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ABSTRACT

The aim of the present diploma thesis is the study of the parameters that affect the mechanical
properties of composite materials, constructed wihth method of filament winding. The
examined specimens are mostly ring shapendhing from cylinders with different construction
parameters such as the type of the fibers, the geometric characteristics, the angle and the
tensioning force of the winding aseWas the tows.

Firstly, are examinedhe natural properties of the specimem&l more specifically the
density and the fiber fraction. In order to measure the fiber mass frastiosedthe method
image analysis with pictures acquired from the optic@roscope. The results of the method
above are compared with the results of the methods described in the conventional standard
ASTM D3171.Following, the ring specimens with different manufacturing parameters, are
loaded in tension in order to evaluateth Youngdés modul us and the m:
For the implementation of the tesssuseda slightly modified and improved version of the
split-disk test method (ASTM D2290). The results are compared in order to evaluate the
parameters that seem to atfthe mechanical properties.

Moreover, another series of ring and long specimens, coming from cylinders with different
manufacturing parameters, are tested in order to evaluate the efleefpskaenvironment in
the mechanical properties. For this purpose, several batches of denrfpament wound
specimens were exposed to deep sea conditions for several periods of time. After completing
the predetermined period of exposure, each batch was lifted and the mechanical properties of
the specimens were measured via proper mecharstsl be this study, the last batittat was
lifted is tested according to the standards ASTM D2290 and ASTM D3039 in order to measure
the Youngbébs modul us, the strength in the fi
properties. Finally, comparisdretween the results of a dry reference batch and the immersed
specimends made,using theANOVA statistical analysis, in order to investigate possible
differences immaterial degradation.
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1.5660 | 1562.04| 20.77 | 1.33%

bE?) 7] iR Why1ea Usd

" goealiy VAIYT.MM oD B9 2

# 1 2 3 4
Wa(g) | 1.2084 | 1.0406 | 1.0745 | 1.0095
Ww (g) | 0.4502 | 0.3735 | 0.3785 | 0.3650

"¢ 1.5938 | 1.5599 | 1.5438 | 1.5663

D (kg/mw 1589.79 | 1555.99| 1539.96 | 1562.41

1.4638 | 1460.16| 42.93 | 2.94%

# 1 2 3 4
Wa(g) | 0.6385 | 0.5563 | 0.5168 | 0.5458
Ww (g) | 0.2150 | 0.1825 | 0.1505 | 0.1690

"¢ 1.5077 | 1.4882 | 1.4109 | 1.4485

D (kg/mw 1503.90 | 1484.51| 1407.34| 1444.89

1.5069 | 1503.11] 28.80

# 1 2 3 4
Wa (9) 1.1447 | 1.0614 | 1.1292 | 1.0948
Ww (g) | 0.4002 | 0.3650 | 0.3638 | 0.3603

¢ 1.5375 | 1.5241 | 1.4753 | 1.4905

D (kg/mw 1533.70 | 1520.31| 1471.62 | 1486.81

1.5282 | 1524.36| 17.34

# 1 2 3 4
Wa (9) 1.1561 | 1.1147 | 1.1689 | 1.1949
Ww (g) | 0.4050 | 0.3740 | 0.4116 | 0.4114

‘¢ 1.5392 | 1.5049 | 1.5435 | 1.5251

D (kg/mw 1535.36 | 1501.17 | 1539.65| 1521.27

1.5144 | 1510.60| 35.37

# 1 2 3 4
Wa (g) 1.0292 | 0.9946 | 1.0876 | 1.1296
Ww (g) | 0.3358 | 0.3270 | 0.3910 | 0.3875

‘¢ 1.4843 | 1.4898 | 1.5613 | 1.5222

D (kg/mw 1480.57 | 1486.09 | 1557.39| 1518.36
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1.4989 | 1495.16] 7.41 0.50%

