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9 a) Briefly explain why ferritie and austenitic steels are not heat treatable. (B marksj

d) Nickel is never udded to high carbon steel, why? (3 marks)

anItRBRANepnYTH9A9**RA****************************************************************** 

2:sketeh the following thermal histories based on Figure 1. (10 marks) 

J Mariannile 9% pearlite S0"% ainite+ 50% spberodite 
549% ausieaite APproach1 Approach artensite

Cuve ot aneukes al 

iure 



Q1 Chooe the right answer or the following: c0x 2 Mas) 
e romended heal treatmeni proce or the hackw B 

Dnealng cNormali.ning d) Nomaliang hardeming 

2The reconmended heat treatment process fer the car y a 

el No ardening B) annealing 
ang arening 

e recommendel heat treatment process for the 1-beaMS SO la building comstrucion z 
aen B) amealing )Nomalizing d) Normaliinghardening 

Hardening Buedi Jor a smoll car 

ardening B) acaling C)o 

The recem

hardening 

The severir ef quenching media frme high ke low can e ranked as follows: 

B1 S% causic soda 20% brine, cold water, aimal oil, wa wter, ol, mm ol, vegr r, insulating aterial or fumace
CS caustic sola, 20s brine, cold water, wam water, mineral oil, animal olt vegrtable ol, air, 

aienat or furnaoe 
D1 5 wine, war. wter, anumal ol, mineral od, vegutabie od, i, 

isulating material or fuma 

D) so ae AVey fast Bjmoderde C slew 

7. The cling rate for ihe preziitaion heat breatmn prces ef Alopper alls l 
AJVeny fast Bmoderte Cle D]so 

allieys ix 

AJAreult of the diatotin in the laenice BIA nosalt of the perfectioem in the luetioe 

CIA esult of Alpha phase fomation
A result of the formation ofa Me-lile eructure

The formi low ef tke gpie ndo a hal Jam a cile om ire is ace knd by 
AJ Adding Mn and Cerium BMo and Cerium CMn and Mo D) Mg and Cerium 

10. Referring e Pigure besides, ihe good deigNE fo avodd shrinkage are 

Aa and d Bja and c Ch andd Db and 



Q2: Rdering to flgure? below fll in the following hlamk: 

17. The micrastructureef ) comsish ef 
a) Ferrite & Pearite b) Ferite & Austenite ) Pearfite d mstenite 4 Psufine k 

1& The microstructureef 2) cosis of; 
a) Ferrite & Pearlite b) Ferrite & Austenite c) Pearite & ustenite dPefids & oa 19 The microstructure of (3) comsisns ef 
a) Fine Pearlite b) Coane Austenite only 

20. The microstrwcture of (4) comsists of 
ajFine Fermite & Fine Pearlite

c) Fine Pearlite & Fine austenite 

c) Fine austenite only 4)Fine seme 

b) Coane Femite dCoarse Aateside
d) Coane Pearite k csrne ceteine

Figure 1 The 800 
complete isothermal 

transformation diagram Eutectoid semgertun 

for an iron-carbon 

alloy of eutectoid 

composition: A. 
austenite; B, bainite; M, 

martensite; P. pearlite
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Q2: Referring to jigure2 below, fill in the following blanks 

17, The microstructure of (1) comsists of 
a) Ferrite & Pearlite b) Ferrite & Austenite c)Pearlite & austenite dy Pearfite Bside 

18. The microstructure of (2) consists of: 
a) Ferrite & Peariite b) Ferrite & Austenite )Pearlite & sustenite )Pearide & sme 

19. The microstructure of (3) consists of: 
a) Fine Pearlite b) Coarse Austenite only c)Fine austenite only d) Pine ssenie 

20. The microstructure of (4) consists of: 

a)Fine Femite & Fine Pearlite
c) Fine Pearlite & Fine austenite 

b) Coarse Ferrite & Coarse Austenite 

d) Coarse Pearlite & coarse cemenise

Figure 1 The 800 
complete isothermal 

Eutectod tempere transformation diagram
for an iron-carbon 700 

alloy of eutectoid 

composition: A, 
austenite B. bainite: M, 

martensite; P, pearlite. 
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Rie 

a) () 11. Referring to Flgure besides, the major segregation effeet is shown in 

AJa 
D] a and b 

(a) 
O 

12. The main distinct welding zons are 

AJWeld metal, HAZ, and Base metal 
B Weld metal, HAZ, and Knife effect in Base metal 

