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𝐸𝑥

𝐸𝑦[MPa]

𝐺𝑥𝑦

𝐸𝛽[MPa]

𝑣𝑥𝑦

Ɵ
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 S𝑓  S𝑚  S𝑝
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• 

𝑀𝑓 = 𝑉𝑓/𝑉

                 φ𝑝𝑎𝑡𝑟𝑎𝑡 𝑚𝑎𝑥 =
𝜋

4
= 0.79

       φℎ𝑒𝑥 𝑚𝑎𝑥 =
𝜋

2√3
= 0.91

• 

ρ1 =   ρ𝑓V𝑓 + ρ𝑚V𝑚 = 1800 ∗ 0,6 + 1160 ∗ 0,35 = 1486 
𝑘𝑔

𝑚3

ρ2 =   ρ𝑓V𝑓 + ρ𝑚V𝑚 = 1800 ∗ 0,6 + 1150 ∗ 0,35 = 1482,5 
𝑘𝑔

𝑚3

ρ3 =   ρ𝑓V𝑓 + ρ𝑚V𝑚 = 2500 ∗ 0,6 + 1150 ∗ 0,35 = 1902,5 
𝑘𝑔

𝑚3

ρ1  −

ρ2  −

ρ3  −
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• 𝐸𝑥

E1𝑥 =  E𝑓V𝑓 + E𝑚V𝑚 = 240 ∗ 0,6 + 3,3 ∗ 0,35 = 145,15 𝐺𝑃𝑎

E2𝑥 =  E𝑓V𝑓 + E𝑚V𝑚 = 290 ∗ 0,6 + 3,5 ∗ 0,35 = 175,23 𝐺𝑃𝑎

 E3𝑥 =  E𝑓V𝑓 + E𝑚V𝑚 = 85 ∗ 0,6 + 3,5 ∗ 0,35 = 52,22 𝐺𝑃𝑎 

E1𝑥 –   

E2𝑥  −

E3𝑥  −

F𝑓/F𝑚 =  E𝑓V𝑓/E𝑚V𝑚 = 240 ∗ 0,6/3,3 ∗ 0,35 = 125,21

F𝑓/F𝑚 =  E𝑓V𝑓/E𝑚V𝑚 = 290 ∗ 0,6/3,5 ∗ 0,35 = 142,62

F𝑓/F𝑚 =  E𝑓V𝑓/E𝑚V𝑚 = 85 ∗ 0,6/3,5 ∗ 0,35 = 41,8

• 𝐸𝑦

E1𝑦 = ( E𝑓 ∗ E𝑚)/ (E𝑓V𝑚 + E𝑚V𝑓) = 240 ∗ 3,3/(240 ∗ 0,35 + 3,3 ∗ 0,= 10,42 𝐺𝑃𝑎

E2𝑦 = ( E𝑓 ∗ E𝑚)/ (E𝑓V𝑚 + E𝑚V𝑓) = 290 ∗ 3,5/(290 ∗ 0,35 + 3,5 ∗ 0,6) = 9,89 𝐺𝑃𝑎

E3𝑦 = ( E𝑓 ∗ E𝑚)/ (E𝑓V𝑚 + E𝑚V𝑓) = 85 ∗ 3,5/(85 ∗ 0,35 + 3,5 ∗ 0,6) = 9,34𝐺𝑃𝑎

E1𝑦 –   

E2𝑦  −

E3𝑦  −

• 𝜈𝑥𝑦 ș𝑖 𝜈𝑦𝑥 

32.04.0*35.03.0*6.01 =+=+= mmffxy VV 

30.041.0*35.027.0*6.02 =+=+= mmffxy VV 

27.041.0*35.023.0*6.03 =+=+= mmffxy VV 
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02.015,145/42,10*32,0
1

1

11 ===
x

y

xyyx
E

E


016.023,175/89,9*3,0
2

2

22 ===
x

y

xyyx
E

E


048.022,52/34,9*31,0
3

3

33 ===
x

y

xyyx
E

E


ʋ𝑓 ;  ʋ𝑚 

ʋ1𝑥𝑦 –   

ʋ2𝑥𝑦  −

ʋ3𝑥𝑦  −

• 𝐺𝑥𝑦

G𝑥𝑦 =
G𝑥𝑦𝑓 ∗ G𝑚 

𝑉𝑓G𝑚 + 𝑉𝑚G𝑥𝑦𝑓 

G𝑥𝑦𝑓 =
E𝑓 

2(1 + ʋ𝑓 )

