǋǂǊǈ
ǆǎǊǔǘǖǕǊǋƿǗƽǔǈǆǀǎǂǊǐǊǀǎǆǓǄǖǂǌǊǐǞ.

 ƴǆƾǎǂCFRP (Carbon  Fiber  Reinforced  Plastic) , ǈǍƿǕǒǂǆǀǎǂǊǕǐǑǌǂǔǕǊǋǝǋǂǊǈ
ǆǎǊǔǘǖǕǊǋƿǗƽǔǈǆǀǎǂǊǐǊǀǎǆǓƽǎǉǒǂǋǂ.
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ƵǞǑǐǊ ƮƿǕǒǂǓ ǋǂǊ ƧǎǊǔǘǖǕǊǋǟǎ
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ɳʽʵʽˁʷˌ ɼʰˍʹʴˇˊʾʶˌ ʅˎ˄ʻʷˍ˖˄ ʇ˂ʽˁ˗˄

In addition to the above categories, there are the following categories:

Laminates: These usually consist of several layers in each of which long fibers are arranged in parallel in a 
different direction per layer.

Sandwich Composites: These usually consist of two metal surfaces (skins) and between them is a third 
material called the core (Core).

Hybrid Composites: These are composites that are reinforced by two or more types of inclusions that 
differ in either nature, or geometry, or both.

Composite materials reinforced with fiber fabrics (Woven)

Natural composites e.g., the wood, the bones, the tissues.

Green Composites, where the reinforcement and the matrix are made of natural raw materials.



ƭƧƫƵƱƶƳƥƫƧƴ ƵƩƴ ƮƩƵƳƣƴ
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6



Ƭǐǋǋǟǅǈ - ƲǐǌǞǔǕǒǚǕǂ ɈƬǐǎǕǝǊǎǂ
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ƲǌǆǋǕƽ (Woven)
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ƵǞǑǐǊ ƲǌƽǏǈǓ(Types of Knitting )
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ƫǔǕǐǒǊǋƿ ǂǎƽǑǕǖǏǈ ǋǂǊ Ƹǒƿǔǈ Ǖǚǎ ƶǌǊǋǟǎ
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Ƨǖǒǆǀǂ ƵǂǏǊǎǝǍǈǔǈ Ǖǚǎ ƴǖǎǉƾǕǚǎ ƶǌǊǋǟǎ

1. ƷǖǔǊǋƽ ƴǞǎǉǆǕǂ

2. ƮǊǋǒǐǔǞǎǉǆǕǂ

3. ƮǂǋǒǐǔǞǎǉǆǕǂ

4. ƯǂǎǐǔǞǎǉǆǕǂ
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ƬƣƵƩƥƱƳƫƧƴ ƮƫƬƳƱƴƶƯƪƧƵƺƯ

1. ƴǖǎǆǘǆǀǓ(ǍǂǋǒƾǓ) ǀǎǆǓ Ǎƾǔǂ ǔǆ Ǎǀǂ ǔǖǎǆǘƿ ǍƿǕǒǂ (continuous or long fibers 
in a matrix ): ǑǂǒƽǌǌǈǌǆǓ ǀǎǆǓ (aligned fibers ) ƿ Ǖǖǘǂǀǐǖ ǑǒǐǔǂǎǂǕǐǌǊǔǍǐǞ 
( random ).

2. ƞǎǆǓ ǍǊǋǒǐǞ ǍƿǋǐǖǓ (short fibers ) Ǎƾǔǂ ǔǆ Ǎǀǂ ǔǖǎǆǘƿ ǍƿǕǒǂ: ƲǂǒƽǌǌǈǌǆǓ 
ǀǎǆǓ (aligned ) ƿ Ǖǖǘǂǀǐǖ ǑǒǐǔǂǎǂǕǐǌǊǔǍǐǞ (random ).