CIWeld metal, and Knife effiect in Base imetal
D] HAZ and Knife etfoct in Base metal 

13. WeldaNlioy ef Plain carbon steel, medium, and High carbon steels are 

AJFair, good, poor respectively B) Good, fair, poor respectively 

Good. p00r, fair respectively D] Good, fair, fair respectively 
14. The microstructure that reulted from the cooling CHrve nal is: 

a) Martensite only 
b) only bainite

) Pearit+ martensite 
d) spherodite 

15. The micrastructure that rsulted from the cooling curve na.2 is: 

a) pearlite +bainite+Martensite 
b) Pearlite-tbainite 

c) Bainite- martersite 
d) Pearlite-Martensiteispherodite 

16. 7he microstructure that reulied Jrom the cooling curve ma3 i: 
a) Martensite -bainite

b) Pearlite-bainite 

c) Pearlit + martensite 
d) pearite + bainite+Martensite 



. Rdering fo Pigure heldn, ihe majer segreraion effect is shovn in 

Dja undb 

AWeld meal, HAZ, and Base med ) Wald mtal, HAZ, and Kite etfest sn Bene a 

CTWeld metal, and Kaife effect in lene imetal Dj HAZ and Kife affect in lase met 

13. eddalio ef Pain carbom sdeel, mediu, nd iek carbes steelt ane 

B] Oood, fair,poor pective) 
CIGeod. poot, fair spectvet DI Conl fair, fair enpectively 

a) Ntartena bj onty b 

15. The mrsrctur hat pand pru e codng cowrw M2 i 

al peartine haniteMarte 
amie 

)ainte- tartemaite d ualte Mahemeherodils 

6, 7he miorosirucnare that resalbed frams the oevdling cMre i 

Marte h Pariebalinita 

d) peurtile hanitetartenait 



The csting should coot 

matter

B Aner the riser Cwith dhe sane zrate as riser

A) lefre ithe rise 

Theformation of the gruphite ino a bal fornnt in ducsiler cust iron a aconpe y 

Mo and Cerias CJMo and Mo DI Mg and Cerium 

A Adding Mn and Cerism 

9Referring Figure besides, the gooil desigms fo aveid shrinkiae are 

Ap und d Ba and e Ch and d Db ande 

eferriRg ure besidles, tne ajor segregall CUext 18 s 

Djaand

l The aln istincEeeligzane ar 

AWald metal., H8Z, and 1haie metaf BJ Weld nietal, HAZ, and Knife effect in Base metal 

CIWekl metsl, and Kaile eflect in Base metal DHAZ and Kaife efflect in Base enetal

2 Weldabaty of Plaiw ourhon dedl, aneltum, at f1egh carhor 5ieels are 

AFat po Ppr tepeclnt B) Giod, faic poor rospetivey 
Cond poor, tair epectively DjGood, fair. fir respectivel 

9 Segent a method af grting a mixture of 257- Pearite. So Bainite & So% Martensite in an 
extecton seed. lestrate with a sketech

ABET gesion (C)15 ark 



3ure2 below shows a continuous cooling (CCT) cune ofstet 

cture of this alloy after cooling by following: 

Curve No.l will be,..laN.ASI a.k. 
Curve No2 will be...wm...a.. 

Curve No3 will be..AAY

) nrye NO.4 will be.. X.AL..ank..av- 
) Curve No.5 will be.. A D.IANE 
D Curve No.6 will be..SREYDA.: 

rone four er Cies 

Figure2



Q3: The figure2 below shows a continuous cooling (CCT) eurve of N- steel allay. 1he 

mierostructure of this alloy after cooling by following: (I8 Pmarks)

a) Curve Nol willbe. .knaeMs tfe 
by Curve No.2 will be. affhita.marfths tt 
e) Curve No.3 will be,... n| ***** 

d) Curve No.4 will be...p.t 4 .. 

