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1. "lJv~vUll'VI.:l'VIll~3 parts (f1~bb'U'Ub~lI150 f1~bb'U'U)

Part I 38 ;Iv 126 f1~bb'U'U

Part II 15 ;Iv 15 f1~bb'U'U

Part III 9 -Vv 9 f1~bb'U'U

2. v'4qj1\Pll~'I11m~~1'\i A4 ~:ij\Pl~1~~1~iiv~1bv.:lb-V1~v.:l~vul~ bb~~~.:I~~vll
~
"lJv~vU

3. 13iv'4qj1\Pll~vll~'l.Jmw~1.:1BJ:ij1myjv'Ul'U~v.:l~vU

o ~
Part I: \?lel'Ufl1Cl111fl'U~ (126 fl~bb'U'U)

1. (2 fI:m'U'U) ~\PltJ~~?l-:lf1'1.lB-:lm'fVhProcess annealing ~B .



2. (2 fl~bb'U'U)m'jvl1 process annealing ii1~m'j'Vh~\l'd 1.x~ru'V!.fJ~nUbVl~fl~~ru'V!.fJ~

'lb~~lru 0C bb'lib'V!~fll1~~ru'V!.fJ~.Q~'Uml~~eJ'Ubb~m~~1~~1~wn'U

'V!~\I~lmlwJciew 1.xb'V!~m~'U~16'l\loiJl1

3. (2 fl~bb'U'U)~~'\.h~6'l..:lfi'1JeJ..:Im'jv'ilstress relief annealing ~eJ .,

4. (5 fl~bb'U'U)~lm'V'J6'l1~eJ~bbm~'1JeJ\lb'V!~fl~nl'V!'U~1.x1.xbb'H-:llbb6'l~\lU1nruvtt .x~ru'V!.lJ~'1JeJ\lm'j

eJU'1JU~\I5 eJ~l\1~eJ1u.Q,
fl) Full annealing

'1J) Process annealing

fl) Normalizing

\I) Spheroiding

1il) Hardening

Auslenhte
leuooulile
and
cementite

Austenite '

5. (2 fl:m'U'U) b'V!~fl~~l'Um'j'1JUbb~\I ~~bn~fl11~bfl~~~;'U.fl1~1'U b~eJ\I~lflm'jb~'U~1b~1~,
eJru'V!.n~6'l\lv'il1.xiiml~bb~\l6'l\l bb~'1Jl~fl11~b'V!-U~1hi'Vl'U~mb'j\lm~bb'Vlfl m~iim'ju~\leJ 'V!~eJ
'I cu \I \I

II 111 OJ ~ cv ~!J .q II 0 I

bb~ml1'1Jru~ '1J..:Il'U~\I'U'U'V!6'l\lm'j~Ubb'1J\lbbm~\I~eJ\I'Ul~leJU (l.xUeJfl~eJ

m~U1'Um'j'Vll\1fl11~~eJ'U) b~eJflm~ml~bfl~~~ fleJ'U'I111'tJ1oiJ\ll'U~1\1



6. (4 fl:::bb'l.J'U)flTjvh Spheroidising anneal G'fl~1';jtlvh1~ 215~bb\Plfl~1-:ln'l.l1~eJ6'U1CJfl1';jvh

~-:lG'feJ-:l15'V'l~eJml~';j'thJ';j:::fleJ'lJ
'U

7. (6 fl:::bb'l.l'l.l) fl1';j'IJ'lJbb~-:l(Hardenino) bVl~flfl~l i11\Plmh:::G'f-:lfi\~m~~fldl~bb~-:l bb~:::'Vl'l.l~eJfl1';j• ::> •

b~CJ~~ 1~fl';j-:lG'f~1-:lG'f~.yhm-u'l.l martensite Vl~eJ bainite 1~CJ~fldl~bb~-:l'1JeJ-:lbVl~fl~~1'l.lfl1';j•
"lJ'lJbb~-:l~'l.ln'lJeJ-:lfhh:::fleJ'lJ 3 'th:::fl1';j ~eJeJ:::hUl-:l bb~:::i1';jlCJ~:::bBCJ~'1JeJ-:lbb~~:::eJ-:lfhh:::fleJ'lJ

eJ:::hUl-:l



8. (6 fl~bb'U'U)"il1m'lJbb?f~'1fll1~G1~~'Uih~Vl'hHlm1'Ufll'~1,xfl';n~~€l'U bb~~€lruVl.fli1 ~'1i1fl1'jbb1J'I
'IJ ' 'IJ

a(9l'j1fl1'j1,xfll1~~€l'UH 3 'j~~\.J ~€l'j~~'U€l~bU1'1 ('j'lJ a, b, bb~~ c) bb~~~am1fl1'j1,xm1~
'IJ

~€l'Ubb~~~'j~~'U bVlm~?f~ n'U~'U'I1'U~ fl'\~ru~€l~I'll 'j

b
Heatif1§ttm~

9. (6 fl~bb'U'U)1,xb'lJ1C1'UbViCl'Ufl1'j"ll'Ubb~'1bb'U'UAustempering bb~~ Martempering

