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Abstract:

Composite materials are extensively used in aerospace industries for manufacturing aerospace parts. These
parts very to mold and have high strengths. Aerospace components are subjected to impact loading. The
stiffness of composite ply varies with respect to ply orientation and resin percentage used. The resistance to
withstand the dynamic behavior of each lamina in the presence of resin which acts as a single core material
plays a very significant role in withstanding the loads under various load conditions. The use of fracture
mechanics to calculate interlaminar fracture stiffness for different composite materials made of fibers and
polymers using test geometries of mode I/11 fractures.
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Introduction

Standard isotropic materials are being replaced by fiber reinforced composite materials in many applications.
Currently, these composite materials are used to build aerospace vehicles, aircraft, marine equipment, and
everyday objects like sports equipment, civil structures, and prosthetic devices. The main benefit of composite
materials is that they can already be specifically tailored to a given design situation. To create the ideal
material composition, different combinations, dosages, and architectural arrangements can be used with
components like fibers and matrix material. The manufacturing method used to create laminated composite
materials is a significant disadvantage. When fabric or fibers are arranged in strata to create the desired
architecture, resin-rich layers can form in the spaces between the fabric layers. These areas lack reinforcement

and are vulnerable to discontinuities.
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Modes of fracture

Mode, | type fracture has typically been accepted as the most common and important mode of crack propagation. A
normal stress field induces an opening or “wishbone” effect. This type of behavior is common in structure and
substructures such as skin stiffeners, | beam, or bonded connections of separate structures [Broek (1996)]. Brittle metals
such as cast iron typically fail from mode, I type fracture in service. This is one reason that some homogeneous materials
possess a compressive strength that is significantly greater than their tensile strength. Mode, I fracture toughness can be
evaluated a variety of ways. For engineering polymers and metals, an ASTM standard compact tension sample (similar
to Figure 1) is used [ASTM E 399-90 (1992)].

Mode IT

Mode I G
Tensile fracture * ' Shear fracture
X
] Mode IIT
J Tearing
(3

Figure 1 Mode of fractures [2]

These test models have prescribed dimensions that simulate plain strain type loading. Ultimately K¢ is obtained based
on initial crack length and remote stress field. K is a stress intensity factor that accounts for the reduced load Opening
Mode Sliding Mode Tearing Mode Figure 1.1 This type of analysis is usually only valid for high strength-brittle

materials and homogenous materials in general.

Modal analysis for Mode | and 11

Modal analysis is carried out to establish correlation on structural stiffness. With above set analysis it is
evident epoxy plays an important role in material stiffness and strain energy. Hence modal analysis is carried

on epoxy-based carbon fiber composites.
Analysis
Two set of analysis is carried out as follows:

1) Free-free modal

2) Constrained modal

Symmetric model of 0/90/45/-45/90/0 composite ply DCB material is used to analyze Mode 1 fracture

evaluation with respect to effect of load on stress, shear, and strain energy.
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Materials
Youngs modulus- E- “Pa” | Poisson’s Ratio “v” | Shear Modulus -G- “Pa”
Material Density
X Y Z XY YZ XZ XY YZ XZ
Carbon 1800 | 2.3e™ | 23¢10 | 23e | 02 | 04 | 02 | 9 |821°| 9e™®
fiber -230
Epoxy
Carbon 1490 | 1.21eM | 8.6€° 8.6¢e° 027 | 0.4 | 0.27 | 4.7e10| 3.1e% | 4.7e10
fiber -230
Table 1 Material properties [19]
Results

Free modal analysis for Mode | - Epoxy Carbon 230

Mode | Free-Free Modal analysis
Mode Frequency-"Hz"

1 0

2 0

3 1.30E-03

4 5.10E-03

5 1.00E-02

6 1.09E-02

Table 2 Mode | Free-Free Modal analysis — Epoxy Carbon Fiber 230

F: Mode | Modal- Free Free F: Mode | Modal- Free Free

Mode 1 Mode 2
Type: Total Deformation Type: Total Deformation
Frequency: 0. Hz
Unit: mm

02-08-2023 18:32

Frequency: 0. Mz
Unit: mm

02-08-2023 1831

803.59 Max
754.68
705.76
€56.64
€07.93
$59.01
510.09
46118
412.26

363.34 Min
F: Mode | Modal- Free Free F: Mode | Modal- Free Free
Mode 3 Mode 4
Type: Total Deformation Type: Total Deformation
Frequency: 1,2924e-003 Hz Frequency: 5.101¢-003 Hz

Unit: mm
02-06-2023 1834

Unit: mm

02-08-2023 1834

1079.1 Max 1245.8 Max
260.07 1134
84099 961.06
me 84867
6.8 nes
48375 $83.9
36467 45152
24559 31913
12651 18674
7.4313 Min 54.358 Min

Figure 2 Mode | Free-Free Modal analysis — Epoxy Carbon Fiber 230
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Free-free modal analysis all first six modes are below zero and shows rigid body motions.