3. Ƭǐǋǋǟǅǈ ǔǞǎǉǆǕǂ ǖǌǊǋƽ (Particulate composites ): (Ƶǂ ǔǚǍǂǕǀǅǊǂ ǍǑǐǒǆǀ ǎǂ 
ǆǀǎǂǊ ǔǗǂǊǒǊǋƽ, ǆǑǀǑǆǅǂ, ǆǌǌǊǙǐǆǊǅƿ, ǂǋǂǎǝǎǊǔǕǐǖ ǔǘƿǍǂǕǐǓ, ǋǆǎƽ ƿ ǔǖǍǑǂǄƿ) 
(spheres, plates, ellipsoids, irregular, hollow or solid ).

4. ƦǊǂǔǑǐǒƽ ǔǚǍǂǕǊǅǀǚǎ ǔǆ Ǎǀǂ ǍƿǕǒǂ (Dispersion strengthened ), ǆǀǎǂǊ ǝǑǚǓ ǋǂǊ 
ǔǕǈ ǕǒǀǕǈ ǑǆǒǀǑǕǚǔǈ, Ǎǆ Ǖǈ ǅǊǂǗǐǒƽ ǝǕǊ Ǖǂ ǔǚǍǂǕǀǅǊǂ ƾǘǐǖǎ ǅǊǂǔǕƽǔǆǊǓ <10 -8m .

5. ƲǐǌǞǔǕǒǚǕǂǋǂǊ ǔǕǒǚǍǂǕǊǋƾǓǅǐǍƾǓ (Laminates and Lamellar structures ).
6. ƣǌǌǈǌǐǅǊǂǘǆǝǍǆǎǂǅǀǋǕǖǂ ǔǖǎǉƾǕǚǎ ǑǐǌǖǍǆǒǐǞǓ-ǑǐǌǖǍǆǒǐǞǓ (Polymer -

Polymer Interpenetrating Networks IPN ).
7. ƶǃǒǊǅǊǋƽ ǔǞǎǉǆǕǂ ǖǌǊǋƽ Ǎǆ ǆǎǊǔǘǞǔǆǊ ǅǞǐ ƿ ǑǆǒǊǔǔǐǕƾǒǚǎ ǖǌǊǋǟǎ ǅǊǂǗǐǒǆǕǊǋƿǓ 
ǗǞǔǈǓ ƿ ǋǂǊ ǅǊǂǗǐǒǆǕǊǋƿǓ ǄǆǚǍǆǕǒǀǂǓ (hybrid composites ) .
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ƥǆǎǊǋƽ,ƾǎǂǍǊǋǒǐǔǞǎǉǆǕǐǖǌǊǋǝ(micro -composite )  ǂǑǐǕǆǌǆǀǕǂǊǔǖǎƿǉǚǓǂǑǝǅǞǐƿ
ǑǆǒǊǔǔǝǕǆǒǂǖǌǊǋƽǑǐǖƾǘǐǖǎǅǞǐƿǑǆǒǊǔǔǝǕǆǒǆǓǗƽǔǆǊǓǍǆǆǕǆǒǐǄǆǎǆǀǓǘǂǒǂǋǕƿǒǆǓ,
ǝǑǐǖǕǐǖǌƽǘǊǔǕǐǎǈǍǀǂǆǀǎǂǊǔǆǍǊǋǒǐǔǋǐǑǊǋƿǋǌǀǍǂǋǂ.

ƧǑǊǑǌƾǐǎ,ƾǎǂǔǞǎǉǆǕǐǍǑǐǒǆǀǎǂǕǂǏǊǎǐǍǈǉǆǀǚǓǎǂǎǐǔǞǎǉǆǕǐ(nano -composite ) ǝǕǂǎ
ǕǐǖǌƽǘǊǔǕǐǎǍǀǂǂǑǝǕǊǓǅǊǂǔǕƽǔǆǊǓǆǎǀǔǘǖǔǈǓǃǒǀǔǋǆǕǂǊǔǕǈǎǑǆǒǊǐǘƿǎǂǎǐǍƾǕǒǚǎ(ǂǑǝ
10 ƾǚǓ200 nm ) .

