HERTY I o &0 Hses, goig

(XGTAT) (1SO 9001:2015) (ISO/IEC 27001:2013)

SffugifAet for a3 uefaewT

, fRigror g

(Learning Material)

MECHANICAL ENGINEERING MATERIALS
(313317)

LERCIRID I ECARIT

HRT3T - §Usil (fgHTi®) H1eaH

@Ifygife) 9 dasm= oy nfor T 9= uefae)







fRreror gfereT

Learning Material

ABAHA SIS Aefvered
MECHANICAL ENGINEERING
MATERIALS

(313317)

WRTSY-sUil fguTive areny
f¥ife! g e faay snfor Y I3 uefae)

(¥QTI) (1SO 9001:2015) (ISO/IEC 27001:2013)







Z= HERTE U oF et uee

(ETIT) (ISO: RooR:R04) (ISO/IES: R900R-20%3)
YT AR SR, T BT, ¥R, BRETE!, Fi5T (Y6), Hag - ¥00 o4y,
AT 3. 0R3-BIL¥RZW0 / 26

Email : director@msbte.com Web : www.msbte.org.in

PLLUALTS
.
%
o
o
S

G2

U

et TRST 1T B HERTg W3 T TeT0T Healohe UaTadh! STHTHshy Jebidedl STead SHYvard Il .
HROTHHIGT ST G oY Aiel aTR e ATl Ihel HvaTdl, Taveivor 3 Yo HvarE! aud
Tormelt S THezavaT=an AN qUiqut gRTed ST WA ST, T cAeATIIs! ariiaiel a<id HT 5oy
T BT, ThoTAIHe o UG ard Seher UNYT E1d, HHIcHe SHal QR 37T Qe SATcHieeTs
TG Al A1 el T foeR 6 HeaTher Jfures ArgiTe ! Fuard STefel 116 . Ra 39
&1 TSI e STeTell 37 3T ATHIOT ST fore2ai=T e TITefor ST ST STeHR 7 e
e SeTaT ST THS S 91 B Ieet AT SIeehiFIaT HeRTS 59 o Y1107 HeedM Uafae! Trierien
itsreh freromreRdian formetan AXei-gustt fgenftes arermman v S o R033-3R UG SUeTed HEd
Terctet o1 .

UL Jefoeh URU-0%0 URRIS WNder Rewny Weded <d, SO Tt dites
TgTityeR AT TaE f5da o o TuhRART SUTS HE SUATT ST 3T, THd b T SIeTh

TG TOIhT WRIGRICT ATV ST TSR HUATIE! HeRTleT STl o a3 STEATIhiH! ATgING
TS ST & SISl STl cAiTeh ool ATe oIuY s =TS - St SIS Yoo e WU e shetell
Faittiior T Treiet. TR foveRia AT TR YU Ut HERTE T SRR TR I
TATH S FHIU], TS TG AT SUTTeTel U o SEagl i T TR , a1 §ard | 7: g6
e Yl !

SO

T
. 1. 7 fereror Hees, HeE,



EREDINEY

Sr.No Name of Unit Page Nos.

Basics of Engineering Materials

1 IRra st gforieifaT Aefvsrea 1
Steel & Cast Iron

2 e enfor dRe 19
Non-Ferrous Materials & Powder

3 Metallurgy 30
A9-Bg " aed 3for graey Acasit
Non-Metallic Materials & Advanced
Materials

4 A9-He e Aeared 3nfor Tsargs 45
Aefvared
Heat Treatment Processes

5 | gle dede ug 61







Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

Unit 1 Basics of Engineering Materials
IRy sifw SRortefaT wefvaered
P gfumd-1 (Course Outcomes): Gijuq\l*llj%ili 2o d ‘IUT%ITITH? YT g AT
g€ B, (Select suitable material(s) based on desired properties according to application)
Risifa® Rreroma afvoma (Theory Learning Outcomes):
TLO 1.1: Fféy i whies IRama favawor &1, (Interpret the crystal structure of specified
materials)
TLO 1.2: Rciean Irpitan YeaRa-d! slied & arg Wuiau 1. (Identify microstructure of the
given material with justification.)
TLO 1.3: feden g qarl srugrd ufshar Y@faidgs Wy &1, (Explain with sketches the
procedure to prepare a given sample.)
TLO 1.4: fecie Hdra rara Sfor sifdferan siieswan a fa=aiwur &1, ad avd sl a1, (Identify &
Interpret the given equilibrium diagram & reactions with justification.)
TLO 1.5: @g-Te- 3faErer Wiaa fodedr &=t i@ &1 311 avg wWsiexor 4. (Identify the
given fields of steels on Iron carbon diagrams with justification.)
TLO 1.6: feadean uRRICAHYER arg wfurd ufie HasT s arg weisRur @, (Choose a relevant
hardness tester based on the given situation with justification)
Table 1.1