e) CurveNo.5 will be...Lgk.a.t..fm..l d hitt 
D Curve No.6 will be....on te 

Figure2 

04: Cold working of aluminum is often done immediately after solution heat treatment 

and before aging begins. Do you agree with this expression? Why? (4 marks) 

******************** 97898FE8

********* 



a2: Low carbon steel is heat treated by normalzing for machining purposes. Do 

(4 marks) you agree with this expression? Why? 

wwwi 

(8 marks)

Q3:Sketch the microstructure related to the mechanisms in annealing stages,

which are shownbeloW

6 
Annealingrternpu oo 

6 00 ensle strength

4 00 
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Cold worked

percmn 

Microstructure 



S6a1e eether the foliowing statemeat are trwe er labe 

Coalo bnd has the smalest bonding egrgrcompurng iwith oher typesof fomlf

he sodnon tu detide that we havca tine grainet sructee i whn fhe gnbee of arse 38inf)

ioty anteredatragonal cgstalstructare is when abe ant hax n the vene ) 

The (initaion of the phase dagan tor hest tcatet ppoies 1h Ahat 4 hes h s ini effet of 

oing rle 
The dieae betoees the tap and the guenched end in Joaniny enl qvienih test is 34 tm 

Te senty if qoenching medis from high to low can be nkol a tlohs eotie ends, hs fene 
sold walr, wir water, tnimal oil, mineral oil, vegetabie ot, air alating naertalo firie ( 

ho te right answer far the follom ing 

The decendiag order of strengsh Nased on meicrotrwcure i 

A Maritssphridiec, fee pealie b Tind peailile, pheroiie, aisiae

Tateits, boinite, fiae pesthde d] Spherodine, Tartonsie natenine

fhe aonerof the TTT diagram in for an allay at ihe tore tne line, 

AIR wt bw eaey ti harden it 1tis inpoeiheto hankeo i 

Cje is dfilult to harden DISpecial furnkce is nzeiled to hards it 

he Mu iengprure on the 777 altagrae s a fancion of carbu cnnt a otlevs 

A] The hugher 1he SsC, the fhigher the Ms tenperature 

he Aigher the THc, the fower the ME emperalture 

C There is to change in Ms temperaure 

DThere is a sight change in Ms semperatune 

AThe colieg nate for the soludion hest treutment pracis of Alopper atleys it 

AJVeny BJoderate Cslo o matler
The codling nate or the preogpitatioe hear treutoment proces of Al-opper alloy
AVey fast Bmioderate Cj slow D no matre 

Fhe ereing mcansm in A-Ca alloys n 

MAeakfhe ditoinipn m the fatiee A reah of the perfection i ie fatiee At o Nphe phane fonatine
DIARli of ihe lomnatin e 



4Sappose that you have a crack in a piece of plain carbos steel. How can you decide whether it is cause 

thy a heat treatinent? 

ABET question (E)) (5 Marks)

(4 Mariks) 
Q5Referring te the figure below, Jill in the Jolowing blanks: 

and Peaaadp

2 The microstructure of (2) comststs otirses 

3Tbe microstructird of (3) ComslS enat 

4The miorostructure of ( oos Deerresasnrrne s 



Q8 What are the main steps to producemalleable cast iron from white cast iroe? r5 murky

() Hraig and 0cting heant. b ttaaioere 

14 mrA 



Q1 sChoose the right answer for the following O9 X 2 Ma 
1. The recomended hear ireatmnt procns er the hacksaw

Hardening B)annealing c) Normalizing d) Nomalicing ardening

2 The recommended heat ireatment proo a) Hardening B) annesling ) Normaltnng d oad 

The recemmended heat treatment procens for the 1-bea ed in ailding constracdin i 

ardening 8)oealing ) Normalng d omlining hadenng

The recommended heat treitment prcs for the Drive haf-ah for a sma car a 

)Hardening B)annealing Nomalizing 6) Normalinng haeng 

c d, 2 ine, eokd wr, wam wer, animal eil, mineral oil, vegtle o, si, 

s) 5%causic soda, 20s beine, eold wter, animal oil, warm wer, mal l, merd on ur 

alir, inseulating aterial oe furae 
5 caustic soda, 204 brine, cold water, wam wr, minerl ol. smimai ol, aie , 