ƵǝǔǐǕǂǍǊǋǒǐ-ǔǞǎǉǆǕǂǝǔǐǋǂǊǕǂǎǂǎǐ-ǔǞǎǉǆǕǂƾǘǐǖǎǑǐǌǌƾǓǖǑǐǔǘǝǍǆǎǆǓǍǈǘǂǎǊǋƾǓ,
ǉǆǒǍǊǋƾǓ,ǈǌǆǋǕǒǊǋƾǓ,ǐǑǕǊǋƾǓǋǂǊƽǌǌǆǓǆǎǅǊǂǗƾǒǐǖǔǆǓǊǅǊǝǕǈǕǆǓǑǐǖǕǊǓǋǂǉǊǔǕǐǞǎƾǎǂ
ǑǆǅǀǐǆǎǆǒǄǐǞǆǒǆǖǎǈǕǊǋǐǞǆǎǅǊǂǗƾǒǐǎǕǐǓǕǝǔǐǔǕǐǎǂǋǂǅǈǍǂǛǋǝǝǔǐǋǂǊǔǕǐǎ
ǃǊǐǍǈǘǂǎǊǋǝǘǟǒǐ.

ƜǎǂǍǊǋǒǐ-ǔǞǎǉǆǕǐǆǎǊǔǘǖǍƾǎǐǍǆǀǎǆǓǑǆǒǊƾǘǆǊǀǎǆǓǖǙǈǌƿǓǂǎǕǐǘƿǓǋǂǊǍƾǕǒǐǖ,Ǎǆ
ǅǊǂǔǕƽǔǆǊǓǕǈǓǕƽǏǈǓǕǚǎǍǊǋǒǟǎ,ǆǎǔǚǍǂǕǚǍƾǎǆǓǔǆǍǊǂǍƿǕǒǂǍǆǅǊǂǋǒǊǕƾǓǍǆǕǂǏǞ
ǕǐǖǓǅǊǆǑǊǗƽǎǆǊǆǓ( interfaces/interphases ) .

ƮƫƬƳƱ-ƴƶƯƪƧƵƣ Ƭƣƫ ƯƣƯƱ-ƴƶƯƪƧƵƣ
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ƵǖǑǊǋƾǓ ƫǅǊǝǕǈǕǆǓ Ǖǚǎ UD-FRP
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ƧǊǅǊǋƾǓ ƫǅǊǝǕǈǕǆǓ (Specific Properties)

Ʈǆ Ǖǐǎ ǝǒǐ ɐǆǊǅǊǋƿ ǊǅǊǝǕǈǕǂɑ (specific property ) ǆǎǎǐǐǞǍǆ Ǖǐǎ ǌǝǄǐ ǕǈǓ ǕǊǍƿǓ ǕǈǓ 
ǊǅǊǝǕǈǕǂǓ ǑǒǐǓ Ǖǈǎ ǑǖǋǎǝǕǈǕǂ Ǖǐǖ ǖǌǊǋǐǞ.

ƜǕǔǊ, ƾǘǐǖǍǆ ǕǐǖǓ ǝǒǐǖǓ ǆǊǅǊǋǝ ǍƾǕǒǐ (specific modulus), ǆǊǅǊǋƿ ǂǎǕǐǘƿ (specific 
strength), ǋǕǌ.

ƧǊǅǊǋǝ ǍƾǕǒǐ = ǍƾǕǒǐ ǆǌǂǔǕǊǋǝǕǈǕǂǓ / ǑǖǋǎǝǕǈǕǂ = Ƨ/ǒ

ƧǊǅǊǋƿ ǂǎǕǐǘƿ = ǂǎǕǐǘƿ / ǑǖǋǎǝǕǈǕǂ = ǔu/ǒ

Ʃ ǆǊǅǊǋƿ ǊǅǊǝǕǈǕǂ ǆǋǗǒƽǇǆǊ Ǖǈǎ ǕǊǍƿ ǕǈǓ ǊǅǊǝǕǈǕǂǓ ǂǎƽ Ǎǐǎƽǅǂ ǍƽǇǂǓ ƿ ǃƽǒǐǖǓ Ǖǐǖ 
ǖǌǊǋǐǞ.