'j1 CIfl1'jb 'lJ1C1'UbViC1'U Austempering Martempering

'j'lJ~1'1~fl'\~ru~~'U'I1'U~
'IJ

.., ~
bVl~l~?f~fl'Ufl1'j"ll'U bb'IJ'I,

v ~ ..,
bb?f~'1b?f'UVl1'1fl1'j bCl'U(9l1

'lJm~l bb~~bbfl'Uflm'l

"
~'U'I1'U'U'U TTT diagram

lfl'j'l?f~1'1?f~~1C1~1~,
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10. (2 ~:::bb'U'U)m1~i5 surface hardening bbU\I€l€lmU'U 2 i5fl11 ~€l

1~b~~?l~fl11oU1\1~1\11 ~?l~'lnru
'lJ

BaC03 -7 + CO2

CO2 + C -72CO

2CO + Fe -7 + CO2

~1~'U€l'U1'U?l~fl11~ (2) ~1'iJ1 flt'Vl'U .

d 'JJ 3 Q.J

b'Vl~flfl~1'1J'U fl'U .

14 (2 ) L' 'd b" "'•.. "" cO ,. ~:::bb'U'U IqUi car unzlng ~'iJfl€lfl'1Jm1 .

15. (2 ~:::bb'U'U)1'Um:::U"J'Ufl11 Gas carburizing 1oU'bbn6'l€l:::hu1\1b~mu'Ubb'Vl~\I1 ~€l:::(11€l~'1J€l\l

~1{'U€l'U ~'iJ:::bbYdboU11'lJ1'UbiYm'Vl~fl1~(11€l'U~12 '1Jij(;l

16. (2 ~:::bb'U'U)1'Um:::'Ul'Ufl11 Vacuum Carburizing bbU\lbU'U2 ~'U(11€l'U~€l€l:::hU1\1
" ,

'ii''U(11€l'UVi1 .
" ,

'ii''U(11€l'UVi2 .

~
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19. (2 f1::;bb'U'U)vhhJm::;'Ul'Ufll'wh cyaniding \(j'lbu'Um::;'Ul'Ufl1'j~~~€l~1'ULJ'j::;b[l'Vl1offbd"mrmJ

(less time consuming)

b'V'j'j1::;11 bbrl::;

20. (6 f1~bb'U'U)bLJ~CJ'UbViCJ'Um::;'Ul'Ufl1'j'll'U~lbb~'l'j~'VI11'l cyaniding bbrl::;carbonitriding 1'U

~1'U'1J€l'l6Hn'U::;'1J€l'lfl1~'U€l'Ubbrl::;1'Uhm'OJ'U ('1J€l'lbb~'l '1J€l'lb'VIm 'VI~mbn6'l) 'lil'l~ru'VI3J~m off

m1~~fl'1J€l'l~lbb~'lm~ bbrl::;~'U1

21. (3 f1::;bb'U'U)1-M'U€lfll~~LJ'j::;6'l'lf'l'1J€l'lfl1'jv1'1 post carburizing heat treatment

22. (2 f1::;bb'U'U)m::;'Ul'Ufl1'j carbonitriding b'VI~1::;611'V1-r'Ufl1'jLJ-r'ULJ'j'l6'l~~~1'Um1~~h'U'Vl1'U,
191€Ifl1'j~ fl'VI'j€l'1J€I'1b'VI~flflcK1LJ'j::; b[l'Vl1~

23. (2 f1::;bb'U'U)m::;'Ul'Ufl1'j carbonitriding ~off€l~fll1m::;'Ul'Ufl1'j carburizing €l~1'lhU1'l



24. (4 r1~bb'U'U)'lJ~1J1ru'lJeJ-:lbbn6'lhydrocarbon vj'Wl1.Jm~'U'J'Ufl11 vacuum carburizing

;ff'UeJ~n'UeJ~b1J1\1 'UeJmJ1 4 eJ~1\1
'U

a) .

b) .

c) .

d) .

25. (2 r1~bb'U'U)1'Um~'U'J'Ufl11Vh Nitriding 'U'U~'JbVl~nn~1 'lJn~~fl111i'lMl'lJD\?l1\?ltJ\?lV('U'U~bJru

~ Ii.' ~ ~
VIb1J\11eJ-:lfl11l:-J'Jbb'lJ-:l .

1) .

2)

3)

27. (2 r1~bb'U'U)m~'U'J'Ufl11vh Salt Bath Nitrocarburizing ~ salt bath 2 'lJ1~b.nVl ~eJeJ~b1J1-:l

29. (2 r1~bb'U'U)fl11vh boronizing process D(J1J1..h1'lJ'lJ1~~n\111i'1'U-:l1'U'lJ1~b.nVl1\?l'UeJfl1J1 2

'lJ1~b.nVl

32. (2 points) What are the two stages of age hardening of aluminum alloys?

...........................................................................and .



33. (2 f1~bb'U'U) m"j:W16'Vll-:Jml:w~tl'U~m~vh~er~~~i1biimJ ~vhlVfbb~-:JlmJf11"ju:w (Age

hardening) b~CJf)Bf)tl~1-:Jl1 , ,

1) .