gRoreif¥ wefarem affevur

Materials

k 4

|

h 4

Metals & Alloys Polymers Ceramics Composites
i—‘—l : 4 ¥

v ¥

Ferrous |Nonferrous || Thermoplastics Thermosets Glass Reinforced plastic
Tion Copper : Glass R.C.C.
Aluminium || Polypropylene Epoxy resin Cement || Plywood
Steel Br Nvl Polysters
Cast iron o ylon Clay
Bronze
SRR ACR3IRT avfdR WA TTHIor 378
a) Hed 3for 3@
i) Ty Hed
ii) A--1hy Bed (Sfgffaay, Takrd, di, R, s e am)
b) TR (YA, YHHTH, TeR)
c) Rfrea

d) Haifere Aeiea
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Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

1.2 fopeea Gxa=T, gite da, 3nfor WY «fed- oM Acd ST SR o ueriigsd giie
Il IR G-I: die! Yex HFfdd (BCC), B X Hfadh (FCC), fdhar goamm-d ool
UdS (HCP) UR=AT 319dId. HRUT I W1 ald IR 3iTed, I e du=iiaar
3 Pl e .

Simple Cubic Body Centered Cubic ~ Face Centered Cubic

Hexagonal Close Packed

Fig 1.2.1

AT Aed forved |RaAT

i) diel-Hes FfAPH (BCC) XTI - Siol-dcxs Hod I Jaqd Al Udd 3113
HIRER 3] A (FfSF e JAvHT) MOT Fee o T AU ). TIdH
DRI U] 8T AT FFAT BIR 3!, TS § HI-RARIA 0] 36 e Jaad
RS dhal SdId. arEl HIsife-=H FaR (Coordination Number) 8 31O A ST,
RASTH, 3l T T ERed. IR WA sRiad Hed IrHgd: gTe) 31T oy
Hoad 3 ard, 3T W IRIRE! s Uae Ja-did (close-packed) UTd da ffd At
3T Hodd 3drd.

i) B Je¥s AP (FCO)TITT: By Acs Tgfdd (FCC) Wad 30 FFAT TP
DRG] 10T 4 Traear HAHTT YT Sdrd. T HI-Rad U] g1 FEHT Pl
YT 3, AT § HI-Rad 310] 3TS e oA MG $Ho Sdid. a9, Jal By
g3 3] ARG e JodEad MRS $o Sdd. HRUT 12 3] MRS B S,
M FCC IRA-d1 HI3{ITS-2M A& (Coordination Number) 12 3l FCC IR SRS O
BTl YT U ST, B, Mae, sRisaw, fog, Ros, wiedw afir Rigews.

Maharashtra State Board of Technical Education 2



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

iii) SFINTFE IS Uds (HCP) I¥EHT: HCP IR diF ¥R 3RIId. avedT S1for |araean
TR T UL YDA (hexagonal) TUTd Higd SITdTd SHTOT TTdal S{U] AT b -
ATl UG S dl. R ST Wt TR DRl SR U] 12 UHE s
3] gFe J13T 1/6 DT ANTGH odl, R Glal TR SehAr=Al THY SRTce
TS UHT U NG 1/2 S 3. Td T TR U 19 3] ugol IR1gH
SdTd. HCP TRa-dT S13fifen=M &R (Coordination Number) 12 3fdl. HCP IRTHT HAGH
YTETAT S W= 378 0T T WAREd SEGBUAT Blg! UTgd I&Tex0l Tore aikferad
(Be), HSHTH (Cd), HAREH (Mg), SACHIH (Ti), f3id (zn) 31 RR&IFT#H(z).

a. fp¥e@ WER (Crystal Structure): fhed TR B 99 AR AT Ygrufaeha
U= A uiRlt Teferd airg. g1 sruj=ht Wy wefia fAafid ot femere o= 3.

b. T Al (Space lattice): § WY Telid fogz oft feHzma T ufafAfia #vd. W9
dfeaHeid e fagd FHIgdTerd aTaeRtl SaR 94 [HgaRed 3.

c. gre Jd (Unit Cell): WY dfeaqdia afd T8 TRIGT 8IUIRT 9, ST dRAR
YCHId RIGT il ST, degl Aafid Terifa fohed aaR gial.