Ƶǂ ǑǐǌǖǍǆǒǊǋƽ ǔǞǎǉǆǕǂ ǖǌǊǋƽ ƾǘǐǖǎ ǑǐǌǞ ǖǙǈǌǝǕǆǒǆǓ ǆǊǅǊǋƾǓ ǊǅǊǝǕǈǕǆǓ ǂǑǝ ǕǊǓ 
ǂǎǕǀǔǕǐǊǘǆǓ ǊǅǊǝǕǈǕǆǓ Ǖǚǎ ǑǂǒǂǅǐǔǊǂǋǟǎ ǍǐǎǐǌǊǉǊǋǟǎ ǖǌǊǋǟǎ. ƣǖǕǝǓ ǆǀǎǂǊ ǋǂǊ ǐ 
ǋǖǒǊǝǕǆǒǐǓ ǌǝǄǐǓ ǋǂǕǂǔǋǆǖƿǓ ǋǂǊ ǘǒƿǔǈǓ Ǖǚǎ ǔǖǎǉƾǕǚǎ ǖǌǊǋǟǎ.

15



ƴǞǄǋǒǊǔǈ Ǖǚǎ ƧǊǅǊǋǟǎ ƫǅǊǐǕƿǕǚǎ Ǖǚǎ ƲǂǒǂǅǐǔǊǂǋǟǎ 
ǋǂǊ Ǖǚǎ ƴǖǎǉƾǕǚǎ ƶǌǊǋǟǎ

16



17



ƴǞǎǉǆǕǂ ƶǌǊǋƽ ƵǞǑǐǖ Sandwich Ǎǆ Ǒǖǒƿǎǂ 
HONEYCOMB

18



FIBER Ɉ METAL -  LAMINATES

19



20



ARAMID Ɉ ALUMINUM -  LAMINATE  (ARALL)

AL 2024 -T4

0   Kevlar/Epoxy
90 Kevlar/Epoxy
0   Kevlar/Epoxy

21



CARBON Ɉ ALUMINUM Ɉ LAMINATE   (CARALL)

22



Ƶǐ Glass Laminate A luminium Reinforced Epoxy ( GLARE ) 
ǆǀǎǂǊ ƾǎǂ ǑǐǌǖǔǕǒǚǍǂǕǊǋǝFiber -Metal Laminate (FML) Ǒǐǖ 
ǂǑǐǕǆǌǆǀǕǂǊ ǂǑǝ Ǒǐǌǌƽ ǑǐǌǞ ǌǆǑǕƽ ǔǕǒǟǍǂǕǂ ǍǆǕƽǌǌǐǖ 
(ǔǖǎƿǉǚǓ ǂǌǐǖǍǀǎǊǐ) Ǎǆ ǔǕǒǟǍǂǕǂ Prepregs ǖƽǌǐǖ S-2, 
ǔǖǎǅǆǅǆǍƾǎǂ ǍǆǕǂǏǞ ǕǐǖǓ Ǎǆ ǋǝǌǌǂ ǂǑǝ ǆǑǐǏǆǊǅǊǋǝ. Ƶǂ 
prepregs Ǎǆ ǀǎǆǓ ǍǐǎƿǓ ǋǂǕǆǞǉǖǎǔǈǓ ǍǑǐǒǐǞǎ ǎǂ 
ǆǖǉǖǄǒǂǍǍǊǔǕǐǞǎ ǔǆ ǅǊǂǗǐǒǆǕǊǋƾǓ ǋǂǕǆǖǉǞǎǔǆǊǓ ǄǊǂ ǎǂ 
ǕǂǊǒǊƽǇǐǖǎ ǔǕǊǓ ǑǒǐǃǌǆǑǝǍǆǎǆǓ ǔǖǎǉƿǋǆǓ ǋǂǕǂǑǝǎǈǔǈǓ.

