LINIVERSITI SAINS MALAYSIA

First Semester Examination
Academic Session 2009/2010

MNovember 2009

ESA 323/3- Aerospace Engineering
Kejurueracn Aeroangkasa

Dueration 1 3 jam
Measa © 3 jam

ARAHAN KEPADA CALON :
INSTRUCTION 10 CANDIDATES:

Please ensure that this paper contains THIRTEEN (13) printed pages and FIVE (5) questions
before vou bogin cxamination,

Sila pastikan bahawa kertas peperiksaan ini mengendungi T1GA BELAS (13} mukasurat
bercetak dan EXMA (3) soalan sebelum anda memulakon peperiksaan ini,

Answer FIVE (5) questions. All questions carry the same marks,
Jawah LIMA (5) soalan. Semud soalon membawa fumiah markaf vang samca

Student must answer the questions in English.
Pelajar mesti menjawab soalan dalam Bahasa Inggeris,

Each questions must begin from a new page.
Setiap soalan mestilah dinulakan pada mukasurar vang boari

In the event of any discrepancies, the English version shall be used,
Sekiranva terdapat sebarang perconggahan poada kerlas soalan, versi Bohasa Inggeris
hendaklakh diguna pakai,

APPENDIX /LAMPIRAN [1 page/mukasurat]
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Sandwich composite materials consist of a number of different constituent
materials. [t is known that different parts of materials are responsible for distinet
functions. Brielly describe the principles of the constituents of composites and
their importance lowards the performance of the structures with respects to their
mechanical characteristic subjected to specified loading,

Sandwic bahan komposit terdivi davipada beberapa jenis juzuk bahan yang
herbeza. la diketahui bahawa perbezaan setiap bahan mempurnyat Sungsi vang
berlainan, Terangkan secara ringkas prinsip-prinsip unsur komposi cleint
kepentingannya terhadap  prestasi struktur dengan merujuk  kepada  sifar
mekanikal tertakink kepada beban yang ditemtukan,

(15 marks/inarkal)

In a certain engineering application, unidirectional fibre reinforced epoxy
composite has been used for structural materials. However, the composite is
crucially designed so that the compressive strengths of the fibre should be as
high as possible lo prevenl any unnecessary buckling, Among the fibers to be
considered are high-strength carbon fiber, high-meodulus carbon fiber and
Kevlar 49, By using the given table, select one of these fibers on the basis of
high mechanical property (compressive strength). However, compromise should
be made on the minimum weight eriteria. Critically, include the justification of
YOUTr answer,

Dalam aplikasi kejuruteraan lertenty, komposit fiber eka-arah vang diperkual
dengan epoxy telah digunakan sebagai herhan-balian wntuk mentbual stradiur
batian, Wealaw bagaimanapun, komposit perlu dicipta khas supaya mencapai
kekuatan mampat fiber setinggi yang mungkin wntuk mengelakkan ‘huckling'
vang tidak diperiukan, Jenis-jenis fiber yang akan dipertimbangkan adalah
karbon fiber berkekuatan-tinggi, karbon fiber bermodulus tinggi dan Keviar 49.
Dengan menggunakan jadual yang dibertkan, pilih salah satu dart fiber yang
mempunval  sifat tmekanikal  yang tinggi fleekuatan  mampat).
Welaubagaimanapun  kompromi  perii dibuat herdasarkan kriteria  berot
minimun, Secara kritis, sevtaken justifikasi bagi jawapan anda.
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Mote that the compressive strength of unidirectional fiber is given by the
following equation:

Ambil perhatian bahawa kekuatan mampat fiber eka-arah diberikan oleh
prersopnaan berikul

_mE{dY
D rider bkt = ]6_ LI),

Where E is the tensile modulus and d/L is the reciprocal of the aspect ratio,
Note that the length. L of the fibre is remained the same for all three fibres.

Di mana E adalah  modulus ketegangan  dan (/1) adalah nisbah angha
salingan. Perhatikan bahawa panjang fiber L wintuk ketiga-tiga Jenis fiber adalah

SN,

Fibres Diameter, Young's Specific
d (pm) Modulus, gravity
I E (GPa)
HM Carbon 8 300 1.80
HS Carbon 3 250 1.80
Kevlar ™ 40 N 130 1.45

Table 1 [b]: Properties of the fibers.
Jadual 1[5]; Sifat-sifa fiber

(45 marks/markal)
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In typical fabrication of polymer matrix composite (PMC), two types of matrix
systems are gencrally employed, namely thermoplastics and thermosetting resin,
Figure 1 [c] shows the polymerisation process of thermosetting resin with
respect to the curing temperature and time. Demonstrate your understanding on
the curing process of thermosetting resin by comprehensively interpreting the
following fizure, The discussion may include the different stages of the
polvmerisation process of thermaosetting matrix.