: ,fspace
i i i |
OB / i
/ Paas a b Uni { { /

Unit cell Space lattice & unit cell

T dfed 3T gfve Ja aid RoEez™
1.3 HRGPREERR, AP RDIU THNR:
AR REaRR: Heandid e oNfir gt Aisult 8 YeiRaT AarhReaer U sfiedd
STd. Hed ST 3aigd AhReHR § 3 S yadRETeR diRrE 30T TFRRT R
iegd Hd ONd. AT UNd Y U, HREPRCRR WU T[Tl
JeAeiPraT fRTuRt W= 81, AR Hed T Siaioe Hifde, Iamafies 3nfr
gifer ToreH FfEd Hd.
J&aeRiar™ UPR:
@) A HA AP RDT (Optical Microscope)
(b) sadr;Td HRIeh b 1T (Electron Microscope)

(©) TH -1 UId AT RS T (Scanning probe microscope)

Maharashtra State Board of Technical Education 3



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

(d) TFH-Y ATIHRDIY (X- ray microscope)
(e) 5"%%36 I eh T (Inverted microscope)

-Eyepiece

Body Tube
——— Coarse-focusing Knob

Objective Changer-

Objective Lens — -# -
Fixation Clamp ‘.
—
ot

5-Hole Diaphragm Disk— J ‘ s
Mirror ——8™ Q&
B -Base
Fig 1.3.1
3P d ATIH RSB (Optical Microscope)
Trud foraveE, S ufsear, SHce R -
T FrReAAe qéie ow gaifay omed:
1. ST (Sectioning): HIGAT FHIUA Wsﬁ RS RRT S{TPRIET TG U

3.

HIUUITAT Uiha Y- TUIATd. & HRAMT AR aR ERE 813> T Ul dreseil
A AN, Bic fhal Pics 9o WY GREITH W aaRd 96d 81 DT, T aTae
TR ST Hevar Yol dis s SHSTRIE EIel (Bonded Abrasive Wheel) SMIFOT gefed
(Coolant) ATR H& HAERSE He HRO! 8T Faid IqH YATT 315, BRI ATYS g1 Tl
fSwRATHE (Deformation) HH Bl eI?f

ﬂTGﬁ'lT(Mountmg) ARSI TeUTS! HHdd Ueh g sl el ATYRUT: (WIRCH TR
SHfdcIaN) glte H&- Squdrd! Ufdhdr, e Jald Ufhal S &t ASFST (Grinding),
RURIRI 2 B B B R G B | L B 2 S TAS I
(1) TIATBUN JAY GIUITAN.(2) UTSIST ST TIfeIRiTeal ST =l Hei-l TRE

e AT ST HRUATST GF Ugal! 31T
(1) Bl AT (Hot Mounting)
(2) PITs ATIIET (Cold Mounting)
: 3@ (Moulding Materials): Shalgc (Bakelite), fh-ITeId (Phenolic), THiaT
(Epoxies), 3fehiered (Acrylics) 3?\’3”3‘3[
(Grinding): g1 Uichdd JOda | $hod (Scratches) BTG ST, Hlilslldﬂ

Ufhdd U cUTaR HIg- UTefedl UUuR aTuRa SiTdl,

Maharashtra State Board of Technical Education 4



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

RIS 777 9gv (Emery Paper) GTORa STl 81 T YHRAT UTR 3! Sif 3feTRice
(Abrasive) THRT UM S 3RIT HTOT AT AR Y B [cdd HRUARIST el
EIGI

4. TTFIRRAT (Polishing): IRV IE=1 TEUTS! AHRITHIT 30T TR Gxe™ HTeied
THAFTAT R HR0T S0 QU] [STe1d, SRANIRE] aHHGR gHIT fHaqul,
IR UPTR:
(a) Y% TR (Rough Polishing)
(b) WIS IR (Fine Polishing)

5, %(Etchung)%wmaﬁamwmﬁméﬁn
TSl (Etching Reagent) SUTRT & dralail Uichdl. TSN YA S-egc TR
(Dilute Acid) fdhaT 3feshellol (Alkalies) AR STdrd, o Grofl, sfeigid fdhar gar
HIUATe! FIquHed fHRIed STdTd.

HEURERIE R CarE LI AT
(a) QTS (Swabbing)

(b) dsd- aut (Immersion)
ST qTUR T ST ST TSTedl YhR g1 HHdaR ST SR,
s9¢d UBR(Types of Etchant)

1) 3T 9 Waardl (For Iron & Steel):
(a) $Hed AATG: AT (Nital)(3eDIgId + ARfCH 3MTH)
refesds TS (Nitric Acid) :2d 5 ..
YT fdhal frUTad SiedIgidi(Ethyl or methyl Alcohol) :100 T,
(b) e ATa: fUHdA(Picral)(3cPigid + Uhid )
Ui TRIE (Picric Acid) :4 U9
YA fdhar fumaa siedigId(Ethyl or methyl Alcohol) :100 .
(© @Cﬂ[ ﬂt{\_rr? (Stead’s Reagent):
W Gﬁﬁﬂé@f(Cupric Chloride) :5 uq
Pl ot a?ﬁ?'lg_S(l\/lagnesium Chloride) :4 uq
TASIFNNG YRS (Hydrochloric Acid) :1 fi e,
f&fiees urofi(Distilled Water) :20 f.af.
YA 3fehigId(Ethyl Alcohol) :100 1.,
2) o Wl (For Stainless Steel):
(a) 'ﬂ?‘lﬂv‘ﬂﬂ% ﬁ'QTrI? (Murakami’s Reagent):
Ui BRATIATSS (Potassium ferricyanide) :10 UH
tﬁ'c.’vﬁrﬁl'ﬁ[_E!TEI@J'CI%IT&}_GI(Potassium hydroxide) :10 uq
f&feee urofi(Distilled Water) :100 ..
(b) e ﬁ'QTrI? (Marbles reagent):
PHITR FlFaTC’(Copper Sulphate) :4 uq
SASIFANG YRS (Hydrochloric acid) :20 fi.afl,
fSfees aroft (Distilled Water) :20 T,