Glass Laminate A luminum  Reinforced Epoxy ( GLARE )

Å ƦǊǂǉƾǕǐǖǎ ǋǂǌǞǕǆǒǐ "damage tolerance " (ǂǎǐǘƿ ǔǆ ǃǌƽǃǈ), ǆǊǅǊǋƽ ǔǆ ǋǒǐǞǔǈ ǋǂǊ ǋǝǑǚǔǈ. 
ƦǆǅǐǍƾǎǐǖ ǝǕǊ ǈ ǆǌǂǔǕǊǋƿ ǋǂǕǂǑǝǎǈǔǈ ǆǀǎǂǊ ǍǆǄǂǌǞǕǆǒǈ ǂǑǝ ƽǌǌǂ ǍǆǕǂǌǌǊǋƽ ǖǌǊǋƽ, ǍǑǐǒǆǀ ǎǂ 
ǋǂǕǂǎǂǌǟǔǆǊ ǑǆǒǊǔǔǝǕǆǒǈ ǆǎƾǒǄǆǊǂ ǋǒǐǞǔǈǓ. ƴǑƽǆǊ ǑǊǐ ǆǞǋǐǌǂ ǂǌǌƽ ƾǘǆǊ ǍǆǄǂǌǞǕǆǒǈ ǂǎǕǀǔǕǂǔǈ 
ǅǊǆǀǔǅǖǔǈǓ.

ÅƬǂǌǞǕǆǒǈ ǂǎǕǐǘƿ ǔǕǈ ǅǊƽǃǒǚǔǈ.

ÅƬǂǌǞǕǆǒǈ ǂǎǕǐǘƿ ǔǕǈ ǗǚǕǊƽ.

ÅƸǂǍǈǌǝǕǆǒǐ ǆǊǅǊǋǝ ǃƽǒǐǓ.

23



24



ƵǞǑǐǊ ǋǂǊ ƫǅǊǝǕǈǕǆǓ GLARE

25



26



ƴǖǍǑǆǒǊǗǐǒƽ ǔǆ ǉǒǂǞǔǈ ǋǂǊ ƬǝǑǚǔǈ Ǖǐǖ GLARE

27



ƴǖǍǑǆǒǊǗǐǒƽ ǔǆ ƬǒǐǞǔǈ Ǖǐǖ GLARE

28



ƲǂǒǂǅǆǀǄǍǂǕǂ ƷǖǔǊǋǟǎ 
ƴǖǎǉƾǕǚǎ ƶǌǊǋǟǎ

29



ƷǖǔǊǋƽ ƴǞǎǉǆǕǂ - ưǞǌǐ

30



Ʃ ƣǎǊǔǝǕǒǐǑǈǅǐǍƿ Ǖǐǖ ǐǔǕǐǞ

31



ƧǗǂǒǍǐǄƾǓ Ǖǚǎ FRPs

32



ƸǒǐǎǊǋƿ ƧǏƾǌǊǏǈ Ǖǚǎ ƧǗǂǒǍǐǄǟǎ 
Ǖǚǎ ƴǖǎǉƾǕǚǎ ƶǌǊǋǟǎ ǔǕǈǎ 
ƣǆǒǐǎǂǖǑǈǄǊǋƿ

33



34



ƧǗǂǒǍǐǄƾǓ Ǖǚǎ ƴǖǎǉƾǕǚǎ ƶǌǊǋǟǎ ǔǕǐ AIRBUS A380

35



ƧǗǂǒǍǐǄƾǓ Ǖǚǎ ƴ.ƶ. ƴǕǈǎ ƣǆǒǐǎǂǖǑǈǄǊǋƿ

36



ɳ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ ʅΦʇΦ ˋˍˇ Boeing 777



ƧǗǂǒǍǐǄƾǓ Ǖǚǎ ƴ.ƶ ǔǕǂ ƲǕǆǒǞǄǊǂ Ǖǚǎ ƧǌǊǋǐǑǕƾǒǚǎ

37



ɳ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ ʅΦʇΦ ˋˍʰ ˉˍʶˊˏʴʽʰ ʰ˄ʶ˃ˇʴʶ˄˄ʹˍˊʽ˗˄



ɳ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ ʅΦʇΦ ʅˍʽˌ ɮ˄ʶ˃ˇʴʶ˄˄ʺˍˊʽʶˌ



ɳ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ CFRP ̀ˍʹ˄ ʰˎˍˇˁʽ˄ʹˍˇʲʽˇ˃ʹ˔ʰ˄ʾʰ