# 1 2 3 4
Wa (9) 1.0111 | 1.2520 | 1.3420 | 1.2445
Ww (g) | 0.3375 | 0.4158 | 0.4412 | 0.4190

¢ 1.5010 | 1.4972 | 1.4898 | 1.5076

D (kg/mw 1497.29 | 1493.51| 1486.06 | 1503.80

1.6663 | 1662.13| 13.95 | 0.84%

# 1 2 3 4
Wa (9) 1.1710 | 1.1267 | 1.1577 | 1.1535
Ww (g) | 0.4687 | 0.4581 | 0.4571 | 0.4587

‘¢ 1.6674 | 1.6852 | 1.6524 | 1.6602

D (kg/mw 1663.21 | 1680.95| 1648.31| 1656.04

14812 | 1477.47| 10.39 | 0.70%

# 1 2 3 4
Wa (9) 1.1610 | 1.2100 | 1.2958 | 1.2888
Ww (g) | 0.3832 | 0.3950 | 0.4130 | 0.4177

‘¢ 1.4927 | 1.4847 | 1.4678 | 1.4795

D (kg/mw 0 1488.94 | 1480.95| 1464.16 | 1475.81
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large enough particles of solid
cannot fit through tiny holes in
filter paper, so remain here

Buchner moistened
funnel filter paper

porous plate

(plate with holes in)
rubber bung

Bluchner
flask

rubber tubing

\

suction from aspirator creates
partial vacuum in flask

filtrate (liquid that passes through
filter paper) collects here
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HNOS3 digestion C_200 10 2 F45 T1 C 200 10 2 F25 T1C_150 10 1 F8 TIC 100 10 2 F25 ]

Mi (g)

1.1364

1.0964

0.5158

1.0095

Mc(g)

0.9160

0.9630

0.9580

0.9855

Mfc (9)

1.6260

1.8350

1.4125

1.8026

Mf (g)