Maharashtra State Board of Technical Education 5
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3) SAYAfTaH T ™A SATIATST (For Aluminium and its Alloy):
W'ﬁ@? (Kellersetch reagent):
TASIHAING URTS (Hydrofluoric Acid) :20 .,
eASIFNNG YRS (Hydrochloric Acid) :10 T,
TR (Glycerin) :30 f&.
4) dqid 9 AT SATaHTS ! (For Copper and its alloy):
BR® W"]TI'{G’ '\ﬁ'Q\_rl? (Ferric Chloride reagent):
BR® FARSS (Ferric Chloride) :5 ¥H
BASIFNNG YRS (Hydrochloric acid) :10 &<,
f&fees aruii(Distilled Water) :100 3.,

1.4 Beea Wifaw Turent snfor aifie urent : waren IR iftrdsemendt ara geRema
fasTarardt @ Wifde oY SUE 90 Sawad Sd. Hifde e S SydTd o
A3 3w 7 Feard UredT AdTd. Wil et T Hifde Ture faa smea.

i) SR (Density): TET HeRa3radt @'ﬁl‘c&@lﬁﬂﬂ(mass) R ?E[ﬁ? O_E’W(volume). g
HARI(mass) 3T BIGGH(volume) THTUNH e B> STdl.

i) TRIBIP AR (Specific Gravity): WRIHIH Jlgc! U AR sficd Thl
X AR SRR sRide JHmur.

iii) T I SHRER (State Change Temperature): UG ATHH S ST ATHHTER
AeRerd 81 Ut fRUdIqT gu=a1 fudid seoal.

iv) BISBIRNTE 3T YHS THIUIRH (Coefficient of Thermal Expansion): HeR3Id
AMUASATAR AT TRERUT Bld, AT T HTHRAM SGod. HeR3{er=dl diaHdle ¥R T
TRRUT GRIGUIRT T[0T 0TSl IS IRIIE 31 YH® URTHIRI.

v) WA ® gte (Specific Heat): HIUTATG! He R 3ITeAT Udhd aegHM dIaHA 2°C A
AIGIUITTA! GRTUMAT 30T JHTUT 8IS WRIh e Bic.

vi) Bee BI€ (Latent Heat): AR Tohdh dRgHMT TahT R g Ry (Wl
930) 9GO BIUINI3T 3HTaRy fdval Jad BIUMAT glcd THIUT IS e Bic.

vii) FESTEL (Fluidity): ACRSE 59 SaRAd foclt TgoIqul aTg bl & GRIGUIRT T[UreH oro!
FISIEL. 5T UariTeT [ e 1T (viscosity) I THTUNT TG ele! 3.

viii) d@STfABIE (Weldability): AERSIer=aT gF HRTHT SWIdT, 219 fdhaT gigidar aTuR &
Uehal IS Rl VAT &HAT IGUIS da SISO,

ix) Y@ Hsfaef@dl (Thermal Conductivity): AR IAGR I farcl! TgoIqul AT Aot
ST ® S2IauRT Tured ot uife defaefRd.

X) E@F@Wmﬁ (Electrical Conductivity): Hef3@gR iaqu vare fodt Tgsr
qTg @1 Il § GRIGUIRT I[UTeH IUIS] oaed® Belaciagel.

Maharashtra State Board of Technical Education 6
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it qurent ;are SR SieidhRHdt A Aefked Masvame!, ar aeRsied
it TOTH TH Ul AT 3115, Jifd 0TeH TgUre! 31 T[ure of weRareran
TifF® AekiTar TR FHRATd g fadr awae AT BRI TS qUaN Hed HRdld.
WA 16! Heward Tt Jored fae oied -
Y (Strength): HIUATG! TRTCHA BN AT A8 I UM TETR HeRafaqe
BIUR fSHRARA (Deformation) Wm(breakdown) T UfdPR HRUTTT &I,
THAY (Toughness): TWTRT HACRSME TSl YT YOG d Wiked WU
(plastically) fSTRE (deform) B3+ -1 U &I,
B8 (Hardness): ToIeAd WO HRARGEU! HR Favdd faRiY HRugr
TeRafer &,
gTSHIATeIdT (Hardenability): B ClcHe ®H&d ACRST HoR SAUITRT &,