ƧǗǂǒǍǐǄƾǓ ƴǖǎǉƾǕǚǎ ƥǒǂǗǆǎǀǐǖ ǔǕǈǎ ƣǖǕǐǋǊǎǈǕǐǃǊǐǍǈǘǂǎǀǂ

38



ƧǗǂǒǍǐǄƾǓ Ǖǚǎ ƴ.ƶ. ǔǕǈǎ ƣǖǕǐǋǊǎǈǕǐǃǊǐǍǈǘǂǎǀǂ

39



Ƹǒƿǔǈ Ǖǚǎ ƴ.ƶ. ǔǕǈǎ ƬǂǕǂǔǋǆǖƿ Ƶǒǂǀǎǚǎ

40



ɳ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ MMCs



Ƹǒƿǔǈ Ǖǚǎ ƴ.ƶ. ǔǕǈǎ ƯǂǖǑǈǄǊǋƿ

41



ƧǗǂǒǍǐǄƾǓ Ǖǚǎ ƴ.ƶ. ǔǕǈǎ ǆǑǊǑǌǐǑǐǊǀǂ ǋǂǊ ǕǊǓ ǆǌǂǗǒƾǓ 
ǋǂǕǂǔǋǆǖƾǓ

42



ƧǗǂǒǍǐǄƾǓ Ǖǚǎ ƴ.ƶ. ǔǕǂ ǂǉǌǈǕǊǋƽ ǆǀǅǈ

43



ƸǒǐǎǊǋƿ ǆǏƾǌǊǏǈ Ǖǚǎ ǆǗǂǒǍǐǄǟǎ Ǖǚǎ ƴǖǎǉƾǕǚǎ ƶǌǊǋǟǎ

44



ƤƫƱƶƭƫƬƣ (Biomaterials)

Ɯǎǂ ǃǊǐǜǌǊǋǝǆǀǎǂǊ ǍǊǂ ǃǊǐǌǐǄǊǋƿ ƿ 
ǔǖǎǉǆǕǊǋƿ ǐǖǔǀǂ Ǒǐǖ ǍǑǐǒǆǀ ǎǂ 
ǆǊǔǂǘǉǆǀ ǔǕǐǎ ǊǔǕǝ Ǖǐǖ ǔǟǍǂǕǐǓ ǚǓ 
ǍƾǒǐǓ ǍǊǂǓ ǆǍǗǖǕǆǖǍƾǎǈǓ ǊǂǕǒǊǋƿǓ 
ǔǖǔǋǆǖƿǓ ƿ ǎǂ ǘǒǈǔǊǍǐǑǐǊǈǉǆǀ ǄǊǂ 
Ǖǈǎ ǂǎǕǊǋǂǕƽǔǕǂǔǈ ǐǒǄƽǎǐǖ, 
ǔǚǍǂǕǊǋƿǓ ǌǆǊǕǐǖǒǄǀǂǓ ǋ.ǌǑ.

Ɯǎǂ ǃǊǐǜǌǊǋǝǆǀǎǂǊ ǍǊǂ ǐǖǔǀǂ Ǒǐǖ ƾǘǆǊ 
ǔǘǆǅǊǂǔǕǆǀ ǄǊǂ ǎǂ ǂǌǌǈǌǆǑǊǅǒƽǍǆ 
ǃǊǐǌǐǄǊǋƽ ǔǖǔǕƿǍǂǕǂ ǄǊǂ ǊǂǕǒǊǋǐǞǓ 
ǔǋǐǑǐǞǓɉǆǀǕǆ ǄǊǂ ǉǆǒǂǑǆǖǕǊǋǐǞǓ ǆǀǕǆ 
ǄǊǂ ǅǊǂǄǎǚǔǕǊǋǐǞǓ ǌǝǄǐǖǓ. ƺǓ 
ǆǑǊǔǕƿǍǈ, Ǖǂ ǃǊǐǜǌǊǋƽǆǀǎǂǊ ǑǆǒǀǑǐǖ 
ǑǆǎƿǎǕǂ ǆǕǟǎ. Ʃ ǍǆǌƾǕǈ Ǖǚǎ 
ǃǊǐǜǌǊǋǟǎǐǎǐǍƽǇǆǕǂǊ ǆǑǊǔǕƿǍǈ 
ǃǊǐǜǌǊǋǟǎƿ ǍǈǘǂǎǊǋƿ ǃǊǐǜǌǊǋǟǎ

