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1. There are 11 questions 100 points and Bonus 10 points (9 pages)

2. Attempt all questions.

3. Only a hand-written note on two-sided A4 and a calculator are

allowed.

4. Borrowing things form other students is prohibited.

Napisphon Meemongkol

Instructor
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1 20 7 5

2 10 8 5

3 5 9 5

4 10 10 5

5 5 11 20

6 10 12 10



1. (20 flI::bb'U'U) "il.:l~\J~jl:~tl oJ1oX1oU€I'11€J.:loU€IA111JVl1.:l~ 1'i.J'U11 ij€I~m"ilf'I111J?l€I~ A~ €J.:l~ '1~ntJ-u€IA111JVl1.:l~ 1'i.J

otl1tl1J11?li.1'V1'1noX1-U€JVl1.:l~1'i.Jotl1tl

B~11fl11bb'l1'i.J~1

2. b'VI1J1~~1'V1~tJvh~'i.J.:l1'i.J~:W'VI'lh~~A.:l~ :WA111J

tl11'j.:l

3. L'VIm~~1'V1~tJfm~'i.J~'IJ~'i.J.:l1'i.J'U'i.J1~L~n Lb"'~:W

'IJ~1J1rufl11f;J~~'j.:l

4. ~'i.J~€J'i.J~111JL€l1fl11Lf;J11~?l11'V1~€J~'i.JLL"'~?l118~
v

€I€In"il 1n:a'i.J.:l1'i.J

5. m~tJ1'i.Jfl11L'IJ~tl'i.J1'IJ~:Wei'~11m1L~1J
"

f;Jun

7. ~ml'ru~L~l€JtJf;JUn'i~\hjL 'VI1J1~cl1'V1~tJHl 'i.J
v

€J~?l1'V1n111Jn11f;J~~:a'i.J~1'i.J"il1nf;J.:ll?l~, ,
8. fl11bbtln~1'U€J.:lW~1'i.J€J€Jn"il1n'U€JtJLm'i.J" ,
9. Vi'l~m11Jbb 1n~Ln~~'i.JLn€J:WLL1.:lm~vi11 'i.Jfl11B~

~'i.J1'IJ
"

m~vi1~1

11. loUf;J~~~'i.J.:l1'i.J'U'i.J1~1'VIti! I:~tl H'LL1.:lei'~~1

12. Vim?l~n~ijtllJoJ11J1 H\U'i.J?l118~

13. 1mI"l1?l~{~L~tl1ntJfl11L'IJ~tl'i.J1'IJ LL",~m11'V1'"
"

14. f;J~~J1ru.y;~~'i.J~'IJ~1tl1TI Shaping

15. ~1'i.J'lJ1~n€JtJ~cl1f('1)~?l~ 'U€J.:lfl11~'i.J1'IJ~181TI, "
Slurry techniques

I .d. A .J' Q.I V Q.I d I

16. fr111J'VI'i.J1LL'i.J'i.JVlLn~'U'Uintl'VI"'.:lm1?l'i.Jf;J.:l1?l~VI€Jtl, "
lWl1'U'i.J~

17. "'ii1'i.J1'i.J€J'4f11A~€J~i.n~:a~1€JtJ€J'4f11A'VId.:l1
, "

18. bL1JvhJ~~eQ~Vii'jn1~Lf01~e:),UVl~v'1~1J1i~lL~tJl LL~
.c:ll -=leu ~ Q.I d 11::10 ({

L?llJ€J'i.JlJVi'i.J'U?l€J.:l~1 LA'" €J'i.J'VI1LblJVilJVi

19. m~tJ1'i.Jfl11f;J~~m ~\r.:lA111J~€J'i.JLL"'~LL1.:lei'~"il1n

'VJnViI"lVl1.:l1'i.JL1"'lL~mn'i.J

20. n", 1mL 1n~Ln~~'i.JLn€J€JtJf;JUn~'i.J.:l1'i.Jf;J.:l1?l~~~1'i.J.

n) ~.:lf;J",L~Ln~fl11LL'I1'i.J~1

'11)

