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Abstract

The weight reduction and improved mechanical property are one of the prime factors to develop new materials for the aero-
space industry. Composite materials have thus become the most attractive candidate for aircraft and other means of trans-
portations due to their excellent property and light weight. In particular, fiber reinforced polymer (FRP) composite materials
have been used as an alternative to metals in the aircraft. The composite materials have shown improved properties compared
to those of metal and polymeric materials, which made the composites being used as the skin structure of the airplane. This
review introduces different types of materials which have been developed from the FRP composite material and also one
of the most advantageous ways to employ the composites in aircraft.
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Table 1. Potentials of Light Weighting Materials
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Material replaced

Light weighting Materials

Expected Mass reduction (%)

Steel, Aluminium, Cast Iron Cabon Fiber composite 50-60
Steel, Cast Iron Aluminium Matrix composites 40-90

Steel Glass fiber composites 25-35

Mild steel, carbon steel Advanced high strength steel 15-25
Mild steel High strength steel 15-20

Source : Industry sources, ICICI Securities.

Materials used in 787 body .
Fiberglass M Carbon laminate composite : Total materials used
B Aluminum 1 Carbon sandwich composite i By weight

Aluminum/steel/titanium Other

seel 5%

Table 2. Percentage of Total Structural Weight

Percentage (%)

e
15%
Aluminum
20%

: By comparison, the 777 uses 12 percent
 composites and 50 percent aluminum.

Figure 1. A pictorial representation of the materials used to construct
the Boeing 787 Dreamliner{6,7].

Figure 2. (3}) Korean Airdines B787 Dreamliner - Boeingiit (%)
Korean Aidines A380 - Airbusitt[9].
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Figure 3. Life cycle of SHM system[11].
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Table 3. Nondestructive Testing Methods

Methods Summary Reference
Shearography The shearography method measures the derivative of surface displacement through the application of [14]
controlled thermal stresses by contents of the shearing and control of the PZT mirror
Photoelasticity Photoelasticity is method to measure the entire distribution of the stress field that appears in the sample [15]
image from the photoelastic.
Eddy current testing Eddy current testing is nondestructive inspection technique for detecting discontinuities of the sample using [16]
the eddy current.
Ultrasonic inspection By injecting ultrasound test sample, using a pass value and the reflection values of the ultrasound is used [17]
to analyze the defect.
C-scan C-Scan measurement method can mesure scratch and evaluating the material of the composite material. [17]
C-scan is an ideal method to assess the reliability and effectiveness of the ultra-violet mapping technique
Acoustic emission AE is an efficient method to monitor, in real time, damage growth in both structural components and [18]
specimens
Coin-tap Coin tap is applied manually to the structure of interest. And operator can interpret if there is damage present [19]
by listening to sound wave difference
Radiographic inspection X-ray or 7y -ray are used to inspection of the internal defect detection. It is possible to estimate distribution [20]

and size of inner defect of the sample

Table 4. ASTM Standard Test Methods for Composite Materials

Title

ASTM D 3039-95
ASTM D 4255-83
ASTM D 3518-94
ASTM D 3846-94
ASTM D 5379-93

Test Method for Tensile Properties of Polymer Matrix Composite Materials
Guide for Testing In-Plane Shear Properties of Composite Laminates
Practice for In-Plane Shear Stress-Strain Response of Unidirectional Polymer Matrix Composite Materials
Test Method for In-Plane Shear Strength of Reinforced Plastics
Test Method for Shear Properties of Composite Materials by Vnotched Beam Method
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Figure 5. Comparison of tensile strength and modulus of jute-based,
glass-based and jute/glass-based hybrid composite[23].

Front face 4 layered hemp Back face 4 layered hemp

Front face 4 layered hemp

Back face 4 layered hemp

Figure 6. Fragmentation characteristics of 4 and 5 layered hemp
specimens|25].

BT Al Al S AdshARe] des &
571 4’43@4 s SRR B Aol dolrh dojok s
e }%OP"L‘" o= 2 Aol7k BAgEofok Hitades A4
:8: o QUek EER Al 71x] 9 Fel wet A8 5 9
70@}2%]94 THE FERA Hmd S5 IAHRH A R-BE, Sic
), AR ZIA (A, SR ), AR ZIASIC, B
) 5ol 247] B ASHAIE ARgshzl ol o] Adeldt 24&
TR Hsk AR 2de 7 viAlE AR eR Qlsl B
Sz 7 AR ool S EgE AR

Qo’l R il

-1

0

e}

mi
ro(, ﬂil
m‘*‘

oft rlr ofr

offl

ol

3. BBIIS S| UL S8

0

T8 %ﬂ 27 Figure 19] UERSIRo), -5
AHe}, 71 Sl wt ksl A8 4 glony, tiEd
73l ZetnE e o] BgaA7E F2 o] 851 Utk HF
JE FA 9 FRe A TR 5
o8l B9zHo) 7Fssh] wﬁzoﬂ FE Ok 2AE %1% }01 |7
Tt NS S7A7)7) 9% Al 2] A E I
sfolne|= ERgle] Bt 1449 7R 28k EgdaAr) 7}
A BAS F7H717] 918 weto 7 1ok et A7t 5
o] ghei22]. 53] A oR 7pA0] A A FE o] 83 B
2A12) 545710l gt A7t 2] s o] ghon tEAoR
AZE A ARy freldfyadal SdAlel digt A5 st

%;ﬂ e =

256t Ml 27 & M 3 F, 2016

R e J
TR —:-.mv' e 1 0”3

PSS

’*u 5 s,..w"’

Figure 7. Cross-sections of: (a) FlaxUD carbon and (b) FlaxCP
carbon[26].

Figure 8. Scanning electron micrographs of fracture surfaces of epoxy
polymers: (a) unmodified, (b) with 15 wt% silica nanoparticles, (c)
with 9 wt% CTBN, and d with 4.5 wt% silica nanoparticles and 9
wt% CTBN (Crack propagation is from bottom to top)[28].
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Figure 9. Digital photographs of three samples after fire testing (a)
Uncoated composite (b) composite with unfilled coating (c) Composite
with nanofilled coating[38].
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