5. fye@= 9 (Brittleness): ACRI@R ] Haedl BIEHe ol fbdl Fgodul deal @

9.

g =ffqum Torend,

Helfaferdl (Malleability): ®IENRIE WAt goul fSHIRA  (deform) BT
AR = &, AT TureHTges ARSI 3 fdhdl AfHTGR Uldes T [ aTd
TR B A,

Shfeferd! (Ductility): TTETSS WIATel AR fhdl Tgwuul fEwiRH gld § SxifAumRT
ToTeH. 7 TOTHTS HERSIAA W R (wire) SHAdT Id.

foru 9 Rag

foru. e Iurd=ar gHaRATe sRIcedT HeRSAHE] TRTeHd Ao Hed Xaqd
BIUIR Y d STl gad gl Ug.

B9 I= 31U g EUTTIAR (high-density atomic plane) ACR3AHE BIUMR dad.
IRfera= (Resilience): n%ﬁ&m%ﬁm%q#eﬂw (elastic deformation) BT ol
YA YU G T PHIGeTER did 3ol UIRd IS UaTdt &,

10. Wl (Fatigue): TRAR AN HeR 3T ArAfd JuRY g,
11. TARERIAY (Elasticity):de fhal B ®lecdMdR AR Il Hes WA URd

SITUTT &HT.

12. WA (Plasticity): SR @IS Sakcd HATCUET (elastic limit) 1Y% argaen, @

ARSI 3T A U S 3dd. I O WIReRic Urdrd.

1.5 e, Q3R Aed, 3arg ATT Hifers R Hheur:
1) B (Phase) : Thol UM RIETHET THARET YT, Samed Wifdes Sfr Imafes qoresd

UHIRY AT, U df 3R CWHTURET Hifdemeted! avTes], I aeted] ThHaRl
30T gifAepesedl diTesl 34dl. WS’ Hed gl Sfofdaledd dhelRMAt, dqaE 3for
a1 YR a1g, 5d fdval 9+ A1 HivrcTe! hored SfdadTd 3R b,

2) 3R Acd (Pure Metal): % d Ucsh G-H%F[ o &HFT‘GFR'UﬁEIT(periodiC table) fafRry 833'@:[

YdTd. W3R Hed BUN 1, 2 fdhdT 3 Taieddi(valance) 3rdl Ucdh. W3R Aeads had
THd Uch SfYdl. IEF IR Headd  AegHadaluminum), dis(copper),
RS iron), RRA(lead), ST (zinc), T, Tict 3O T AT THGRT Blal.
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3) QAT (Alloy): 31 TS G fhar 3ifdd geahid iy, Sme I gcs Aed 3.
3% TSR Hod Ude dIRMNSI WU diue, facd fdhar yamafeesen ufdfebanrita
ST, AT S, AT OIHAE YR il ST, [,
ifers |G (Solid Solution): Hifers HIGRH g1 T el 3MTg, 572 &I febar 3ifies yeeh
THHGHH YU faRuesdrd. Tifds AR a0l Tyl 31Tg:

A) '\‘T@Eﬁiﬁﬁ qifers @@F{ (Substitutional Solid Solutions): SIX ?ﬁ@r_{(solvent)
fha1 WeR Teaan fbied STeATdid U ST e (solute) HT=AT (U Udal, dR &
g AUl HiecgeHa difeies g BUdid. diedcyRAd difde JigReyd,
iR R AR fohaT YouafRyd 31 Xevd.

a) %ﬂﬁﬁﬁmﬁﬂmw (Disordered Substitutional Solid Solution): Y

TTcC (solute) ST Hleag< (solvent) UEAT SiTedTd SHHIAHAUO! ST ddell 378,

b) GoUafRd WA ¥4 SEUT 318} AfRkeegyqd difds G  (Ordered

Substitutional Solid Solution): ¥Y JHigc(solute) HUHT Ticag-e(solvent) AU HTeATd
faffrauo ST ad Sie.

L) (X )

*

Solute atom s {Copper)  Solvent atoms (nickel)  Solute atoms Solute atom s
(g Substitutional solid solution (b Disordered substitutional (¢) Ordered substitutional
Fig 1.6.1
a) 3lTe¥ Aike g Aifers AIGIH b) &SR AfRkecgz=a Alfers A==
c) 3TSY Afkeeg=Ad
B) RTF\Q'&I’CI?I qifers @ﬁ!{ﬁ (Interstitial Solid Solutions): SIX 1\-'I\Tﬂ?:’(solute) G{Uf:ﬂ H[hR
Hleeg=c(solvent) SUUET QU TG 3RId, R o Hieag-< A (solvent) fohed STeaial Rad

SNTAY 99 bdld, MO SR O SIGUNE SRR Hifde AR TUrdd.
Jareruny, ARSI PHre-d favaesr,

Maharashtra State Board of Technical Education 8
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N TV TV Y ~, ,— Solvent atom
< a—a\f‘:-—-# < 'i\
d Y | II
L1 1 P A )
S S
(Y Y [ )~ Solute atom
A o
| | 1 f )
3 "- i i
\\____."‘I - » _—_ xx\_\__ o - _—
Fig 1.6.2

s Rma difas ArdR=

1.6 TAH-BTET g@%ﬁun &I'IW'ﬁ (Iron-Carbon Equilibrium Diagram). 9T anﬁa
fafay e, i wewaget araamE, snfor wefea siftferar gxifae sirar.