A)

.:l) HIP

"il)

Q)

'(1)

'll)

ru)

'1))

v

n11€JtJf;JUn~'i.J~€J'i.J?l~~18,
1~m I:Vli1L~€J{

vi1L '1XhjLn~m1LL 'I1'i.J~1

!j) Rearrangement

n)
~)

'fl)

~) A pparent density

ru) Compaction

~) Hot pressing

v

(1) n1'jeJLJ~{jflaU'U~eJ'ULLif\

VI) Bulk transport

0) Floating die

'i.J) Double action pressing

tJ) Ejection force

'IJ) Relaxation

f;J) Extrusion

~) Green density

"I'l) Dispersant

yj) Batch furnace

i1) Continuous furnace

1..1) Porous filter

8) Thermoplastic

1) Pre-sintering

",) Slurry techniques

1) Rheology

1'1) Tap density



2. (10 f1:muu) 'Jlf\ vao ~LtJVl~lu~B.:!L~tlUPowder Metallurgy Touches Your Life ~.:!?\B.:!Part

(Part I LL"~Part II)1~tlf\ll11BEll.:!~U.:!1'U~~'U~'Ll~'Jtl1t5Powder Metallur~y ~lfl'U"~ 5 BEll.:!'V'l{B~1~'4

1lt1"~LBtlVl L'll'U'llilVl'1lB.:!l?\Vlm1~1t5fl11[:.l~~-umhlVl V1~B-UBfl11~hu.:!,



3. (5 fl::LL'U'U) bV1fl1'U1",~m::'Ul'UflT'HJ~~ri'",V)e..J.:l (Powder processing technologies) bbU.:ll~btl'lJ 3 b~'lJV11.:l

~e)'m::hUl.:l (b&ll1~Vlmm",'lJ 1 2 ll1'\:: 3) ~~'lJB~fi"\Jf11'ibb,j'lJ~l (densification) 'lJB"e..J.:l1~tJf11'il~bb·m)(;1- ~
fI1'il ~BruVl.f1i1 VI~'€lfm 1~~.:lbme1\i1 bb"'::BruVl.f1i1

, \J , \l

1............................................2............................................ 3.........................................

Powder Powder Powder•• l •Compaction Shape

• Pressure and temperature •
Sinter bond 1 Sinter densify

••
Finishing operations Finishing operations Finishing operations

4. ('liva:: 1 fl::LL'U'U LU'U 10 fl::bL'U'U) '1.:l1~i'l1111V1111tJ'tIB.:lrll~Bltld111''trmoUlh

a) Liquid phase sintering



5. (5 fl::LL'U'U) e.l.:lVl€l.:lbb~.:I~~1'Ufll':i'e)~~'U~'lJi1r111dJVI'U1bbtl'UfI~'Ubtl'U 74% 'lJ€l.:lm1dJVI'U1bbtl'UVl~~~ b~€l'll11 'lJ

~1'UfI1'i€l'Ue.ltiflm1dJVI'U1 bbtl'Ub ~dJ~'Ubt1'U 95% 'lJ€l.:lfl11dJVI'U1bLtl'UVl'l~~ "OJ.:If11'U1tlJVl1~1'i1ijL"v'i'Ue:HI

fI1':iLL'I.i'U~1 bLG'I~fi1fl111J'\II~~1 b~mi1'U.fI1~11 VltJbbii'1.:1.:11bG'l81m"OJVlfhtl'U.fI1~1-5.:1f1'l~dJ11i118 ~(A copper

green compact of 74% density is to be sintered to 95% density. What is the densification

'I"l1'i1iib~€l1'lJ€l.:lfl1'ibLtl'UtK1 = %

r111dJVI~tK1 = %



6. (10 fl:m'U'U) 'illf1.fnV'l flow fI1'aIii'Vl~'U1'ilb~tlf1m'a~i5f11'H:.J~\ilvr.:Ibb6'lVl.:Il'U~'l1~1'U"'1.:Il~tlTItJltJ~.:It:.JG'I'lJtl.:I

U'il~tJ\Jh.:I6'\~.:I6'll~u'il~tJmh.:IG'I~bBtJVl ~tl 'lfhJlrufl1'a~ii\Jl\J\tltJ %1f1~ru::'itl'il':("IJtl.:(;1'U':(l'U bbG'l~IJi'UVI'Uf11'i
I v.

