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The aim of this project is the design and optimization of the formulation
of epoxy adhesives for bonding metal to composite parts . This joints
are most widely used in the aerospace industry to reduce stress
concentration at a point. Joints for single edge joining include stainless
steel metal with commercial code 316L and composite epoxy resin /
carbon fiber. In this study, the effect of three types of additives: filler
(alumina micro-particles), nylon 6.6 and phenolic resin (type of resin)
on the mechanical and thermal properties of epoxy adhesive have been
investigated. Tensile test results showed that increasing alumina fillers
increases the tensile strength and overlap shear adhesive samples,
respectively, in single lap joint dumbbells and elderly. The test showed
that increasing the amount of nylon 6.6 When is slightly higher due
to a sharp drop in tensile strength and overlap shear, respectively,
in both cases is dog bone and single lap joint adhesives. This limit
depends on the capacity epoxy ring to absorb amide hydrogens. The
test for thermal properties (TGA) showed that increasing the amount
of phenolic thermal stability is improved. High-temperature tensile
test of appropriateness is also increasing impact of phenolic resin.
Finally, the adhesive properties built with the similar adhesive (UHU)
were compared. Results showed superiority in single lap joint metal to
composite adhesive is made in the study.
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Picture -1 Dimensions of the dumbbell shape
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Table-1 Taguchi Experiment Design table

Number of Alumina Filler Nylon 6,6 Phenolic Resin
Experiment (pph) (pph) (pph)
1 65 15 40
2 65 20 50
3 65 25 60
4 70 15 50
5 70 20 60
6 70 25 40
7 75 15 60
8 75 20 40
9 75 25 50
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Table -2 Tensile Test Results of Dumbbell Shape Samples

Number of Lap Shear Young>s Strain | Toughness

Experiment | Strength (MPa) | Modulus (MPa) (KJ/m3)
1 0.80 11.29 0.495 273.22
2 0.61 7.80 0.730 384.65
3 0.55 7.17 0.612 374.76
4 0.96 8.98 0.603 359.31
5 0.69 5.24 0.742 377.93
6 0.76 4.77 0.869 406.02
7 0.72 6.61 0.764 442.32
8 1.12 13.82 0.366 308.05
9 0.67 6.17 0.701 388.02

Neat Epoxy 1.90 40.33 0.042 40.10
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Picture -2 Graphical Representation of Changes. A) Modulus B) Toughness of Dumbbell
Shape Samples
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Table-3 Tensile Test Results of Single Lap Joints Samples

Number of Lap Shear Young>s Strain Toughness

Experiment | Strength (MPa) | Modulus (MPa) (KJ/m3)
1 8.31 135.62 0.084 359.40
2 7.04 97.79 0.0863 338.33
3 6.85 109.84 0.065 212.30
4 8.47 92.73 0.101 453.95
5 7.79 100.61 0.107 417.49
6 8.27 112.58 0.086 387.54
7 8.05 109.65 0.082 342.63
8 8.82 120.96 0.083 330.72
s 7.26 107.88 0.068 243.22

Neat Epoxy 3.20 81.91 0.029 30.13
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Picture-4 Graphical Representation of Changes. A) Modulus B) Toughness of Single lap Joints Samples
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Analysis of Variance (ANOVA) Results of Single Lap Joints -Table4
variable DF Seq SS Adj SS Adj MS F P
Alumina 2 1.62313 1.62313 0.081157 40.61 0.024
Filler
Nylon 6,6 2 1.11862 1.11862 0.055931 27.99 0.034
Phenolic 2 2.15473 2.15473 1.07736 53.91 0.018
Resin
Residual 2 0.03997 0.03997 0.01998
(error)
Total 8 4.93645
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Table -5 Thermal Stability Factors of Neat Epoxy/ Sample No.8/ Sample No.3 Adhesives

sample Neat Epoxy Sample No.8 Sample No.3
T,r (°C) 304 332.54 333.45
T, . (°C) 370 366.22 365.24
Char (Wt%) at 8.8 47.21 43.82
600 °C
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Picture-7 FTIR Spectra of A) Sample No.3, B) Sample No.8
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Table6. Comparison of Tensile Test Results of UHU300 Commercial Adhesive and Optimal Sample in This

Study
Sample Tensile- Shear | Young>s Modulus | Strain Toughness
Strength (MPa) (MPa) (kJ]/m3)
UHU300 4.66 321.56 1.45 16.36
Optimal Sample 8.8 120.961 8.3 330.72
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