G𝑚 =
E𝑚 

2(1+ʋ𝑚 )
              

G1𝑥𝑦𝑓 =
240

2(1 + 0,3)
= 92,3 𝐺𝑃𝑎

G2𝑥𝑦𝑓 =
290

2(1 + 0,27)
= 114,17 𝐺𝑃𝑎

G1𝑚 =
3,3

2(1 + 0,4)
= 1,17 𝐺𝑃𝑎

G1𝑥𝑦 =
92,3 ∗ 1,17

0,6 ∗ 1,17 + 0,35 ∗ 92,3
= 3,29 𝐺𝑃𝑎

G2𝑥𝑦 =
114,17 ∗ 1,24

0,6 ∗ 1,24 + 0,35 ∗ 114,17
= 3,2 𝐺𝑃𝑎

γ1𝑥𝑦 =
τ𝑥𝑦 

G1𝑥𝑦 
=

500𝑁/𝑚𝑚²

3290𝑁/𝑚𝑚²
= 0,152 

γ2𝑥𝑦 =
τ𝑥𝑦 

G2𝑥𝑦 
=

500𝑁

3200𝑁/𝑚𝑚²
= 0,156         

G1𝑥𝑦 –   

G2𝑥𝑦 –

G3𝑥𝑦 –

γ1𝑥𝑦  –   

γ2𝑥𝑦  −
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γ3𝑥𝑦  −

• 

ε𝑚𝑅 =
S𝑚 

E𝑚 
=
0,35 𝐺𝑃𝑎

3,3 𝐺𝑃𝑎
= 0,1

ε𝑓𝑅 =
S𝑓 

E𝑓 
=

4 𝐺𝑃𝑎

240 𝐺𝑃𝑎
== 0,01  

ε𝑚𝑅 > ε𝑓𝑅 𝑆𝑡 = 𝑉𝑓𝑆𝑓 + 𝑉𝑚𝜎
∗
𝑚

1.0* = mmV 

𝑆𝑡 = 0,6 ∗ 4 + 0,1 = 2,5 𝐺𝑃𝑎

𝑆𝑡 > S𝑚 

𝑉𝑓 𝑟𝑢𝑝𝑒𝑟𝑒 =
0,35−0,16

4−0,16
= 0,049

𝑉𝑓 𝑚𝑖𝑛 =
0,35−0,16

4−0,35−0,16
= 0,054

𝑉𝑓 > 𝑉𝑓 𝑟𝑢𝑝𝑒𝑟𝑒 𝑉𝑓 > 𝑉𝑓 𝑚𝑖𝑛

• 

𝑉𝑓 > 𝑉𝑚

𝑆1𝑐 =
G1𝑚

1−V𝑓
=

1,17

1−0,6
= 2,92 𝐺𝑃𝑎                                                                                      
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𝑆𝑎−𝑐 = 2(𝑉𝑓𝑇𝑎−𝑓 + 𝑉𝑚𝑇𝑎−𝑚)