~ii\Jl ~iit:.JG'I\J\tlfl1'ib~tlf1m'a~i5f11'm~\J1 (l-um-crl1 VltJ~.:I'Vl~Vll'Ufl1'atlTItJ1tJ V'l~tl~~.:I1~fl11~'Vl~ltJ'lJtl.:I~V'lvl

~biJ'Um-crlei'.:If1'l-cr~'l1'alf1Dl'UmV'l flow ~1tJ)



7. (5 flZLL'Ll'Ll) ~'Ll~1'LleJ::'jij LUtJ~~~1'Uf11':ier\9l~'U~'I.l~'UVI~~ L~eJ~1'Uf1l'H)Ut:JUf1iifll1~VI'U1LL ,j'UVI~~eJUt:JUf1
~ 3 d , Q..I Q..I 4. I IV 0 ,~

LU'U2.6 g/cm LLj;1::~fl1m1~VI\9I(>l1V1j;1~f11':ieJu{;.J'UmV11f1U8.9% 1i)~fl!1'Ll1tuVl1fl11~VI'Ll1LL'Ll'Ll'IJeJ~'IJ'Ll~1'Ll

QQ tN. 4 ( -==- ••••. c::ri ' •••• .?I 3)
eJZg\lIL'Ll~lI'LlneJ'LleJUe-l'LlnHint: eJ::j;1~L'UtJ~~fll1~VI'U1LL'U'UV1'l~f'ILu'U2.7 g/cm~ ~ ~

I ~ IV d cv ~ Q, 3
m13JVI'U1LL'U'UL':i~~'UfleJ= m~/'jf1U1I'1m'1l'U~L~~':i (g/cm )

8. (5 flZLL'Ll'Ll) .ff'U~eJ'U'lJeJ~f11':iB\9I~'U~'I.l{;.J~1~~(Compaction Stages) L~~(il'U'iJ1f1U':i':i~t:J~1~~j;1~1'ULL~Vl~~

LLj;1::1,xLL':i~B\9Iii'i'l'l~m':i~~1~'l Ln\9l~'U~1~~1~U 'iJ'Um~v(~'i'I'l~m':i~?!\9IVi'1tJ'iJ:: L{j'Uf11':iL~tJ~'I.lLLuumml~

LL~\9I~~~.fl1'i'11,xL~~'i'I'1~m':i~ 1'U'lieJ~'"h~1,x~~\J':iu1

Compaction Stages
rearrangement

'-----i-
plastic deformation

(brittle) A (ductile)------J strain hardening" /



9. (5 fl::~~'U'U) 1'Ufl·H~'U1'Um~"€l'Ue.J'umJ~ltl'\ll:: iifltl1flfmbl'l~"€l'U~ 2 'llij~ FI"€lm~bl'l~"€l'U~\9m.lv1'I.Je11 b~m: m~

bl'l~"€l'I.J~bb'U'Umtl~11.1 1oX"€lTI'U1t1fltl1fl~1~'1 ~b~tl1-U"€l~n'Um~bl'l~"€l'I.J~~~?I"€l~ 'V'l~"€l1.l~~~1tltl:: bBtI~'U"€l~fltl1fl

~~1P\ C1J1'l.Jm~~I'l~"€l'I.J~~~?I"€l~bb'U'U

surface
transport

'NY
VOl

,",
I

bulk :
transport :

I•\
\
\....