Constrained modal analysis for Mode | -Epoxy Carbon 230

Mode, I Constrained Modal
analysis
Mode Frequency-"Hz"
1 5259
7266
8732
20758
24679
26550

OO W

Table 3 Mode | Constrained Modal analysis — Epoxy Carbon Fiber 230

G: Mode | Modal-Constr sined G: Mode | Modal-Constrained
Mode 1 Mode 2
Type: Total Deformation Type: Total Deformation

Frequency: 5259, Hz
Unit: mm

02-08-2023 1843

Frequency: 7266.8 Hz
Unit: mm

02-08-2023 1843

10745 Max
955.16
835.76

1153.7 Max
10255
897.35

1637 769.16

596.57 640.96
477.58 512.77
2610 78458
281 25639
11939 12815
0 Min 0 Min
G: Mode | Modal-Constrained G: Mode | Modal-Constrained
Mode 3 Mode 4
Type: Total Deformation Type: Total Deformation
Frequency: 87323 Hz Frequency: 20758 Hz
Unit: mm Unit: mm
02-08-2023 1848 02-08-2023 1849
1584 Max 1142.1 Max
1408 10152
1232 ?3833
1056 61,43
880.02 63452
70402 0.0
38N
3801 25381
s s
18 0 Min
0 Min

Figure 3 Mode I Constrained Modal analysis — Epoxy Carbon Fiber 230

Constrained modal analysis shows the material is stiff and shows correlation with strain energy and stiffness

all first six modes are below zero and shows rigid body motions.

Free modal analysis for Mode | - Epoxy Carbon 395

Mode | Free Free Modal analysis
Mode Frequency-"Hz"

1 0

2 0

3 2.74E-03

4 3.13E-03

JETIR2308622 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org |g207


http://www.jetir.org/

© 2023 JETIR August 2023, Volume 10, Issue 8 www.jetir.org(ISSN-2349-5162)

5 7.29E-03
6 1.68E-02

Table 4 Mode | Free-Free Modal analysis — Epoxy Carbon Fiber 395

F: Mode | Modal- Free Free F: Mode | Modal- Free Free
Moide 1 Made 3
Type: Total Deformation Type: Total Deforrnation
Frequency: 0. Hz Frequency: 0. Hz
Unit: e Urit: e
06-08-2003 02:33 06-08-2003 02:33
G0 1.06 Max GUEZI Max
0 661,62
TSE0d 6280
687.88 S64.4
61682 539.79
545 TH 525.18
47465 430,57
400,653 455.96
3257 421.35%
261.51 Min 396.74 M
F: Maode | Modal- Free Free F: Maode | Modal- Free Free
Mode 3 Mode 3
Type: Total Deformation Type: Total Deformation
Frequency: 2.T360e-003 He Frequency: 2.7383-003 Hz
Unit: rrier Unit: mm
0¢-08-2023 0233 06-08-2003 02:33
10327 Max 1032.7 Max
2013 prliRE]
BOT.58 807.58
655.04 G504
58249 S62.49
e84 46,54
35739 35730
M 244,54
132.29 132.29
19,745 Min 19,745 Min

Figure 4 Mode | Free-Free Modal analysis — Epoxy Carbon Fiber 395

Free-free modal analysis all first six modes are below zero and shows rigid body motions.

Constrained modal analysis for Mode I- Epoxy Carbon 395

Mode, | Constrained Modal
analysis
Mode Frequency-"Hz"
1 6448.9
9177.2
9647
23876
29812
31073

OO wWw|IN

Table 5 Mode I Constrained Modal analysis — Epoxy Carbon Fiber 395
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G: Mode | Modal-Constrained G: Mode | Modal-Constrained
Mode 1 Mode 2
Type: Total Deformation Type: Total Deformation
Frequency: 63489 Hz Frequency: 9177.2 Hz
Unit mm Unit: mm
06-08-2023 02:38 06-08-2023 02:39

