
PRINCE OF SONGKLA UNIVERSITY

FACULTY OF ENGINEE:RING

Midterm Examination: Semester 2

Date : 26 December 2010

Subject : 237-460: COMPOSITE MATERIALS

Academic Year : 2010

Time : 9:00 - 12:00

Room: R200

~'fl-1J1~~TJ~ 1,r~l1n~m~1 ..

1UI1!J ~ \41;1.
1. -if'fl~'flUil~-:lVl~~ 16 -if'fl 11Jm:::~11=t~1Cl1~ .10 .. Vl1J1

2. ~1~n11VlUUU~~-:l1~ 1 ~-:l~1J "'nn~~1J 1 ~~1JL~j;]q"'!~~'flJ"'l:;Vluuu~1~

3. ~1~,j1~'l1J1~~'J1JVld-:l'll'fl-:l-if'fl~'flU'fl'fln"'l1n~'fl-:l~'flu

4. ~~t.J1:;~-:lr1"'l:;'fl'fln"'l1n~'fl-:l~'fluri'fl1JVl~~L'J~1~'flU ~~IJiIJi\}.:I'a.i,ril!Jn~1 30 1J1fi
w

1~unil'fl'll'fl'fl'4ry11il"'l1nq"'!~~'fluri'fl1J"'l:::~n"'l1n~,r-:l

5. ~ri'flVl~c;)~'J~1~'fllJ ~~-if1~'flU~'fl-:lVltJ~n11L~U1J1c;) 1 ~-:l~1J

6. q~t.Jlilj~iL-if1'li1UYJ"'l11Jl11Jn11~'flU j;n~t.J1:;n1P!r1ru:;fjP!':m1w·l1~lJlf

m'VI'l!t Ail ,Ji'J91nL'U'1!11"Jf1;!'VI'iil'i91 Ll.~~~nil1'L1!1'U 1 111F1n1,P1m~.1•
1. ~1~,j1L'fln~111c;)1 ~':ii1~'fl'l~'flU

2. ~1~11ClH'Lr11'fl'l~C;)L~'lI LL~::: ~1J~'fll~

~p!.C;)1.1Jii~'Vi1 i1~'1r1~

~P!.C;)1.~fi11~ i:lU~'J1~

l1n~n1=t11UV111U (l'l~'fl .



.a .,
'b'eJ 1''H1:'I' ..

Part 1 Metal Matrix Composite (80 A::U"")

!lil 1 (18 A::U1oll1oll) liUeJn~eJn,.,.1.IinnTn.j~,irr~lilL.:a'llJ,.::nEl1JLdEl1~VI:: (Metal matrix
~

1 ..., ,,,, .I.J'
composites) 'U."lJEltlEltllilEi LlJ'U.

1.1 E1U1l1Tl L"1I',.1iimm~UL-n11.11 ~ ~1.InU~::E1 E1'11~VI::L VI~1',~VI::L VI~1~rm~uLilu~1 tI~::E1 E1'1
~ 'II 'II

LnlilLiluLijlil E1U1l1Tll~lil~~1.I~ihhU~~1.I"lJEI'I1~VI::LL~:: L"1I',.1iin
~ ~

1.2 m"~~lil~1t1ind' ,r1t1lum,.n1V1Ulil11'1~1Lm1.lLL,.'1L;11U~1LLVI'\.i,'1~LVl1.I1::~1.I~~lil Inurm
~

1iLL,.'1LVI~ t1'1V1'it~uEfn ~1'1"lJ m::vhm,.VI ~ EI vh1VlL~i1b'l1U~ ijm1.l1m"lJ E1'1~1 Lm1.lLL,.'1
'II

1.3 Lilun,.::u1um,.LL"rnnon1.l1lil titiLL,.'1eJlil ~'1lim"LTl~E U~"lJ E1'1 LU1~1U'U.~UhVl::LVI~1li

LL'YI,.non1.l L-n1LlJlU"t-l1~ E1f:l./ L"1I',.1 iin"t-ldu (~1L~11.1 LL"'1) ~'111'1mJuuLu1 ~1 ~1'1
~ 'II