45



ƧǗǂǒǍǐǄƾǓ Ǖǚǎ ƤǊǐǖǌǊǋǟǎ

46



ƲǒƽǔǊǎǂ ƴǞǎǉǆǕǂ ƶǌǊǋƽ

47



48



49



50



51



ƤƣƴƫƬƧƴ ƣƲƣƫƵƩƴƧƫƴ ƥƫƣ ƵƩƯ ƧƲƫƭƱƥƩ ƵƩƴ 
ƬƣƵƣƭƭƩƭƩƴ ƮƩƵƳƣƴ

ƲǐǊǆǓǆǀǎǂǊǐǊǂǑǂǊǕƿǔǆǊǓǑǐǖǑǒƾǑǆǊǎǂǑǌǈǒǐǀǍǀǂǑǐǌǖǍǆǒǊǋƿǍƿǕǒǂ?

1. ƯǂǒƾǆǊǆǌǆǞǉǆǒǂǔǕǐǎǘǟǒǐǍǆǕǂǏǞǕǚǎǊǎǟǎǟǔǕǆǎǂǆǑǊǋǂǌǞǑǕǆǊ
ǑǌƿǒǚǓǕǈǎǆǑǊǗƽǎǆǊǂǕǚǎǊǎǟǎ.

2. ƯǂǂǎǂǑǕǞǔǔǆǊǗǖǔǊǋǐǞǓ,ǘǈǍǊǋǐǞǓǋǂǊǍǈǘǂǎǊǋǐǞǓǅǆǔǍǐǞǓǍǆǕǊǓǀǎǆǓ.
3. ƯǂǔǕǆǒǆǐǑǐǊǆǀǕǂǊǔǆǝǔǐǕǐǅǖǎǂǕǝǎǍǊǋǒǝǕǆǒǐǘǒǝǎǐ,ǍǊǋǒǝǕǆǒǈǑǀǆǔǈ
ǋǂǊǍǊǋǒǝǕǆǒǈǉǆǒǍǐǋǒǂǔǀǂ.

4. ƲƾǒǂǂǑǝǕǈǎǂǎƽǑǕǖǏǈǅǆǔǍǐǞǀǎǂǓ-ǍƿǕǒǂǓ,ǋǂǍǀǂƽǌǌǈǘǈǍǊǋƿ
ǂǎǕǀǅǒǂǔǈǅǆǎǑǒƾǑǆǊǎǂǔǖǍǃǂǀǎǆǊǍǆǕǂǏǞǕǈǓǀǎǂǓǋǂǊǕǈǓǍƿǕǒǂǓǆǀǕǆ
ǋǂǕƽǕǐǔǕƽǅǊǐǕǈǓǋǂǕǂǔǋǆǖƿǓ,ƿǍǆǕƽǂǑǝǂǖǕƿǎǆǎǟǈǍƿǕǒǂǉǂǑǒƾǑǆǊ
ǎǂǑǂǒǂǍƾǎǆǊǔǕǂǉǆǒƿǍǆǕǐǎǘǒǝǎǐ.

5. Ʃ ǍƿǕǒǂǉǂǑǒƾǑǆǊǎǂƾǘǆǊǕƾǕǐǊǂǗǞǔǈǟǔǕǆǎǂǍǈǎǑǒǐǋǂǌǆǀǋƽǑǐǊǂ
ǗǖǔǊǋƿƿǍǈǘǂǎǊǋƿǗǉǐǒƽǔǕǊǓǀǎǆǓǋǂǕƽǕǐǔǕƽǅǊǐǕǈǓǋǂǕǂǔǋǆǖƿǓǕǐǖ
ǔǖǎǉƾǕǐǖǖǌǊǋǐǞ.