D) 5c wine, warn water, animal oi, mineral ol, vegmaie oil, wr 
ineterial or fiurmace 

The conding rute Jor 1he sodaTion eat trestment prncess ef Alcepper alloys

A]Very fast Bjmoderali CJskow 

Thecoling rate Jor the precptation het reatienprocess of Al-copper aleys is 

A]Very fast Bjmoderate slo D) so mater 

.The overaging 
mechantsm in AFCu alloys is: 

B)A result of the perfections in the latics 

AJA result of the distortion in the latice 

DJ A reult of the formation of a Mo-like structa 

CJA result of Alpha phase fomatio

The formation of the graphise into a ball form in ducdile cant irom ih accompdished by 

CIMa and Mo DI Mg and Ceriuam 

BJ Mo and Cerium 

A] Adding Mn and Cerium 

10. Referring to Figure besides, the good desigmm to anvwoid shrinkage are 

b and c 
BJa and c 

Cp and d 
AJa and d 



tats w kethcr the follow iog statesent are true or thbe 

Cale buod has the simellest bonding cngrsy somparing iwit oher per af odh ) 

Jhe putdition to decide thut we have a fine grainea stretire is whon he gnberaf joins uoly ) 

Boly cerod ictragonal crystal structure s whien aby an has 0 fo the tenre f) 

Te linitatio of the phase diagram tor beal treatment purpones ta hat de f hw ihe etel uf 

he iance between thie tap and the quenched end n ominyend qejilhosil 24 
he sevrity of quenching media fhoom high to low ca be ankeil ax olhowe enuat a, 299o rine,

sld walcr,warn water, animal oil, mineral oil, vegetable oil, a, ailainghitertafof n e 1 

24 Ntarkal24Ckose tlie rigit aBwer for the followiug: 

descending order of 50engin bseid on crstrucure 

bI fome peartie, phornfe, hamieAF Matoite, wphrodita, tine peullie 

CYTenite, beinifie, fine perlite 1 Sphorote, Tmarinsi, maitonite 

he nose of the PTT Aiagram is for an key at the sere tne line, 

A wouid be casy to arden it Bitis lnpenible to harken 4 

is dimiout to hardenit DISpeial furmace is ngeded to harden i 
The Mi temprutue on the TUT aiugrum afunctisn of curhon comtent ax follow 

AJ Phe bigher the 90,the higher the Ms temperature 

Hhe ighior thie %, thie lower tho Mstemperture 

CFTheteia no chiunge in Ms temperatare 

D There is a slight huige in Ms temperutune

4The coling vati for the sofulion heat treatmeni process of Aleoppee alleys ix 

AlVery ta B]moderate Calbw D no mater 

Fhe ceoling nate jar the precipitation heat freatment process of Al-copper alles i 

A]Vey tast Bjmoderate C] slew D no malier
The oneragng mechanism bn Al-Cn nlloys 18 

Ael ofthe dhisontion in ihe jornice BI Atesih of the perteonion iw the lae Aelt of Nipha phasu fonmutin
DAlt of ihe Fome 



( Mrke) 
91 5tale wbetier fhe folowing

statement are true or fabe 

Covalo bond has the sinallest bonding engrgy conparing wih oher per af hom 

Jhe podition to decide tihut we lhavc a fine grained strwtre i when he nmber f aree A ly ) 

ody cntcrod tettagonal crystal structure is when a b/e nd has a alom in the eene) 

The liitatios of the phase diagras for heal trcalhent purgois f that 4 dhe how the erfef

The ditancc beteeen the tap and the quenched end in Jominy end qenih est h 29 
he sevonity of quemching media from high to low ca be rankesf as folhiwa h fi bofa, brine 

aold walz, wam wader, animal oll, mincral oil, vegetable ofl, an, alalingatetalW fae 

tarks)iC hose ths right answer for the following: 