"",

10. (5 fl::~~'U'U) 1'I.Jm~~'I.J~'lJ~1t11fi m~U~~'I.J~'lJe.J~1?1~ (PIM) 1'1"€l~i1m~e.J?l1.Ie.J~1?1~~~btJ'l.Jltl'\ll::n'U?l1~g~ bbtl::
'\I 'U, ,

d. l-=lVill "".ell odl.J I 4 ,

?l1~"€l'I.J'1 bbtl:: fl"€l'I.J1)~ b'U1b'U1 ?l1'I.Je.J?ll.I\9l"€l~1.I1'ld11.1'\11'I.J~Vlb'\111.I1::?l1.I"€ltl1 flVl~1'U111'ld11.1'\11'I.J~'U"€l~?l1'I.Je.J?ll.I

~'l.Jn'U"€l::hU1~ ('U"€lfl1.l1mh~,j'"€ltl 3 "€l~1~)



11. (20 fl::bb'U'U) 'iJ~l'G1Ll"l~€J~'Vl~lCJ~n0 ""hu€Jm1~~L'I:i'\.rh~n LL[;l::Ll"l~€J~'Vl~lCJ~\11~ 'Vlihu€Jm1~~hJ

()nlli'€J~ -u€Jl\11~€Ju()nlli'€J~11'12l"l::LL'U'U~€JU~\11~\11[;lU ll"l::LL'U'U ;;;1'Vlfu-u€J~hj~€Ju11'1 0 l"l::LL'U'U~~~'U~\111..x~ ~

n) L~l'v11-Ul'Um'mu~;jn LLtJ~LiJ'U?I€J~tb::L.lWl ~€J L~1~n1'Vl'U\11€Jru'Vlflijv1Ili'€J~m'i LL[;l:: L~lv1, ~
, "

rl1'Vl'U\11B~'i1 m'iL ~~'U'U'lJ€J~€Jru'VlfliJ~€J'V1'\.11CJL1[;l1, ~
'lJ) ~~~ 1li'€J~lhu~i:i~~€Jm1~?l1~1'i() 1'Um'i[;l::m CJ'lJ€J~'lJ€J~LL~~l 'U'lJ€J~L'Vlm LtJ~CJ'\JLVlCJU

'i::'Vl';h~ 'Vl€J~bb\11H'Vl~n LL[;l:: 'Vl€J~LL\11~-V1~?lL~'UL'V'I'i1::'Vl€J~LL\11~[;l::[;llCJ11'1~1'UL'V1~nv'hH

'i:: UU'Vl€J~LL\11H'Vl~n il~ \11'G1TWl"l11~'V1'U1LLoJ'U?I~n11 m'i[;l::m CJV1~?IL~'U1'U'Vl€J~LL\11~'lJ€J~~
'i::uu 'Vl€J~LL\11~-V1~?lL~'U

, ,

l"l) m 'i€JU ~;jm yj?l'lJ€J~L'VlmilV1~ Lyj[;l'lJ€J~LL~~ LL[;l::Lyj?l'lJ€J~L'Vl[;l1 ~~;;; 1A'YVlIli'€J~I"h;j~i:i~ ~€J

'lJ€J~L'Vl[;l1Ili'€J~yj€J~~~1 LiJ'ULL~'UYl~~'\mm::'iJ 1CJ'i€JULyj?l'lJ€J~LL~~ LL[;l::1li'€J~il~~~~ er?lL~n

~) m'i€Ju~;jn~~ b[;l'Vl::'lJ'ij\11L~CJ1n'U?I€J~'lJ'U1\11~?I~n'UL~€J~\11'G11'U'lJ€J~~~'lJ'U1\111'Vl~ L~~'U'U'iJ::

v\11~m'i'Vl\11~1L ~~~'U1'11CJ

'iJ) L~€J~'iJ1'iru1 ~[;lm::'VlU'lJeNm'iB\11 ~€Jm'i€J'U ~;jn 'V'I'U11L~€JtJ~~1ru m'iB\11 L~~'U'U 'G1~~[;l v'h

1~~\11'G11'U'lJ'U1\11'lJ€J~L'tJl"lL~~~'U LL[;l::m'i'Vl\11~1L[;l\11[;l~

u) 1'U~€J'UL~~1li''U'lJ€J~m'i€J'U~;jn'i'V'l'i'U'lJ'U1\111'V1ru€J~n'Uv1LL[;l::()n~~~n'U'lJ€J'ULm'U'li1CJfm~n
'IJ ~ v 'IJ 'IJ