52



ƵƶƲƱƫ ƮƩƵƳƣƴ ƴƵƣ ƴƶƯƪƧƵƣ ƶƭƫƬƣ

ƲǐǊǂ ǖǌǊǋƽ ǘǒǈǔǊǍǐǑǐǊǐǞǎǕǂǊ ǚǓ ǍƿǕǒǆǓ ǔǕǂ ǔǞǎǉǆǕǂ ǖǌǊǋƽ?

1. ƲǐǌǖǍǆǒƿ (Polymers ): ƪǆǒǍǐǔǋǌǈǒǖǎǝǍǆǎǂ (Thermosets ), ƪǆǒǍǐǑǌǂǔǕǊǋƽ 
(Thermoplastics ), ƧǌǂǔǕǐǍǆǒƿ (Elastomers ).

2. ƮƾǕǂǌǌǂ (Metals ) : 
3. ƬǆǒǂǍǊǋƽ (Ceramics )
4. ƥǖǂǌǊƽ (Glasses )
5. ƚǎǉǒǂǋǂǓ (Carbon )

Ƶǂ ǔǞǎǉǆǕǂ ǑǐǌǖǍǆǒǊǋƿǓǍƿǕǒǂǓ, ǐǎǐǍƽǇǐǎǕǂǊ Polymer -Matrix Composite (PMCɍs).

Ƶǂ ǔǞǎǉǆǕǂ ǍǆǕǂǌǌǊǋƿǓ ǍƿǕǒǂǓ, ǐǎǐǍƽǇǐǎǕǂǊ Metal -Matrix Composites (MMCɍs)

Ƶǂ ǔǞǎǉǆǕǂ ǋǆǒǂǍǊǋƿǓ ǍƿǕǒǂǓ, ǐǎǐǍƽǇǐǎǕǂǊ Ceramic -Matrix Composites (CMCɍs)

53



ƵǞǑǐǊ ƮƿǕǒǂǓ ǔǕǂ ƴǞǎǉǆǕǂ ƶǌǊǋƽ

57



ƲǐǌǖǍǆǒƿ ǋǂǊ ƲǌǂǔǕǊǋƽ

ƲǐǊǂ ǆǀǎǂǊ ǈ ǅǊǂǗǐǒƽ ǍǆǕǂǏǞ Ǖǚǎ ǑǐǌǖǍǆǒǟǎ (polymers ) ǋǂǊ Ǖǚǎ ǑǌǂǔǕǊǋǟǎ 
(plastics )?

Ʈǆ Ǖǐǎ ǝǒǐ ɐǑoǌǖǍǆǒƾǓɑ ǆǎǎǐǐǞǍǆ Ǖǈǎ ǋǂǉǂǒƿ ǍǂǋǒǐǍǐǒǊǂǋƿǐǖǔǀǂ Ǒǐǖ ǑǂǒƽǄǆǕǂǊ 
Ǎǆ Ǖǈǎ ǕǆǘǎǊǋƿ Ǖǐǖ ǑǐǌǖǍǆǒǊǔǍǐǞ ǔǆ ǔǖǎǉƿǋǆǓ ǆǒǄǂǔǕǈǒǀǐǖ.

ƣǎ ǔǆ ƾǎǂ ǑǐǌǖǍǆǒƾǓ ǑǒǐǔǉƾǔǐǖǍǆ ƾǎǂ ǑǒǝǔǉǆǕǐ (additive ), ǕǝǕǆ Ǖǐ ǑǐǌǖǍǆǒƾǓ 
ǐǎǐǍƽǇǆǕǂǊ ɐǑǌǂǔǕǊǋǝɑ.

ƵƾǕǐǊǂ ǑǒǝǔǉǆǕǂ (additives ), ǆǀǎǂǊ : Ǖǂ ǂǎǕǊǐǏǆǊǅǚǕǊǋƽ, ǐǊ ǘǒǚǔǕǊǋƾǓ, Ǖǂ ǂǎǕǊǑǖǒǊǋƽ, 
ǐǊ ǅǊƽǗǐǒǆǓ ǔǋǝǎǆǓ, Ǖǂ ǍǐǎǚǕǊǋƽ, ǋ.ǂ.
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ƬƣƵƩƥƱƳƫƧƴ ƲƱƭƶƮƧƳƺƯ

58