Fhe deacending order of strengrk hased on amicrostructure i 

A] Martraite, pberodite, fine poarlite Dhe peartie, splherile, talnte 

cT martenait, bsinite, fine pearlite d SpheroditR arsenite nite 

fthe nose of the 7TT diagrum is for a aley at the ero tine line 

Al would be eay to harden it B)it is imposible to flankn it 

Cj is diffioult to hardenit DISpecial fumsce is ineeded to havden it 

The Mr temgeruure on the 7u7 dagraut s a function of oaurbon ctent os Jodhoww

A] The higher the iC, the higher the Ms temperature 

Bhe higher the 10, the lower the Ms teniperature 

CThere is mo hange in Ms temperaiure 

D here is a slight change in Ms temperature 

Fhe coing rate for the solution heut treutment process of Al-copper alleys is 

AVeny fast BJmoderate C)slow D io matter 

Fhe coling rate for the precipitation heat treutment process of Al-copper allops is 

A]Vey ast Bnoderate C) slow D) no matter 

Taeoveraging mechanism in Al-Cu alloys is 
AAell fthe distortion in ihe latice B) Aresilh of the perloeton a the lRe FAtt of Apha phase formution 

DAulf ihe lomvationof a Aulita 



Q1 Choose the right answer for the following oSX2Ma
1. The recommended hear treatunt procns for the hacksaw i 

Hardening B)annealing c) Normalizing d) Nomalcring hardening 

The recommended heat reatment process for the car body k 

)Hardening B) annesling ) Nomalining d) Nermalizing hardeming 

he recendelhea treatetprocesfor the 1-beum ed in ildng runsra 
)Hardening B ealing ) Somalnng d Somalining hardenng 

4 The recommended heut treutmenpro fo the Drie halfaht J l 

arderting B aeal o 
he severigqunching media Jrum bigh so low can be ranked s fadlews

A cat oda, 20/ ine, cod waer, wom waler, an ,mnaral oal, veg 
, 

maeral oe furmace

B] 5% cauic soda, 20% beine, cold wer, animal oil, wam woter, aial o, mierd o, vegnle , 

CI 5% caustic soda, 20% brine, cold water, wam water, mineral ol., animl oll, ngnaie s,a 

insulating material or furmace
D) 5% caustic soda cold water 207s brine, warm waber, snimal ol, mineralo, vepnas 

n 
alerial or farmac 

The conling rate Jor the solutionheat trestment procesof Al-ceppor alegs ls. 
A]Very fast Bmoderate Cslow 

7The cooling rate Jor the precptation het ireatmientprocss of Aloopper alays ia 

D) so matier 
A]Very fast Bmoderate Cslow 

The overoging mechanism in AL-Cu alloys is: 

6) A reualt of the perfection in the latice

AJA result of the distortion in the latioe

DJ A reultof the formation of a Me-lie sructa 

CJA result of Alpha phase fommation 

9. Theformmation of the grsphile into a ball Jorm in ductile cast iron is accomplished by 

B] Mo and Cerium CJM and Mo Dj Mg and Cerisam

AJ Adding Mn and Ceriumm 

10. Referring to Figure besides, the good desigm to awid shrinkage are 

Djh and c Cjo and d 
AJa anid d 

Bja and c 



third eXam i- 
The phose digam deegnt show the fP«ct ot cooli ng te The distance bet ween the top and the qunchad ead (2S om streagth bsed on microstruefure : T-matess,te bainite, ne pearlike

1 the nose of the TTT diqram is Por m allo t the zero tine its imppos,ble 
to harden i. 

he higher .C 
.The casting should cool befor the cise, 

(2.S mm nchad Sad 

ine its imppos,ble the louder Ms fempretufe. 
2spearlite So' ainite so', martms,te 

s,Bind,SoM 



ist eXqm 

Bepla etin hy Peite nd Austeaite are no heat teetble

2 
sol: Fer, te andJ Adie steels «re o heat treatbgesnee hat trea tWe is Faken to mean 

Thar marten site may be made Form h relative eAse upor unchirg astnite from 

eleuated tenprekure 
heatina austeni te to make asite is not pasble fo be raforhe

:Nicke) is never sdded to high carbon sheel 
Sol becate nicke have av l«rge aon and oju Kt iaterskiki wh Car bon 

and it has -phicig inf/uen<e on cm. 