2)
3)
4)

35. (3 fl~bb'W'W) In induction hardening, the degree of current flow on the outer

surface of the component depends on

1) .

2) .

3) .

Alloy No. Aluminum wrought alloys (major alloying element)

2xxx
3xxx
6xxx
7xxx

37. (2 f1~bb'U'U) what are the objectives of heat treatment of titanium and titanium

alloys?

38. (20 f1~bb'U'U) 1Vf,rf)Pim~l6'l"jtJ b'Vlf1tJf1f11"j'1l'U~dbb~-:J~l'v'l~'U bv!~f)mi'l"'-:J 1'Ul'll"jl-:J~nl'VI'U\?ll m\?lCJ, ,
"'-:J"jlCJ"'~bBCJ\?ll'U~ditl~tll tJ.Q b'Ii'U lh~b.ll'Vl'(Jtl-:Jb'Vlf1tJf1f11"j'1l'U~dbb~-:J tl~l'ltl:w~1 i~lV!~'U b~:W,
bill tJ1 'Ub-d'mV!~m ~m ~:Wf1dl:Wbb~-:J 'lid-:JtlruV!Jl~ffi i ml:W~f)'(Jtl-:J~dbb ~-:J~lJl "j~CJ~bdmf)1"j'1l'U, " ,
~dbb~-:J "j~~'U'(Jtl-:Jf1dl:wbb~-:J~lJl '1ItJ\?l'(Jtl-:JbV!~f)f)~l~bV!:wl~6'l:w itl~ bb",~iml1n\?l'(Jtl-:Jb 'Vlf1tJf1,!'U1





Part II: ;;e:J~e:J'U"n~~ (15 fl~bb'Ll'Ll)••
1m~bfl~eJ-:l'Vl:lJlmln (I) 'Vl'Ul-rreJfl11:lJ~f.ln~eJ-:l bbm~1~bfl~eJ-:l'Vl:lJ1CJ~~(x) '\Il1j'1-rreJfl11:lJ~~~ -rreJ~u u

19leJ'U1~f.ln~eJ-:l1~ 1 fl:::bb'Ll'W-rreJ~l9leJ'U~~1~ -0.5 -rreJm~l9leJ'lJ1~ 0 fl:::bb'W'W
u

...........1 ~11-q'U~~m1i1ml:lJb~11 'Wfl11-q'U~-:l1'Wl9leJ'Wb~:lJ~'Wb~m'jeJ-:ln'Wfl11bn~b 'VJeJTI1vl bb~m1

b~'W~1il11 'Wl9leJ'W~~V11m~eJ1'l~\n~fl11U~~1 bbG'l:::fl11bbl9ln~11-ueJCJ~~~

...........2 ~11"1l'U'l.h~ bflVIJ1 bn~e:Jb'Vl:lJl:::n'U fl11"1l'Ubb~-:l~'W-:ll'W"iJl'W1'W-UeJCJ~1'W~11"1l'U'l.h~ bflVl, , ,

~1~b 'Vl:lJl~n'Ufl11"1l'U bb~-:l1'WeJl9l~1'Vlm1:lJ'lJ'Wl~1'Vlru
" '"

...........3 b'Vl~nn~lt:J~:lJ (alloy steel) ijCJ:lJ-q'Ubb~-:l1'WJ13J'Ll

...........4 b'Vl~nn~lfll~'UeJ'W (carbon steel) ijCJ:lJ'lJ'Ubb~-:l1'WJ1bn~eJ,

........... 5 fl11"1l'IJ~1 bb~-:lbb'IJ'IJ carburizino b'Vl:lJl:::~l'Vl-r'U~'tNl'W'l.h:::bflVlb'Vl~n~lfll~'UeJ'W~-:l,~ u

...........6 m:::'U1'Wfl11 liquid carburizing bU'W~ijCJ:lJ1i:lJln~~~'lJeJ-:l carburizing ~..:l~1:lJ

...........7 Mn bU'WD1~~lAt1!1'W cast aluminium bb~~eN"iJln~tJ~:lJlru1'W wrought aluminium

...........8 n~~'U1'Lln1~ Nitriding 'Vh~'li1-:leJru'VlfliJ 590°C bbG'l:::hji1fl11btJ~CJ'Wb'VJ~mCJ'Vl~-:l'Vh, u

...........9 Cyaniding process is less time consuming because of high heat transfer

coefficient in liquid bath and uniform bath temperature, distortion of

pieces is less

...........10 In Nitrocarburizing process, surface hardenability, wear resistance and

corrosion resistance are better than carburizing process but time required

for heat treatment is longer than that of carburizing

...........11 Carbonitriding is carried out at temperatures substantially higher than

plain nitriding but slightly lower than carburizing and for longer times

...........12 In Nitriding process, the portions not to be nitrided cover by bronze .

...........13 Two Types of salt bath Nitrocarburizing are ammonide and aluminide

...........14 Boronizing applied to any ferrous material but adopted for carbon steels

and tool steels

...........15 The TO process produces a smooth, thick, non-porous layer of extremely

hard tungsten carbide (WC) on the surface of steel.
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