0.7100

0.8720

0.4545

0.8171

Wi

62.48%

79.53%

88.12%

80.94%
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H2S04/H202 digestion | C_200 10 2 F45 T1C 200 10 2 F25 T C 150 10 1 F8 T C 100 10 2 F25 T
Mi (q) 1.1940 1.0930 0.6370 0.7350
Mc(q) 0.9670 0.9632 0.9784 0.9493
Mfc (g) 1.8740 1.8392 1.4674 1.5573
M (g) 0.9070 0.8760 0.4890 0.6080
Wi 75.96% 80.15% 76.77% 82.72%
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H2S04/H202 digestio C24K_100 10 2 F8 ff@50K_100 10 2 F8 [T4PF 100 10 2 F8 TB GR 100 10 2 F8 T
Mi (q) 1.0880 1.0110 1.1610 1.1580
Mc (q) 0.9780 0.9896 0.9555 0.9543
Mfc (g) 1.6960 1.6346 1.8165 1.7103
Mf (g) 0.7180 0.6450 0.8610 0.7560
Wi 65.99% 63.80% 74.16% 65.28%
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Image
analysis i 3d0Ue 3 asoh
3.
Usofal C 20010 2 F45 TL C_200 10 2 F25 T1 C_150 10 1 F8 TIC 100 10 2 F25 -
No.01 75.88 68.25 68.20 65.03
No.02 72.69 70.92 68.77 61.99
No.03 76.79 76.66 72.52 63.14
No.04 73.82 66.88 67.40 61.42
No.05 73.24 67.16 65.18 61.74
No.06 63.55 63.96 67.57 63.34
No.07 64.83 67.38 71.98 61.01
No.08 65.72 66.97 66.31 65.45
No.09 66.48 67.61 66.35 63.24
No.10 69.91 67.58 68.06 58.23
No.11 63.35 60.51 67.64 70.07
No.12 70.39 70.88 67.08 67.64
No.13 63.52 73.46 64.88 62.58
No.14 65.91 67.60 67.11 70.96
No.15 67.84 69.50 70.15 71.20
No.16 65.33 73.08 64.84 69.80
No.17 66.54 67.96 64.56 59.76
No.18 67.59 66.32 69.12 62.94
No.19 69.34 65.17 66.68 63.98
No.20 73.00 68.63 64.88 64.24
No.21 65.53 66.82 63.71 67.97
Average Vf 68.63 68.25 67.29 64.56
St. Deviation 4.18 3.44 234 3.72
Coef. Of
Variation 6% 5% 3% 6%
I 1.5244 1.5031 1.4602 1.5620
Density
Fiber Density 1.8000 1.8000 1.8000 1.8000
Wi 81.04% 81.73% 82.95% 74.39%
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Image
analysis Fi 3dU0e J3asah
] E 3.
Us 8 f 3/ C24K_100 10 2 F8 [T€50K_100 10 2 F8 T&R 100 10 2 F8 [TBF 100 10 2 F8 ]
No.01 53.13 53.54 52.29 69.74
No0.02 47.73 50.06 58.25 51.96
No.03 46.76 42.64 55.36 60.86
No.04 53.58 46.18 53.89 58.02
No.05 48.12 57.79 51.49 62.58
No.06 49.57 51.32 55.06 60.96
No.07 54.79 50.38 51.00 59.15
No.08 50.59 48.37 55.67 62.09
No.09 53.74 49.91 56.94 64.80
No.10 52.79 58.55 58.15 54.68
No.11 51.71 53.17 59.34 50.23
No.12 54.36 51.33 52.64 56.39
No.13 56.95 40.94 42.15 49.02
No.14 56.68 46.98 50.11 50.23
No.15 57.13 49.28 44.12 60.47
No.16 60.89 56.57 65.87 52.85
No.17 52.75 50.04 60.75 62.36
No.18 62.03 57.27 63.01 65.12
No.19 54.00 58.26 63.42 58.24
No.20 58.25 55.46 67.89 58.10
No.21 56.30 58.99 61.03 56.48
Average Vf 56.12 58.30 53.90 51.76
St. Deviation 6.54 5.45 4.05 5.16
Coef. Of
Variation 12% 9% 8% 10%
Material 1.5106 1.4952 1.4775 1.6621
Density
Fiber Density 1.7800 1.8100 1.8000 2.1200
Wi 67.61% 63.49% 64.22% 73.40%
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TR St.
T 0¢s " " % @ | Average| Deviatior
D 61" _ BV k17~ (Image e | TH
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C3 LD 1 2 3 4 5 6| Average
[ <h 7 OYYD
Average value 24.53 24.2( 23.97 24.37 23.93 24.03 24.17
Standard deviation 0.21 0.10 0.15 0.06 0.06 0.06 0.24
Coef. of variation 0.859 0.419 0.649 0.249 0.249 0.249 0.999
A" O6NYD
Average value 5.00 5.00 5.03 5.00 5.00 5.00 5.01
Standard deviation 0.00 0.00 0.06 0.00 0.00 0.00 0.01
Coef. of variation 0.009 0.009 1.159 0.009 0.009 0.009 0.279
ryraapfer n
C4 LD 1 2 3 4 5 6| Average
J<h_ ~  0YYD
Average value 24.13 24.10 24.17 24.43 24.30 23.73 24.14
Standard deviation 0.15 0.10 0.15 0.12 0.10 0.42 0.24
Coef. of variation 0.63¢ 0.419 0.63¢ 0.479 0.419 1.759 0.989
Jh.o"  O)NYOD
Average value 5.33 5.30 5.43 5.30 5.30 5.33 5.33
Standard deviation 0.12 0.10 0.06 0.00 0.10 0.12 0.05
Coef. of variation 2.179 1.899 1.069 0.009 1.899 2.179 0.979
riyraianpfselr p
C5 LD 1 2 3 4 5 6| Average
J<h _ ~  0YYOD
Average value 25.82 24.92 24.77 23.63 24.89 24.50 24.76
Standard deviation 4.49 0.40 0.06 0.32 0.25 0.14 0.71
Coef. of variation 17.40% 1.609 0.22¢ 1.369 0.98¢ 0.579 2.86%
Jh.o " O6)YOD
Average value 4.62 4.70 4.37 4.53 4.36 4.33 4.48
Standard deviation 0.22 0.14 0.03 0.10 0.06 0.08 0.16
Coef. of variation 4.849 2.999 0.619 2.129 1.389 1.929 3.469
rfrasinfer c
C6 LD 1 2 3 4 5 6| Average
J<h _ ~ 0YYOD
Average value 24.93 24.89 24.82 24.84 24.51 24.60 24.77
Standard deviation 0.04 0.26 0.47 0.20 0.24 0.25 0.17
Coef. of variation 0.149 1.03¢ 1.899 0.829 0.969 1.019 0.68%
Jh. " ONYD
Average value 5.02 5.38 5.49 5.28 4.93 4.89 5.16
Standard deviation 0.07 0.14 0.32 0.36 0.12 0.13 0.25
Coef. of variation 1.419 2.689 5.900 6.779 2.449 2.679 4,839