1042 Max 1133.9 Max

feNn 1007.9

81044 £91.93

634,66 755

578.68 629.95

463 503.96

347.33 3779

155 f:;g

= i
G: Mode | Modal-Constrained G: Mode 1 Modal-Constrained
Made 3 ; Mode 4
Type Toung'o.,m“wn Type: Total Deformation
Frequency: 9646.6 Hz Frequency: 23876 He
Unit: mm Unit mm
0508-2003 02539 06-08-2023 02140

1551.5 Max 11442 Max

13791 10171

1206.7 899.95

10343 762.81

861,94 635.68

689.56 508.54

5177 38141

34478 25427

172.39 12714

0 Min 0 Min

Figure 5 Mode | Constrained Modal analysis — Epoxy Carbon Fiber 395

Constrained modal analysis shows the material is stiff and shows correlation with strain energy and stiffness

all first six modes are below zero and shows rigid body motions.

Free modal analysis for Mode 11 -Epoxy Carbon-230

Mode Il Free-Free Modal analysis
Mode Frequency-"Hz"

1 0

2 0

3 9.01E-04

4 2.91E-03

5 3.58E-03

6 9.63E-03

Table 6 Mode Il Free-Free Modal analysis — Epoxy Carbon Fiber 230
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J:Mode Il -Modal-Free ¥ Mode Il -Modal-Free
Mode 1 Mode 2

Type: Total Deformation Type: Total Deformation
Frequency: 0. Hz Frequency: 0. Hz

Unit: mm Unit: mm

02-08-2023 18:20 02-08-2023 1821

351.35 Max 576 Max
33685 suzn
. 32235 . 4823
. 307.85 . 38434
,! 293.36 . 32046
B 57006 ;
27886 = 25657
= 26436 | 192.69
24986 L 1288
23537 6.9
220,87 Min 1.0314 Min
J: Mode Il -Modal-Free ) Mode Il -Modal-Free
Mode 3 Mode 4
Type: Total Deformation Type: Total Deformation
Frequency: 9.0059-004 Hz Frequency: 2.9148e-003 Hz
Unat: mm Unit: mm
02-08-2023 1822 02-08-2023 1&:23
593.65 Max 501.27 Max
527.97 446.25
= 462.29 391.24
3%6.61 336.23
33093 b 281,21
| 265.25 . 226.2
19257 17119
N s 11617
68203 61.162
2.5222 Min 6.1485 Min

Figure 6 Mode Il Free-Free Modal analysis — Epoxy Carbon Fiber 230

Free-free modal analysis all first six modes are below zero and shows rigid body motions.

Constrained modal analysis for Mode I1-Epoxy Carbon-230

Mode Il Constrained Modal analysis
Mode Frequency-"Hz"
1 946.26
1442.6
1800
1902
4157
4379

OO B IW(N

Table 7 Mode Il Constrained Modal analysis — Epoxy Carbon Fiber 230
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K: Mode |1 Madal Constrained K: Mode || Madal Constrained
Made 1 Made 1
Type: Total Deformation Type: Total Deformation
Freguency: MEZ6 He Frequency: MEIE He
Unit: mrrm Unit: mrirm
02-08-2023 18:26 02-08- 2003 18:26

1629.2 Max 1629.2 Max

14442 14482

12671 1267.1

10861 1086.1

8051 905.1

Ted0E 7408

Hile 306

36204 362,04

18102 180

0 Min 0 Min
K: Mode 1| Modal Constrained K: Mode |1 Modal Constrained
Mode 3 Mode 4
Type: Total Defarmation Type: Total Deformation
Frequency: 18004 Hz Frequency: 1908 Hz
Unit: Frirr Unit: mirm
0-08-203 18:27 02-08-2003 18:28

513.23 Max 40276 Max

ABE3 437.48

39318 36278

e EFERN

8513 27142

FFR) 21674

17.08 16405

114,05 0837

57,026 54084

0 Min 0 Min

Figure 7 Mode | Constrained Modal analysis — Epoxy Carbon Fiber 230

Constrained modal analysis shows the material is stiff and shows correlation with strain energy and stiffness

all first six modes are below zero and shows rigid body motions.