Dalam pembuatan polimer konmposit mairiks (PMC) biasa, terdapat dua jenis
sistem matriks vang lazimeyva digunapakai, iaitu termoplastik dan termosetfing
resin, Rajoh I} menunjulkon hwbungan  amtara  proses pempolineran
termasetiing resin dengan suhu pengawetan dan masa. Tunjukkan sejauh mana
pemahaman anda tentang proses pengawetan bagl fermoselting resin derngan
mentafsiv  rajal yang  bertkut.  Perbincangan hendaklah mengambil  kiva
perbezaan peringhat dalam proses pempolimeran lermoselting mairiks.
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: Polymerisation process of thermosetting resin with respect to the curing

temperature and time.
Hubungan proses pempolimeran termosetting resin dengan suhu pengawetan
elar masa

(40 marks/markalt)
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Figure 2 [a]: Sign convention for sandwich beams
Rajah 2[a] : Tanda konvensyen untuk rasuk sandwic

(60 marks/markalt)

A typical sandwich struciure consists of a core bonded in between two

faceplates using adhesive. A wide range of sandwich structures can be

constructed by combining various faceplates and core materials. However, the

selection of materials should comply with the principles and design criteria in

order to achicve a good quality of the steucture. Therelore, writes a sumniary

hased on vour understanding of the selection criteria of the material for
faceplate. core and adhesive with regards to their mechanical requirement,
principles and design aspects.

Striktur sandwic biasanya terdiri daripada teras terikat yang terletak di antara
dita plat-leper dengan menggunakan pelekat. Pelbagai fenis strukiur sandwic
holeh  dibing dengan menggabungkan jenis plat-leper dan hahan teras, Walau
bagaimanapun, penilificn hahan-bahan harus mengikut  prinsip dan kriteria
reka bentuk bagi menghasilkan struktur yang berkualiti tinggi, Oleh itu, tuliskan
satu  ringkasan'kesimpulan  berdasarkan pemahaman  andd  lentang kriteria
pemilihan plat-leper, teras dan pelekat tertakiuk kepada keperiuan, prinsip dan
aspek reka eipta mekanikal.

(40 marks/markal)}
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The amount of fibres in a composite sample can be determined by a burn-out
test: the burn-out eliminates all the resin and as a result, only the fibres remain.
Given a scenario, in which a composite sample plus its container weighs 67.343
grams before burn-out and 65.598 grams after burn-out. The container we ighs
$2.022 grams. Based on the information given, compule correctly the fibre
weighs fraction FFrand matrix weight fraction W7,

Jumlah fiber dalam sampel komposit boleh ditentukan oleh wjian hakar; ujicn
hakar akan menyingkivkan semua resin dan hanye meninggalkan fiber.
Pertimbangkan scenario berikat, di mana satu sampel komposit berseria hedeas
vang mempunyal berat sebelum bakar seberat 67.343 gram dan 63.398 gram
selepas dibakar. Berat bekas {alah 62.022 gram. Berdusarkan maklumar yang
diberi, kira dengan tepat pecahan bevat fiber Wy dan pecahan berat mairiks W

{15 marlks/markak)

Using the simple square arrangement in Figure 3 [b], verify that fibres with
square cross section can be packed to higher fibre volume fractions than fibres
with round cross sections. Compare the fibre surface area per unit volume
fraction for each cross section, In addition, explain the significance of the
surface area caleulations.

Dengan menggunakan susunan segi empat vingkas dalam Rajah 3fb], tentukan
fiber yang mempunyai keratan rentas bersegi boleh disusin wnink menfadi
pecahan fiber berisipadu tinggi bevbanding fiber keratan rentas bidar. Buen
perbandingan pecahan permukaan fiber per unit isi padu untuk sediap kevaian
rentas, Selain itn, terangkan manfaat pengivaan kawasan perniukaan.

. 8f
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(@) Round (b) Square

Tigure 3[b]: Simple square unit, representative of fibre packing arrangement.
Rajeah 3fB]: Unit segi empat ringkas, mewakili susunan fiber dalam bungkusan

{c)

(25 marls/markah)

Consider a unidirectional composite consists of AS-4 carbon fibres and 3501-0
epoxy matrix with the properties as listed in Appendix 1 and Appendix 2,
respectively. In addition, Appendix 3 also shows the properties of typical
unidirectional composites.

Dengan angeapan bahawa komposit cha-arah mengandungi AS-4 fiber karbon
demn 33016 matrik epoxi. Sifat bahan untuk kedua-dua bahan s Ing-masing
disenaraikan dalam Lampivan | dan Lampiran 2. Selain itu, Lampiran 3 juga
menunjukkan sifal-sifat pikal komposit.

(i)

Based on the information listed in Appendix 1, 2 and 3, determine the
longitudinal modulus #; of the composite using the rule of mixture
equation. Compare the value from that of the Appendix 3 and discuss
what might cause the difference.

Berasaskan maklwmat yang disenaraikan dalemn Lampivan 1, 2 dan 3,
tentukan  modulus  longitud Ey urtuk  komposit  fersebut dengan
menggunakan persamaan hukem campuran. Bandingkan nilai tersebut
dengan nilai dalam Lampivan 3 dan bincangkan apakah punca yang
menyebabkan nilainva berbeza

W9
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Similarly, based on the information listed in Appendix [, 2 and 3.
determine the transverse modulus f£; of the composite using the
mechanics of materials appreach. Also, comparc the value from that of
the Appendix 3 and discuss what might cause the difference.