VI~n L~1.I~U'J1nm"~~:l.1 ~'1 E1U1l1TlVl1E1i~LTlElfL"1I',.1ii nnm.j'l1~VI::L-n1~1 tlnu '\.bLlJeJlil
~

LL~::lil11.1lil"1 uE1U ~i1.n Vl1E1'1X.1LlJ eJlil1E1U L~Elliijm,.n' i::-;J1 u~1 EI ~1'1 ~~1 L~1.I E1"lJ E1'1 L"1I',.1 iin

luLdEl1~VI::

.f .Iofl" '"1.5 m"~U"lJU~lJLlJ'U.L'YITlUTln"::U1um"lil11.1V1~'1 (Secor dary deformation processing

technique) ~H1um"~~lil MMC "1I'ii.lilL3J1il ElLrtEl'l (di scontlnuous reinforcement MMC)

"1U~~1.I"lJ E1'1~'11~VI::LL~::~1,.L~11.1 LL"'1tmLlJeJlilL~U mmi1.n LL~::'YIlJ;1''U.,.lJ L~E11V1L~
'II ~ 'II.. ,

A.aI.aI I

"1I'U'I1 'U.'YI1.I Tl111.1V1U1 LLUU~'1
'II

.................................................................................................................
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..r"~D.... 1 .:II.., ...1.6 n,.::lJ1\l,m,.\l,~"ll"LnVl,.lJn,.::lJ1\l,m,. secondary deformation of MMCs lI1£.J3J'lJElll1f1El

~ ~3J ~ ~1\l,"::VI";h"f1113J i\l,LL~::mu.Vlll ij ~~~L~fi El di i1 LL,." LUEl\l,"::Vl11"El\l,1l1f1'vi11~
• 'U •

ill 2. (18 fI::111-111-11) ,nmJEl 2.1 ii" ,]El 2.6 ';)"L~Eln,rEl~tll~1V\'rm'hfl13J~1" ') 1\l,LL~~::,rEl
'U

~ElLud'm1,,1wliEl"fi1111EllJ~1\l,~1" (Vl3J1mVlll1 LL~~::,rElEl" ';)iifi1111Eltmnmnn11 1 ..uEl)
• 'U

2.1........................................ 2.2.., .

2.5 . 2.6 .

2.1 ,rEl~'lJEl"1~~~~md'Ell~VI:: (MMCs) Ldml1£.JlJrllJl~VI ~~hJL~L~3JLL,." (Unreinforced

metals)

a. Weight saving due to higher strength-to-weigh' ratio

b. Higher thermal conductivity

c. Higher elevated temperature stability

d. Improved cyclic fatigue characteristics

e. Little or no contamination

2.2 m,.u,.::~n1ll1i,,1\l,'lJEl,,1~~~~md'Ell~VI:: (Applications of MMCs)

a. Microwave housing for electronic packaging

b. Bladed ring

c. Power transmission line

d. Parts of Boeing 787

e. Brake rotor

.. ... .f 1 12.3 n"::lJ1\l,m"~~1II1~~~~m\l,El ~VI:: \l,~fI1\l,::'lJEl"'lJEl"IVI~1 (Liquid state processing)

a. Near net shape

b. Squeeze casting or pressure infiltration

c. Slower rate of processing

d. Combining a liquid metal matrix with the reinforcement

e. Spray co-deposition
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a. Involves infiltration of a metal perform by a liquid reinforcement

b. Introduce short fiber or particle into a liquid mixture

c. Stir to obtain homogeneous distribution of parti cle

d. Obtain a gradient in reinforcement particle loading

e. Can accomplish with conventional equipment L sed to cast metallic alloy

2.5 1~~~~3JLdelt~'VI::~L~1JLL">1~1£.JeJ'\.l.111f1'tJel>1Lsn"1iin (Particle reinforced composites)
~ ~

a. Expensive process

b. Better wear resistance

c. Anisotropic properties compared to fiber relnfoced composites

d. Lower use temperature than the unreinforced rnetal

e. Increased thermal stability

.¥ .1.... .¥t... .....t ....2.6 n"::1Jl'U.m,.'tJ'U."]Jl~~~~3JL'U.el fl'VI::~l£m""1Jl1l' fl'VIT1""1Jl~~~>1 (Powder Metallurgy)
'II ~ ~