𝑇𝑎−𝑓 =
𝑆𝑓

√3
𝑇𝑎−𝑚 =

𝑆𝑚

√3

𝑆𝑎−𝑐 =
2

√3
(𝑉𝑓𝑆𝑓 + 𝑉𝑚𝑆𝑚) =

2

√3
(0,6 ∗ 4 + 0,35 ∗ 0,35) = 2,91 𝐺𝑃𝑎

𝑆1𝑐  –   

𝑆𝑎−𝑐  –   

𝑆𝑐 = min(𝑆1𝑐 , 𝑆𝑎−𝑐) = 2,91 𝐺𝑃𝑎      𝑝𝑒𝑛𝑡𝑟𝑢 𝑆𝑖𝑔𝑟𝑎𝑓𝑖𝑙 𝐶30        

• 

𝑌1𝑐 =
𝑆𝑚

√3
=

0,35

√3
= 0,2 𝐺𝑃𝑎

𝑌2𝑐 =
𝑆𝑚

√3
=

0,074

√3
= 0,04 𝐺𝑃𝑎

• 

f1𝑎𝑙 =
1

1−
2

√𝜋
√𝜑(1−

𝐸𝑚
𝐸𝑓

)
=

1

1−
2

√𝜋
√0,6(1−

3,3

240
)
= 0,15

𝜀1⊥ =
𝜀𝑚𝑅

f1𝑎𝑙
=

0,1

0,15
= 0,66%      

• 

𝑇𝑥𝑦 =
𝑃𝑚𝑎𝑥 

2𝑏ℎ 
=

500

2∗10∗20 
= 1,25𝑁/𝑚𝑚²
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𝑃𝑚𝑎𝑥 

• 

 pS

𝑆11 =
1

𝐸1𝑥  
=

1

145150
= 6,89 ∗ 10−6𝑚𝑚2/𝑁

𝑆12 = −
𝜈𝑦𝑥 

𝐸1𝑦  
= −

𝜈1𝑥𝑦 

𝐸1𝑥  
= −

0,32

145150
= −2,2 ∗ 10−6𝑚𝑚2/𝑁

𝑆22 =
1

𝐸𝑦  

=
1

10420 
= 0,96 ∗ 10−6𝑚𝑚2/𝑁

  𝑆66 =
1

𝐺1𝑥𝑦  
=

1

3290 
= 0,03 ∗

10−6𝑚𝑚2

𝑁
    

𝑆11 , 𝑆12 , 𝑆22 , 𝑆66 , 𝑆13 , 𝑆12 

• 

𝑄11 =
𝐸1x 

1−𝜈xy 𝜈yx  

=
145150

1−0,32∗0,02 
= 146616𝑁/𝑚𝑚²

𝑄12 =
𝜈xy 𝐸x 

1 − 𝜈xy 𝜈yx  
=

0,32 ∗ 145150

1 − 0,32 ∗ 0,02 
= 46917𝑁/𝑚𝑚² 

𝑄22 =
𝐸𝑦

1−𝜈xy 𝜈yx  

=
10420

1−0,32∗0,02
= 10525𝑁/𝑚𝑚²

𝑄66 = 3290𝑁/𝑚𝑚²

𝑄11 , 𝑄12 , 𝑄22 , 𝑄66

• Ɵ 

Ɵ 

Ɵ = 90°

𝑆Ɵ11 = 𝑆22  𝑄Ɵ11 
90

 
= 𝑄22  

𝑆Ɵ12 = 𝑆12 𝑄Ɵ12 
90 = 𝑄12 

𝑆Ɵ22 = 𝑆11 𝑄Ɵ22 
90 = 𝑄11 

𝑆Ɵ66 = 𝑆66 𝑄Ɵ66 
90 = −𝑄66 
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    𝜎𝑧 = 0, 𝜏𝑦𝑧 = 0, 𝜏𝑧𝑥 = 0

Ɵ

𝑄°11 = 𝑄11 𝑐𝑜𝑠Ɵ
4 + 2(𝑄12 + 2𝑄66 )𝑐𝑜𝑠Ɵ

2𝑠𝑖𝑛Ɵ2 + 𝑄22 𝑠𝑖𝑛Ɵ
4 = 𝑄11 

𝑄°12 = (𝑄11 + 𝑄22 − 4𝑄66 )𝑐𝑜𝑠Ɵ
2𝑠𝑖𝑛Ɵ2 + 𝑄12 (𝑠𝑖𝑛Ɵ

4 + 𝑐𝑜𝑠Ɵ4) = 𝑄12 
𝑄°22 = 𝑄11 𝑠𝑖𝑛Ɵ

4 + 2(𝑄12 + 2𝑄66 )𝑐𝑜𝑠Ɵ
2𝑠𝑖𝑛Ɵ2+𝑄22 𝑐𝑜𝑠Ɵ

4 = 𝑄22 𝑄°66 = (𝑄11 + 𝑄22 − 2𝑄12 −

2𝑄66 )𝑐𝑜𝑠Ɵ
2𝑠𝑖𝑛Ɵ2+𝑄66 (𝑐𝑜𝑠Ɵ

4 + 𝑠𝑖𝑛Ɵ4) = 𝑄66       

 

𝐴°x 11 = 𝑄°11 ∗ ℎ =
146616𝑁

𝑚𝑚2
∗ 20𝑚𝑚 = 2932320

𝑁

𝑚𝑚

𝐴°x 12 = 𝑄°12 ∗ ℎ =
46917𝑁

𝑚𝑚2
∗ 20𝑚𝑚 = 938340

𝑁

𝑚𝑚

𝐴°x 22 = 𝑄°22 ∗ ℎ =
10525𝑁

𝑚𝑚2
∗ 20𝑚𝑚 = 210500

𝑁

𝑚𝑚

𝐴°x 66 = 𝑄°66 ∗ ℎ =
3290𝑁

𝑚𝑚2 ∗ 20𝑚𝑚 = 65800
𝑁

𝑚𝑚
   

 