Berasaskan maklumat yang disenaratkan dalam Lampivan 1, 2 dan 3,
tentuken modulus melintang E, untuk kompasit dengan mengginakan
pendekatan mekanik hahan. Buat perbandingan nilai tersebut dengan
nilai  datam  Lampivan 3 dan bincangkan apakah  punca yang
menvebabkan nilainva berbeza,

(60 marks/markaft)
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The load-strain data obtained in a tensile test of a unidirectional carbon fibre-
cpoxy compasite are given in the following table, Specimen dimensions are as
follows: length = 254 mm, width = 12.7 mim, and thickness = 1.4 mm. Plot the
Stress vs. strain responses in a graph paper and subsequently determine the
tensile modulus for each fibre orientation.

Jadual berikut menunfuldan senarai data load-strain Yang diperolehi dari ujian
ketegangan komposit ekg-arah karbon fibre-epoxi . Dimensi spesimen adalah
seperii bertkut: panjang = 254 mm, lebar = 12.7 mm, dan tebal = {4 wmm,
Dengan menggunakan kertas graf, Lakarkan ketegasan melawan keterikan deam
selepas i lentukan modulus tegangan untuk setiap orientasi fiber.

Axial strain Load (N)
Yo i 0" [ 45" 90" |
B 0.05 2130 130 67
0.10 4270 235 134 |
B 0.15 6400 360 204
0.20 8620 485 333
L 0.25 | 2 565 [ 39

Table 4 [a]: Result of tensile fest of a unidirectional CFRP/epoxy com posite.
Jadual 4fa] : Keputusan wjian ketegangan bagi komporil eka-arak CFRP/epoyi,

(60 marks/markal)

The following longitudinal tensile strength data (in MPa} were obtained For a
[0/4+45/90)s E-glass fibre-cpoxy laminate: $20.25. 470.27, 457.60, 541.18,
366.35, 489.82, 524.55, 557.87, 490.00, 498.99, 49695, 510.84. and 558.76,
Determine the average tensile strength, the standard deviation and coefficient of
variation.

Berikut adalah datg kekucaran tegangan longitud (dalam MPa) diperoleh untiuk
(0 /45/90) fibre-epoxy e-glass laminate - 32025, 470.27, 45760, 341.18
366,35, 489.82, 524.55, 557.87. 490.00 498 99, 496.95, 510.84. dan 358.76,

Tentukan purata kekuatan tegangan, sisihan piawei dan pekali berlairan,

(40 marks/markah)
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Consider a carbon fibrefepoxy composite laminate in pre-preg forms fabricated
using a bag moulding process as shown schematically in Figure 5 |a(i)]. The
composite then, will be cured by using an autoclave technique with a two-stage
cure cyele as shown in Figure 5[afii)]. Critically interprets the graph by
analvsing every sections of the stage. Your discussion should include the
temperature, pressure and vacuum distribution profiles as well as viscosity state
of the resin.

Rajech 5fafi)] menunjukkan gambar rajah skema uniuk proses pengacuan beg
bugi lapisan vang disaluti dengan  karbon fiber/epoxi kompaosit dalem bentuk
pre-preg, Kemudian, kowmposit akan diawetkan dengan menggunakan teknik
autoklaf dengan kitaran pengawetan dua-peringkat seperti yang dituniukkan
oleh Rajah Sfafii)]. Tafsivkan graf dengan membuai analisa pada setiap
bahagian di setiap peringkat. Perbincangan harusiah mengambil kira stk
tekanan, bentuk pengagihan vakim dan tahap kelikatan resin.
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Figure 5 [a(i)|: Schematic of a bag moulding process.
Rajah 5/afi)]: Rajah skema untuk proses pengacuarn beg
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Figure 5 [a(ii}]: A two-stage cure cycle for a carbon fibre-epoxy prepreg.
Rajoh Sfafiil] : Kitaran pengawetan dua-peringkar untuk karbon fibre-epoxy prepreg

(50 marks/markal)
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The following Figure 5[b] shows two cure cycles and the corresponding
viscosity-time curves for an epoxy-based prepreg. Which of these cure cycles is
expected 1o produce better and uniform mechanical properties. Critically, picase
Justily your answer.

Rajah 3(b) menunjukkan dua kitaran pengawetan dan lengkung sepadan
kelikatan  melowan masa  hagpl  asay epoxy pre-preg. Di mana  kitaran
pengawetan ini dijangka akan menghasilkan sifat mekanikal yang lebih baik
dan seragam. Secara kritis, huraikan jawaparn ande .
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Figure 5 [b]: The cure cycles and the corresponding viscosity-time

curve of epoxy-based prepreg.

Rajah 3[b]; Kitaran pengawetan dan lenghung sepadan kelikatan melawan masa

bael asas epoxy pre-preg

(50 marks/markal)
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