156390
A
1480 Liquid ,//
1400 -
Lig+ C
1130 ;
: i
= e
i AL i =% g
L} ]
910 B ;
768 C ! -
723 Y H
, Eutectoid | 723 C 5
H . '
< ' y :
- - C+P 1 C+P+L
2 : ) 1 ;
1 = 1 1 1 AL
: i ' 210 C i
]
e i} @ :
] ! 1 : 1
5 1 H 1 1
o 0.8 & 2.0 4.3 6.67
Percent carbon by weight —= . FesC
. VDO Hyper- § i ——I——— H tectic—e
eutectoid [ eutectoid Hypoeutectic ypersue
fo—— Steels Cast irons

Fig 1.7.1

anu#aﬂd-—rg%l%rlaw &H@_cﬁ (Iron Carbon Equilibrium diagram)
fafqe «w.

i) frerge Cementite (3T PTAISS, FesC): § UH SCIHCAD (R HIESS TG (compound)
3R, ST 3T HIEIZS (FesC) UM, RAcZcHe aoMTIIR 6.67% HIa- Sl § 3fdd
BTS 30T foled SexIRad TG 3fTg. ATl fohved TRaT STURIFE® (orthorhombic) 3118,

i) SfIRATSE Austenite (y- 3MTI): § y (THT) A RS Ple-d SWIRAT AfAS
IR 3178, 723°C &R Bl Alegaierci(solubility) 0.8% 38 0T 1140°C TR & FARGT 2%

Maharashtra State Board of Technical Education 9



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

wdd aTed. ATl fbed WReHT FCC (b Jcs Fg[eh) TR,
iii) BRISE Ferrite (a- 3MTA): § o- AL fRIBAA HTaTd IR TS AR 3R,
Gt U Bla-e BT Alegfaiere! (solubility) 0.008% 38 SMfUT 723°C &R &
Rt (solubility) FafaT 0.025% T dTed. Il fohked IR BCC @) des agfadh)
3T8.
a BRI§C (BCC): BCC M- Hed IeTIRTA Mg IR, Hlad B
Aregfaferdt (solubility) 0.025% 318, & 273°C o 910°C Tdd {Riard 3.
$ BRISE (BCC): § 1394°C d 1539°C dTIH Hufid SifRIard 3yd. HIa-e! HHId dlegfaferc!
(solubility) 0.09% 31Tg.
iv) HTETHETSE Martensite: § BCC & 3TO-HY HSHAA HIa-d SCRCIRAA YR JZRCS
IARM 3MTg. I HichT Ieqes, He-al AQRFHYT  STeR USUINITS! YRl 96 fad e,
ORI S SUdl S8 gIadTd 8id, URg SXdHl BCC 819 Udhd A6, HRUI Hlad
AR fSHad 3. TRUMH IRa-dT HicAdTSe RUrdTd. Al fohked TRaH1 BCT (@1al
TS CeH) 316
V) WREATSE (Pearlite): § BR13c 3101 Riffcged e figur og. it ARy daeR(lamellar)
TAT 3TE 31101 HRIge SATf0T R erg = yaidt ¥Rid a3

Tablel.7.1
AT 3TFOT T Hewa
AT | fhfewa uige agaE | Reifee—a g fafen
1 A0 (RiHcTged R dgam) 20C | triveree kriRE A
2 Al (@R (Lower)fhicdmd drgam) 727°C | Udiged URadd g gid
3 A2 (BRT3Cd FGRT AIET) 768°C | RIS UNHUTCH Bid
4 A3 (@EUgCcHeRe KWl | 727°C- | Uised 3RS cHY
3R fpfesma amoam) 910°C | gfvgd guf g1d
5 ACM (ERURIcHClss iawdl | 910°C- | fyHcrged 3CAZgcH
R fpfewma amomm) 1492°C | gfiad9 qof g
6 A4 1400°C - | 3fRcASed 5-WRIScHSA
1492°C | gfeqd qof &

Maharashtra State Board of Technical Education 10
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M- aTaSasifuferar

Wiefaes SfUfSHAT (Peritectic Reaction): §1 3o ATgH T AfHfAT 1495°C
m&%nmﬁﬂﬁaﬁ. g1 S1fNfehar 0.18% HIaTgad W Iaq gid. SHNehaT geTasmTor