1 2 3 4 5 6| Average
J<h _ ~  0YYOD
Average value 24.20 24.43 24.37 24.57 24.43 24.27 24.38
Standard deviation 0.26 0.15 0.15 0.21 0.15 0.12 0.13
Coef. of variation 1.099 0.639 0.639 0.859 0.639 0.489 0.54%
Jh. " ONYD
Average value 5.13 5.13 5.17 5.13 5.07 5.20 5.14
Standard deviation 0.06 0.06 0.06 0.06 0.06 0.10 0.04
Coef. of variation 1.129 1.129 1.129 1.129 1.149 1.929 0.869
rycsanfer vy
C8 L D 1 2 3 4 5 6| Average
[ <h _ =~  0YYVU
Average value 24.48 24.93 24.48 24.60 24.38 24.39 24.54
Standard deviation 0.05 0.14 0.19 0.38 0.27 0.13 0.20
Coef. of variation 0.229 0.559 0.769 1.549 1.139 0.549 0.83%
Jh.o"  O)YOD
Average value 5.34 5.50 5.12 5.18 5.18 5.05 5.23
Standard deviation 0.06 0.01 0.12 0.05 0.11 0.10 0.16
Coef. of variation 1.109 0.119 2.259 0.919 2.159 1.919 3.12%
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C3 L 5D |2054| 1595 | 17.17| 10.7
C3 L 6 D |1499| 1075 | 12.47| 10.8
Average 1.997| 1519 | 16.49| 11.0

St. Deviation 0.607| 481 4,98 0.4
Coef. Of Variation 30.4%| 31.7% | 30.2%| 4.1%

7.7

C4 L 5D |1771] 1789 | 13.75
C4 L 6 D | 2531 2623 |19.99] 76
Average 2.475| 2386 | 19.43| 8.0
St. Deviation | 0.462]| 518 | 3.90 | 0.3
Coef. Of Variation| 18.7%| 21.7% | 20.1%| 4.3%
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C7 L 5D
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46.07

16.1

C7 L 6D

4.718
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37.39

17.4

Average

5.219

2560

41.73

16.9

St. Deviation

0.379

280

3.37

0.5

Coef. Of Variation 7.3%
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2.8%

Stress - Strain --- 12K Fibers --- Tension test perpendicular to Fiber Direction
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Specimen F _12 Gu2
C5-L-D KN MPa | GPa
C5 L 1 7.09 27.91 3.5

D
L 2D | 745]| 2991 | 37
C5 L 3D | 762 | 33.08 | 41
4 D
D

744 | 32.68 | 4.1
L o 765 | 33.14 | 41
C5 L 6D 7.46 | 33.07 | 41

Average 7.45 | 31.63 4.0

St. Deviation 0.20 2.21 0.3
Coef. Of Variation 2.7% | 7.0% | 7.2%
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C6L5D 7.93 | 30.81 3.7

C5L6D 8.00 | 31.22 34

Average 8.03 | 29.56 3.4

St. Deviation 0.11 1.53 0.2
Coef. Of Variation 1.4% | 5.2% | 5.0%

C8L5D 9.39 | 34.94 4.0

C8 L 6D 9.66 | 36.84 4.0

Average 9.42 | 34.55 3.9

St. Deviation 0.16 1.83 0.2
Coef. Of Variation 1.7% | 5.3% | 4.5%
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Stress - Strain --- 60K Fibers --- 55 Tensile Test
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