Ln'i'U 1~il'lJ'U1\11 L~n LL[;l::1'U'li1~?I\11Vi'1CJ'lJ€J~n 1'i€J'U~;jn'i'V'l'i'Um'iLLCJ n€J€Jn'iJ1n'lJ€J'ULn'i'U, ~ ,
Lyj€J1..x'V'l"'~~1'U'i1~'lJ€J~'i::'U'U[;l \11[;l~

'lJ) B~'i1m'iLL oJ'U~11'UoU'U~€J'Unm~'lJ€J~m'i€Ju~;jnl'U€J~n'Um'iLL 'V'I~'lJ€J~'li€J~11~1'U~~n€J e"ln~
""1~'iJ1m'V'l'i'U~ ,

'lJ) 1 'UoU'U~€J'Un[;ll~'lJ€J~m'i€Ju~;jn Ln'i'Uilm'i b~~'U t\11CJ'lJ'U1\11LU~CJ'lJ€J~Ln'i'UL~~'U'U~1~

~1 "" •.• 3 3
~ru'Vl.lJ~ 'Um'i€Ju~'Un\11~?I~m'i G = GO + K T

) 1 d d ., •.• metallurgy l~Ili'€J~m'il~Lii\11 shrinkage l'Uru 'U~~?l1'Vln'i'i~'VlLnCJ1'lJ€J~n'U powder

~'U~1'U L~€J~'iJ1nv\11 ~l"l11~ LL~'UcJ1'lJ€J~'lJ'U1\11~'U~1'U[;l\11[;l~

ru) ;;;1'Vlfu~'U~1L 11 l"l11~ L'ii~-U'U'lJ€J~11LI"I'U~?I~n11?1~\11[;l G11'U~1'U'Um1~ L'ii~oii'U~ln11
IV 'IJ 'I 'IJ

~~~'U~~il11Ll"l'U~1 'Vl[;l'iJ1n~'U~1L 111tJeJ~~'U~1'U'U~

12. (10 fl::bL'U'U) oii€JbUU?I

Q, -=-I Q, Q.1 Q, ~ iJ IV cl
n) €Jlim'iU\11 'lJ€J~~'Vl11'VltJ1[;ltJ?I~'lJm'Ul"l'i'U'Vl'i l"l'U 'iJ~'U'U 'lJ€J .

) oQI Q, ~ iJ CLJ.:!II

'lJ I"lru'U\11l"lru::11'11m'i~1'11?1~'il"l'U 'iJ~'U'U 'lJ€J .
QJ ~ .JI.~.::.I Q, Q,?IJ' Q.J odiI ~ I d

l"l) 'Un\"lm~t1·u'Uu'Vl 4 11'11n'i'i~m'i~[;l~u'U 'i'Vl?l 51xxxxxxxxx mlLD'U'i'U'Vl 'lJv~l"Iru::,
il'11m'i~1'11?1~~ ~.v. LL[;l:: i'UVl 'lJv~iI'11m'i~m'i~~~ iI'11m'i~I'11?1~~ ~.€J.

~) L'UtI.Q (2555) l"lru::iI'11m'i~1'11?1~~ ~.v. ilm~l"l'iu'i€J'U tl

'iJ) L~1'VlU1v1~'im'i'lJ€J~ml"li'lJ1v1v\l'Vlih~L~tJ1n'Un'iJm'i~,j'ni'lm~n (yj,j) ~V'iJ~~11 .

'U1~?I fl[;l .

) , 1iI.• I 0 .Q. OJ A (( odiI

U ~. v. tJ€J~1'iJ1n \11vn ~u'i::'iJ1~'Vl11'VltJ1[;ltJ?I~'lJ[;l1'U1"I'i'U'Vl'i I"Iv .

'lJ) f~~'U~~11 m'im::'Vl'i1~i'l m~nfim'il"l'Uil'iJ~'tJ'U ~v .