:Cold werhrg of Almigum is often done imnediaty afler seluion heat treatmgt 

sol: nd before ging begins? Oogo ee 

Rsha are the main sleps t produce mell'kble cst iron From white Cast iron 

c mere machirahle and less hardness and aing U ncfecs he 

hardness oP he A - alloy 
sol: heat to abou 3oof (ql) 2 hol dt thes temp For about Shrs. 3. slo coo to boa 130 f Jo1 <) 1. hold For Is hrs. S. ai Ceol to rco n tep. 

Por s hrs. 

fusion weldrg Process tat e har tooin a setue er noe atsals be 

Salo st<te weldiA melfiq doesí tapp*n no l is sdd©" 

hboth elk the P;ler netal ( braze op solder) 

*He diReae is te Fepreture 
athiehecch 

pfocess Fakes plce 

PRpir and slderg means 



GA Eexrihie ol Ansttaibicsnoe at het rale, sice 
Pac ibeccdlotit Pa ain aashenibis ba 

aken 
miie be de 

an lewatea tp 

gh.cnetemoktmrtcasikei be psaile
e baes.faCmd 

B) becauseitkel baueautageamdiat 
inkscstikialih ban d inactfasitzpraJdn hitk Yedlaticcn_camts id 

weddabilih 

C lae ttsike 5eZ haisitr 5oetasire 
lpenelike tbainhtmtesite bsiate 

prallieba~aiBe spharaclite

u) yes gree becase it bemer edhissble_ma 
ltss hecdnass hen eingiinertse e herzlntss 
fhAL ly 

kak to abeut 1700 927 'C). 
helol k hi tmp far ebet 15 hes-ia Lr d 

ifnCobide tusbiaite3raphik-
lae_eee ta abauk 13ee'F (fo OL 

9kald te- 5 hes- 
g) Aav ceel re 



r- bed has ke smles
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Cold 
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4heTTT 
dvam is For awallo a * 
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MS 

emYYeave 

+he cosli- yate for 4he solutie keat 
tWerme- Pro 

Al-copPer 
allojs 1s A: vev ast 

bhe 
Cacliu

ate For he 
PreciP+ao 

kett Averetme

ot 
A1-coPPey 

alJ 1 
DE No ma Her 

he 
avevaj 

mechais i Al-cu alle}s is 

A vesut o e v mio o AL-C 



he caski shou ld coeLt- 

A: Gekove e visev 
e Formukion o 4he Arapile o a loall ve 

ductile cast iYOws acomplisked w- 

D M o Ceri4 

Yeeri to e besdes, e joed dess 
avosd shti Ko ae 

C: e ad 

veervi to uie besides, Ahe alpY SYeio

B:b 
4he dictinctweldi 2eves ave 
A:we 4 melat, HA.od Case met 

(weddanbiliP o pn cavbem seel mediu od Car loo seer aYe 2- 

Good Sar, Posr ver fackiuel
suert od o d mxse 251. Pere Raiute 5o 

5 arletite aeut ec ted seeL, ilucdste wih skekch 

(5 1So 7. 
Sa oatie



second eXàm 

hc recomnend heat treatment pfoces for he hack saist Hard sig 
2 i 

( 

n1I-beams in b«ildingi Annealira 
tOrve half -daf Por a snall car: fqenlipq

3-i 

to 

Hurd alr�8 he 5EMy fqench medin Prem hish to \ow Car be rmkd as folows Cashc soda, 20 .ne, cold oater, usarn a te ,minsal oil ,arinal oilvega tibe o y 
air, insul a matenl or Puyaance. 6- Codlig rae for the coluton heat kye thot pfoces of Al-copp is :e st 7. Coclirgmte or the porciAakon heat trmtyent ptocess A- Coppesi no a te 

8 

Formtior f the gmphite into aba Form indele east iron M and Casriun.ouegino mechanism in Al- Cu lloy isi estisEkorit 
O. aeid shrikage 

loy isi adisertnottelTtice 

a b ard c 

Ye 

. Maor segregaten T 
(a 

12- Mino sreition

11. Weldbilik of-Pataut qlays plain car bop seel 3 cdium Ccarlbon steei E 

High car bon steel: pooran alloy steel i¥air High log stel 2ocd 

stanless steeii weldsble cas iren Vaed weldabili t 

ir 
13 My nd invcre segragin
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