Free modal analysis for Mode Il -Epoxy Carbon-395

Mode Il Free-Free Modal analysis
Mode Frequency-"Hz"

1 0

2 0

3 0.00E+00

4 4.20E-04

5 1.48E-03

6 2.07E-03

Table 8 Mode Il Free-Free Modal analysis — Epoxy Carbon Fiber 395
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k: Mode 11 -Modal-Free
Mode 1

Type: Total Deformation
Frequency: 0. Hz

Unit: mm

06-06-2023 0249

307.84 Max
306.58

I Mode |1 -Modal-Free
Mode 2

Type: Total Deformation
Frequency: 0. Mz

Unit mm
06-08-2023 02:30

546.35 Max
48852
430.65

30612 37266
305.27 5.0
ElCE ) 812
303.56 19936
302.7 14153

301.65
300.99
300.14 Min

k Mode Il -Modal-Free
Mode 3

Type: Total Deformation
Frequency: 0. Hz

Unit mm

06-06-2023 02:51

516.73 Max
460.62
40451
3484
292.29
236.18
180.07
123.96
67.851
11.742 Min

.70
25872 Min

J: Mode |1 -Modal-Free
Mode 4

Type: Total Deformation
Frequency: 4.1972¢-004 Hz
Unit: mm

06-08-2023 02:52

S447T Max
43448
44

363.84
303.53

FLEN TS
1mn
12261
62.298
1.989 Min

Figure 8 Mode Il Free-Free Modal analysis — Epoxy Carbon Fiber 395

Free-free modal analysis all first six modes are below zero and shows rigid body motions.

Constrained modal analysis for Mode I1-Epoxy Carbon-395

Mode Il Constrained Modal analysis

Mode Frequency-"Hz"

1 933.13

1354.9

1667.6

1882.1

3882.3

ool Ww(N

4111.1

Table 9 Mode Il Constrained Modal analysis — Epoxy Carbon Fiber 395
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K: Mode || Modal Constrained K: Mode |l Modal Constrained
Mode 1 Mode 2
Type: Total Deformation Type: Total Deformation
Frequency: 933,13 Hz Frequency: 1354.9 bz
Unit mm Unit: mm
06-08-2023 02:54 06-08-2023 02:55
1761.6 Max 1669.7 Max
1565.9 14842
13701 12968.6
11744 1113
Sra.€8 R7.6
782.94 742.09
587.21 556.56
30147 3N
195.74 165.52
0 Min 0 Min
K: Mode 1l Modal Constrained K: Mode 11 Modal Constrained
Mode 3 Mode 4
Type: Total Deformation Type: Total Deformation
Frequency: 1667.6 Hz Frequency: 18821 Hz
Unit: mm Unit: mm
06-08-2023 02:55 06-08-2023 02:56
571.28 Max 532.21 Max
507.8 473.08
. 4413 413
. 380.85 35481
bl 317.38 295.67
3 2539 23654
19043 1774
12695 1naz7
63475 59135
0 Min 0 Min

Figure 9 Mode | Constrained Modal analysis — Epoxy Carbon Fiber 395

Constrained modal analysis shows the material is stiff and shows correlation with strain energy and stiffness
all first six modes are below zero and shows rigid body motions.

Modal Analysis - Data Interpretation

Mode | ""Frequency-Hz"
Mode | Epoxy Carbon-230 | Epoxy Carbon-395
1 5259 6448.9
2 7266 9177.2
3 8732.3 9646.6
4 20758 23876
5 24679 29812
6 26550 31073

Table 10 Mode I Constrained Modal analysis.
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Mode | -Modal Analysis -Frequency "Hz"

35000
30000
N 25000
} 20000
(4]
S 15000
[on
2 10000
5000
0
1 2 3 4 5 6
Modes
—@— Epoxy Carbon-230 Epoxy Carbon-395
Graph 1 Mode | Mode I Constrained Modal analysis.
Mode Il ""Frequency-Hz"
Epoxy Carbon- Epoxy Carbon-
Mode 230 395
1 946.26 933.13
2 1442.6 1354.9
3 1800.4 1667.6
4 1902 1882.1
5 4156.6 3882.3
6 4378.5 4111.1
Table 11 Mode 11 Constrained Modal analysis.
Mode Il -Modal Analysis -Frequency "Hz"
5000
_ 4000
T
. 3000
= 2000 ‘
8 A//
* 1000

Mode

—@— Epoxy Carbon-230 Epoxy Carbon-395

Graph 2 Mode | Mode | Constrained Modal analysis.
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Conclusion

Epoxy resin adds stiffness to composite materials there by changing the behavior of composite ply to
optimized brittleness with transition stage. Mode, | depict brittle nature and Mode Il depict ductile nature of

stiffness. Hence Mode | failure generate more catastrophic failure than Mode Il in composite parts.
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