0+L oy
I, 5= (STl I - BRIST) : BCC WA
L =(&a%U WId - faqesdid T
y =(THT 3T - 3{TRATSE) : FCC WA
g1 gchiAed BTeTd THTIT: § = 0.08%, L = 0.55%, y = 0.18%
I g1 AT auHTor 3&d: Solid: + Liquid — Solid:
geaeiss SMfUfhAT (Eutectoid Reaction): & ®H! dqudHEr! Sfufear 727eC
AqEETe e ad g SifNfhar 0.8% ®e-gad TiaHd gid. Sififohar geiaumm
3Te:
y — o+ FesC
Y | y = (3ATRHATEO)
a = (3TEWPT 3T - HRT3e)
Fe:C= (Wgad ®1a- - Riferge)
g1 gchH AL BIETd THTIT: y = 0.8%, o = 0.025%, FesC = 6.67%
I g1 SHfUfdaT elauETor 3&d: Solid: — Solids + Solid:

gefde®d fUforan(Eutectic Reaction): 81 Hedd QU@ iNfoham 1148°C ATUHFTC
g A & sififoha .4.3% weged fAgUTdEe gid: sifNfhar geiavTor 3118 .

L — v+ FesC

Y | L= (FawU - faaoad dRe M)

y = (3LTT)

Fe;C= (Hgad ®1a- - Riferse)

1 Y AT BTeTa THTT: L = 4.3%, y = 2.06%, FesC = 6.67%

TR, BT ST aT IO 317d: Liquid — Solid: + Solida

foma Snfor Apda ¢vex aredl gT8- quTgvaT= ufshar
gTS 1 3RAUAT! UfhdT &1 §8 AT (indenter) TR Widird AT fdhdT SSexHes daR Haied]
STURAT BRI AU B ball old. gled IrEuiEl I BN feden sifwrpw-ardt
TR TFTaar 30, gle-9 & UhR

1) fa g ucE

2) AHAd TS exC

Maharashtra State Board of Technical Education 11
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foma greav e
Microscope s Lever
Nt

=

‘l’f"’,} | T -H'*\_
% A~
(¢
Indenter. J Load Dial
. | "
I Hanger with loads
@ :
-

Indenter

Rotating Lever

Loading Lever

S B9 e He U 818 Wid §id (5 fdhar 10 fi mamm) S5 aruRa Sidl. §5e &l

X Hed3aar 3000 fohell die@Tel AN hal Sal. AIte HACISEd! ¢ HRUGMS! ST

F TS TTBTIRITS! @S 1500 farat fbar 500 frarmia w4t Fe o Twal. Al

31TAP HTAGHNITST AR BT ST, TS 10 d 30 Ydhaudd. AT AN HXUATT HIcTa ST

3 BT AT Head Wed [ShIHHRM Yidd.

Ufchar:

1. g1 ¢y, Wid sid e [ARIY Hraaeirsd! s s Fuld BRH ¢ Aeismar
FENSI

2. ST dId S8¢x Pledl olldl, AT ¢ AR TMid sa¢ ddR Bidl.

3. ToMd 8T8Y CeH el Bhad UhTd YRl BN AR bl S,

4. ESTUIYPHET 83 § T A1 ST 8o -9 (HB) HIUH $HRua Ay 3.

5. IR JToied] Md Sacd YT HH! ekl YEHeRimTea aeraM fhferiieddsd s oird.

6. BT S3c HINH YeId YAIHR ARl gTS—d HioTa Sird.

RICHEER
BHN=5=3 ——
P

2
BN D D—vT=a?)]
Y, BHN-f3Ad B89 AR D-Xd sierar oy (FErftge)
d- SSCRa AN (e P-AN] haiel By (fharae)

Maharashtra State Board of Technical Education 12
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Dial Indicator
-l

’b;;\ R Loading (
) dewvice
f,hl{t.;@,J

Indenter ﬁ;‘_“a;— —,

Anvil '
Elevating
screw '

« d “w
Hamnd 4
wheel — A0
F__}_,—f___,,—f,—f J - -
Hand lever - .‘:j"_/
Fig 1.7.2
TP add gre-Y e¥ex 7R
uferar:
1. TR=M:

1. T eI 3(d e d, THdd ST HIUTTa! ST U Jad el Gt He.
2. X HE3IQ greg exev=a sffegaaz(anvil) 3.
2. 8 IS AR HUI:
1. $SeRaxd dgH ol (Ul Al dle ) ARL Rl
2. $ecd! Y FRR HRUTTST 81 T 31T dosaT3] ¢ .
3. {31 AT AR HRO:
1. TS 16 HIST Tl ] HRT 0T BRAfdDh a1l dl eRe 3.
2. g1 T §8 X CXC HCRISHTHED YW He S8R AT SRl
4. AT ATS PIg CTHul:
1. i8] A8 HIgH ¢TIl Bdd g dle AN g .
2. AaTId TTITGIHES SacR [hiad a3 S §hs bl
5. {19
1. T8 ASETe < T3 id AT SRl Wieil JIST.
2. T T3S TRt AIST A8 SR HRUATYAT HTIOT AT S8 JIOTAS BB
3MTYR B FIE~wd (Rockwell Hardness) &T TOHT ! Sl