𝐷°x 11 = 𝑄°11 ∗ (
ℎ3

12
+ ℎ ∗ 𝑏2) =

146616𝑁

𝑚𝑚2
∗ (
8000𝑚𝑚3

12
+ 20 ∗ 100𝑚𝑚3) = 390975 𝑁𝑚

𝐷°x 12 = 𝑄°12 ∗ (
ℎ3

12
+ ℎ ∗ 𝑏2) = 125111,68 𝑁𝑚

𝐷°x 22 = 𝑄°22 (
ℎ3

12
+ ℎ ∗ 𝑏2) = 28066,6 𝑁𝑚

𝐷°x 66 = 𝑄°66 ∗ (
ℎ3

12
+ ℎ ∗ 𝑏2) = 8773,31 𝑁m
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𝜎𝑥 = 𝑄11 ∗ 𝜀𝑥 + 𝑄12 ∗ 𝜀𝑦 =
146616𝑁

𝑚𝑚2
∗ 8,52 ∗ 10−5 +

46917𝑁

𝑚𝑚2
∗ 26,6 ∗ 10−5    

𝜎𝑥 = 25 𝑁/𝑚𝑚²

𝜎𝑦 = 𝑄12 ∗ 𝜀𝑥 + 𝑄22 ∗ 𝜀𝑦 =
46917𝑁

𝑚𝑚2
∗ 8,52 ∗ 10−5 +

10525𝑁

𝑚𝑚2
∗ 26,6 ∗ 10−5    

𝜎𝑦 = 6,80 𝑁/𝑚𝑚²

Ɵ

𝜎°𝑥1 = 𝜎𝑥𝑐𝑜𝑠Ɵ
2 + 𝜎𝑦𝑠𝑖𝑛Ɵ

2 + 2𝜏xy  𝑐𝑜𝑠Ɵ𝑠𝑖𝑛Ɵ = 𝜎𝑥 = 25 𝑁/𝑚𝑚²

𝜎°𝑦1 = 𝜎𝑥𝑠𝑖𝑛Ɵ
2 + 𝜎𝑦𝑐𝑜𝑠Ɵ

2 − 2𝜏xy  𝑐𝑜𝑠Ɵ𝑠𝑖𝑛Ɵ = 𝜎𝑦 = 6,80 𝑁/𝑚𝑚²

𝜏°xy1  = −𝜎𝑥𝑐𝑜𝑠Ɵ𝑠𝑖𝑛Ɵ + 𝜎𝑦𝑐𝑜𝑠Ɵ𝑠𝑖𝑛Ɵ + 𝜏xy  (𝑐𝑜𝑠Ɵ
2 − 𝑠𝑖𝑛Ɵ2) = 0 𝑁/𝑚𝑚²

 

Prop. de material          [GPa]          [GPa]         [GPa]         [kg/m³]

Tip compozit

Sigrafil C30 145,15 10,42 0,32 0,02 3,29 1486

T700 175,23 9,89 0,3 0,016 3,2 1482,5

E-glass 52,22 9,34 0,27 0,048 3,33 1902,5

 𝑥𝑦  𝑦𝑥

Tensiuni

normale

 [N/mm²]

Ɵ=0°

Tensiuni

normale

 [N/mm²]

Ɵ=0°

Tensiuni

tangentiale

 [N/mm²]

Ɵ=0°

Tensiuni

normale

 [N/mm²]

Ɵ=90°

Tensiuni

normale

 [N/mm²]

Ɵ=90°

Tensiuni

tangentiale

 [N/mm²]