a. A green body is about 50% dense and easily handle

b. Involves cold pressing and sintering

c. Matrix and reinforcement powder are blended to produce a homogeneous

distribution

d. Ratio of particle size to matrix size in important to achieve homogeneous

distribution

e. Degassing is used to remove moisture from particle surface
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2i'il 3 (10 A~LL1-l1-l) 1um1V1i:l€rr~~t-I~1JLi!EllflVl:: (Casting MMCs) -;)~ElnlJ1E.r:he1m1m1Lflu•
i1"1JEl~ciU~1UVl~El (cooling rate of composites) ~L11'~~1ili1iit-lfl~Ellfl1~rl1~-;)flll1fl"1JEl~•
1~~t-I~1JEl~1~h (ElD-tJ1E..1 LLfl::11~111l"llfl1~~f1~-;)flll1mh::nEltJ ~e1m1m1Lflui1L11 use• •
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in 4 (12 A::LL"") l'U.m1~~lil1~lil~~1JLi!El1"l~::(MMCs) ~1£.11~1"l~n111J1~lil~.,1 (Powder
~ ~

metallurgy) ';).,1 ElnlJ1£.1":11 eJlil11 ~1'U."lJEl.,1"lJ'U.1lilEl'U.ll1f1"lJEl.,1L d~1"l~::~~n (Matrix) LL"l::"lJ'U.1lil
~

El'U.ll1f1"lJEl.,1~11L~1mL1.,1 (Reinforcement) n~"l~Elfl111J~l ~IL~'1J mU'U.Ldm~ £.I1n'U."lJEl.,11~lil
~ ~

~~1JLdEl1"l~::Elci1.,1h LL"l::eJlil11~1'U."lJ'U.1lil"lJEl.,1 matrix LL"l:: reinforcement ~L~m::~1Jfl11LU'U.

L"t'1111

(1~ElnlJ1£.1":h Matrix "lJ'U.1lill~qjn~"l~El1m.,1~i'1.,1~"l111f1Ellh.,1h LL"l:: Matrix "lJ'U.1lilL~nn~"l

1f11.,1 ~i'1.,1,;)"l111f1 El ci1.,1h LL"l::L 'Y411:: L~ lilllil~.,1"(h1~Lfl1.,1~i" 1.,1,;)~111 fI LU'U.El ci1.,1tr'U.)
~ ~ ~
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it! 5 (10 G'1::LL"") h~'Eln-lJ1 £.Ji'"G1il"n'i::1J1"n1'i\ni iii)\;! (squeeze casting) useuElnit!~

'iJEI..1mj1inj·nJin-mj~~~LLlJlJmj~~ml~(squeeze cas :iIl9) L~EILfi£.JlJnlJmj~~EILLlJlJ..
~..1L~:JJ

nj::lJTUmj~~ml~

iil 6 (12 G'1::U"") hmj::lJ1'U.mjel~1~ (Extrusion) 1~~~'n.lLi!El1fl~::LLtJ..1L~HI'U.~l.h::Ll1'Y1,

EI::LjU1..1 LLfl::LL~fl::l.h::Ll1'Y1ii,rEl~ ,rEIL~£.J EI~1..1Lj (1iEln-t 1m~i'EI:JJ11~jth..h::nEllJmjEln-lJ1£.J
'I

~1£.J)

.... .. ':'"1 .1
nj::lJ1'U.mjEl~j~LLlJ..1LlJ'U. lJ": ::Ll1'Y1
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Part 2 Ceramic Matrix Composites: CMC (80 A::U,",")

"2) 1l~1:::1Jil\Y'Hl'UtI~fll'H-l~~ CMC 1"(Jin,r~I~1Jtiti ~H1J~':llH'l:::'el" (conventional mixing

and pressing) (1:::1J1J1 3 ~t1)
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4) 'l'ltln'l.J1tJnl'Il'lillPl CMC l~willChemical Vapor Infiltration (CVI process)

6) 'l'ltln'l.J1tJillnl'Il'lillPl Carbon-Carbon Composite 1,tJ in Chemical Vapor Deposition 1Jl

l~tJtY'Il'\Jtl
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'lHJ 'il1ff 9
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