Ɵ=90°

Tip compozit

Sigrafil C30 25 6,8 0 4,06 9,01 3,32

T700 29,2 6,08 0 3,63 8,68 3,38

E-glass 8,78 11,2 0 7,17 9,73 1,71

 𝑥= 𝑥1
0  𝑦= 𝑦1

0 τ𝑥𝑦=τ𝑥1𝑦1
0  𝑥1

90  𝑦1
90 τ𝑥1𝑦1

90

Deformații

specifice

liniare

longitudinale

Ɵ=0°

Deformații

specifice

liniare

transversale

Ɵ=0°

Deformații

specifice

unghiulare

longitudinale

Ɵ=0°

Deformații

specifice

liniare

longitudinale

Ɵ=90°

Deformații

specifice

liniare

transversale

Ɵ=90°

Deformații

specifice

unghiulare

transversale

Ɵ=90°

Tip compozit

Sigrafil C30 0 0

T700 0 0

E-glass 0 0

ε𝑥=ε𝑥1
0 ε𝑦=ε𝑦1

0 γ𝑥𝑦=γ𝑥1𝑦1
0 ε𝑥1

90 ε𝑦1
90 γ𝑥1𝑦1

90

8,52 ∗ 10−5 26,64 ∗ 10−5 5,9 ∗ 10−13 22,74 ∗ 10−5

7,26 ∗ 10−5 23.54 ∗ 10−5 4,67 ∗ 10−13 19,53 ∗ 10−5

23,45 ∗ 10−5 78,19 ∗ 10−5 42,86 ∗ 10−13 66,10 ∗ 10−5
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• 

• 

• 

𝐿 = 250 𝑚𝑚 L0  = 150 𝑚𝑚

𝑡 = 50 𝑚𝑚 𝑊 = 2 𝑚𝑚

𝑙 = 10 𝑚𝑚
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Proprietati Maximum Minimum
Valoare medie 

calculata

Valoare medie

 masurata

Lungimea specimenului [mm] 150 150 150 150

Viteza de testare [mm/min] 1 1 1 1

Latimea specimenului [mm] 10 10 10 10

Grosimea specimenului [mm] 2 2 2 2

Aria [mm
2
]

20 20 20 20

Rigiditate [N/m] 28785574 22461761 25053073 2578584

Young's Modulus [MPa] 215892 168463 187898 193394

Forta de incarcare maxima [kN] 17.81 12.25 15.71 15.71

Tensiunea de def. la incarcare maxima [MPa] 890.51 612.67 785.75 536.00

Deplasarea masinii la încărcarea maximă [mm] 4.73 2.88 3.96 3.95

Deformația epruvetei la sarcina maximă [mm] 4.73 2.88 3.96 3.61

Lucrul mecanic la sarcina maximă [Nmm] 84209.05 35228.83 62221.07 56560.95

Forța la deformația maximă [kN] 17.34 11.13 15.32 1.91

Tensiunea de def. la deformația maximă [MPa] 866.77 556.28 765.84 323.30

Deplasarea masinii la deformația maximă [mm] 4.84 3.12 4.05 4.75

Lucrul mecanic la deformația maximă [Nmm] 83050.43 45850.75 62364.66 9576.13

Forța la rupere [kN] 17.34 11.13 15.32 15.32

Tensiunea de def. la rupere [MPa] 866.77 556.28 765.84 386.28

Deplasarea masinii la rupere [mm] 4.84 3.12 4.05 4.05

Deformația epruvetei la rupere [mm] 4.84 3.12 4.05 4.05

Lucrul mecanic la rupere [Nmm] 83050.43 45850.75 62364.66 62364.66

Rezistența la tracțiune [MPa] 890.51 612.67 785.75 477.00

Elongația la rupere [mm] 4.84 3.12 4.05 4.75
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Proprietati Maximum Minimum
Valoare medie

calculata

Valoare medie

masurata

Lungimea specimenului [mm] 150 150 150 150

Viteza de testare [mm/min] 1 1 1 1

Latimea specimenului [mm] 10 10 10 10Grosimea specimenului [mm] 2 2 2 2

Aria [mm2]
20 20 20 20

Rigiditate [N/m] 2278077 737420 1679142 1756374

Young's Modulus [MPa] 17086 5531 12594 13173

Forta de incarcare maxima [kN] 5.849 3.927 5.124 5.124

Deplasarea masinii la forta maxima[mm] 2.517

Deformatia specimenului la forta maxima [mm] 2.517

Forta la deformatia maxima a specimenului [kN] 1.894
Deplasarea masinii la deformatia max. a

 specimenului [mm]
5.707

Forta max. la rupere [kN]

3.899 2.618 3.071 2.471

Rezistenta la compresiune [MPa] 292.4 196.3 256.2 153.559

Elongatia la rupere a specimenului [mm] 5.707

Tensiunea critica de flambaj [MPa] 1289.3 310.5 867.4 906.768

Tensiunea de deformatie la compresiune [MPa] 195.0 130.9 153.6 123.530
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Specimen

Deformația la 

incovoiere

ε (mm)

Rezistenta la 

incovoiere

Si (MPa)

Rezistenta la 

rupere

Sr (MPa)

Modulul de 

elasticitate la 

incovoiere

Ef (MPa)

Rigiditatea la indoire 

D (Nm²)

Distanta 

intre suporti

S(mm)

Latime 

specimen

h(mm)

Grosime 

specimen 

b(mm)

SI1.1 0,0278 310,93 485,33 4758,95 0,00465 80 15 2

SI1.2 0,0207 285,33 509,33 8040,30 0,00252 80 15 2

SI1.3 0,0215 326,40 525,33 5697,99 0,00407 80 15 2

SI1.4 0,0210 319,20 504,00 9643,05 0,00235 80 15 2

SI1.5 0,0243 305,87 482,67 12335,79 0,00176 80 15 2

SI1.1 0,0053 545,26 525,35 6758,58 0,29459 80 15 2

SI1.2 0,0042 525,24 556,32 6625,21 0,38487 80 15 2

SI1.3 0,0078 435,58 632,74 6898,24 0,25001 80 15 2

SI1.4 0,0062 204,25 580,12 7425,25 0,24324 80 15 2

SI1.5 0,0054 487,87 576,24 8800,27 0,27258 80 15 2

Valori calculate pentru epruveta pe baza de fibra de carbon Sigrafil C30

Valori măsurate pentru epruveta pe baza de fibra de carbon Sigrafil C30
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𝑇𝑆𝐶 = 2 𝐿 𝑐𝑡𝑔 ( 𝑇𝑆𝐴/2) ⇒ 𝑇𝑆𝐴 = 2 ∗ 𝑎𝑟𝑐𝑐𝑡𝑛𝑔 (
𝑇𝑆𝐶

2𝐿
) = 2 ∗ 𝑎𝑟𝑐𝑐𝑡𝑛𝑔(

100

2∗50
)

𝑇𝑆𝐴 = 1/2(4𝜋 ∗ 𝑛 + 𝜋) 𝜖𝕫

𝑇𝑆𝐴 =
5𝜋

2
= 90°                                                                                                                                                  (6.14)

 

𝐴𝑆𝐴 = 80° 𝐴𝑆𝐶 =

𝐴𝑆𝐴 = 80° 𝐴𝑆𝐶 =
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Versiunea 1 Versiunea 2 Versiunea 3 Versiunea optimizata

Timp (min) Timp (min) Timp (min) Timp (min)

Pregatiri preliminarii 60 30 30 30

Pregatire matrita 50 15 15 10

Pregatire roboti 15 15 15

Incercari in gol 10 10 10

Ajustari 5 5 5

Infasurare propriu-zisa 30 15 10 1,8

Inchiderea placilor 5 5 5 3

Introducere in cuptor/Polimerizare 120 120 120 165

Decofrare 20 15 10 3

Curatare matrita 30 30 25 10

Operatiuni post-productie 40 30 30

TOTAL 355 290 275 252,8
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http://fibrolux.com/main/knowledge/pultrusion
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http://www.jeccomposites.com/news/composites-news/continuous-impregnation-carbon-fibre-rovings
http://www.compositesworld.com/articles/fiber-reinforcement-forms-2015
http://www.compositesworld.com/news/researchers-develop-self-repairing-material-
http://www.compositesworld.com/news/sgl-group-combines-fibers-and-materials-into-single-business-unit
http://www.compositesworld.com/news/huntsman-announces-60-second-cycle-times-
http://www.lucintel.com/keyword-search.aspx?keyword=composite
http://www.formula1-dictionary.net/steering_column.html
https://www.autonational.com/composite-production-procesess/
http://www.compositesworld.com/articles/fabrication-methods-2015
http://compositesmanufacturingmagazine.com/2016/01/state-of-the-composites-industry-lucintel-2016/
http://www.dowautomotive.com/products/voraforce.htm
http://blog.caranddriver.com/the-54-5-mpg-cafe-target-looms-large-heres-how-companies-currently-stack-up/
http://authors.library.caltech.edu/5456/1/hrst.mit.edu/hrs/materials/public/composites/Composites_Overview.htm
http://www.compositesworld.com/articles/the-markets-automotive-2016
http://www.automotivemanufacturingsolutions.com/focus/how-an-i3-is-born
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http://www.bmw.com/com/en/insights/corporation/bmwi/concept.html
http://www.mec.tuiasi.ro/RM2/capitole/Cap3.html
https://books.google.ro/books-
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