Maharashtra State Board of Technical Education 13
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Tablel.7.1
APAd WSS g8 Wbd
W |SSEIUPR | dg™ HioT HeR3EdT YR
qrs GIE]
(kg) (kg)
A H.120 degree | 10 50 gTe HeR3W oY & HeRES Wi,
Rrics wralzga
B T, 1.58mm 10 100 9 K, HIWR,AGH-d, 519 , U
PRE T
C BI,120 degree | 10 150 &I i, TACTIH(T),
CTREHA(W), B ATSTH(Va)3dTa]

Exercise:

TLO 1.1 fAfEy Imifien wwfesw TRaa fasawuT &0 (Interpret the crystal structure of specified

materials.)
1. The crystal structure of alpha iron is -------------
a. Simple cubic
b. Face centered cubic
c. Body centered cubic
d. Closed Packed hexagonal
Answer: c) Body centered cubic
2. Coordination number of FCC crystal is ----------------
a. 4
b. 8
c. 12
d. 16
Answer: c) 12
3. Copper has following crystal structure ------------------
a.Body centered cubic
b. Face centered cubic
c. Hexagonal close packed
d. None of the above
Answer: b) Face centered cubic
4. Crystalline solids have arrangement of atoms.
a. Regular
b. Random
c. Botha &b
d. None of the above
Answer: a) Regular
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5. Metal with hexagonal close packed structure is
a. Silver
b. Iron
¢. Magnesium
d. Aluminum
Answer: a) Silver

TLO 1.2 faaiean Iriiean GeasRae Sfia@ &1 101 d1Ry TPIHR0T 1. (Identify microstructure

of the given material with justification.)
1. The structure at a microscopic level is known as the
a. Microstructure
b. Macrostructure
c. Botha&hb
d. None of these
Answer: a) Microstructure
2. Microstructure of material is generally examined by
a. Naked eye
b. Optical microscope
c. X-ray techniques
d. None of these
Answer: b) Optical microscope
3. e of the following microscope are not used for microscopy?
Optical microscope
Ultrasonic microscope
Electron microscope
Scanning probe microscope
Answer b) Ultrasonic microscope
4. Microstructure not determines following property of metal and alloy.
Physical
Chemical
Mechanical
d. Thermal
Answer: d) Thermal
5. —rmmmemmeeee- of the following techniques is commonly used to reveal the microstructure of a
metallicsample?
a. X-ray
b. Etching
c. Ultrasonic
d. Magnetic resonance imaging
Answer: b) Etching

o0 o

o o

TLO 1.3: Y@1=HAg feeiedn F9-aTell quRl Srudre Ufchar T¥ &, (Explain with sketches the
procedure to prepare a given sample.)
i is the primary purpose of sectioning in material science?

Maharashtra State Board of Technical Education 15
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o0 o

e o o

o0 o

oo o

o0 o

To cut materials into smaller pieces for disposal

To prepare a specimen for microstructural analysis

To test the mechanical properties of a material

To change the chemical composition of a material

Answer: b) To prepare a specimen for microstructural analysis

----------- of the following is the most commonly used tool for sectioning metallic samples?
Hacksaw
Abrasive cutting wheel
Milling machine
Ultrasonic cutter
Answer: b) Abrasive cutting wheel

-------------- is the primary purpose of mounting in metallographic sample preparation?
To increase the hardness of the sample

To make handling and polishing easier

To change the microstructure of the sample

To remove surface contaminants

Answer: b) To make handling and polishing easier
------------ tool is commonly used for grinding metallographic samples?
Diamond saw

Silicon carbide or alumina abrasive papers

Plasma cutter

Lathe machine

Answer: b) Silicon carbide or alumina abrasive papers

Etching is performed after ------------- step in sample preparation?
Sectioning

Mounting

Grinding and polishing

Hardness testing

Answer : ¢) Grinding and polishing

TLO 1.4: fediear Tudia sfera Sftr sififspare siies &1 @ fazawor &1, a9 arg
IFTHRT 1. (Identify & Interpret the given equilibrium diagram & reactions with justification.)

1.

oo o

In an iron-carbon phase diagram, the eutectoid reaction occurs at
910°C
1147°C
727°C
1495°C
Answer:c) 727°C
-------------- of the following phases is the hardest in the iron-carbon diagram?
Ferrite
Austenite
Cementite
Pearlite
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Answer:c) Cementite

3. Pearlite is a mixture of

oo o e o0 oo

oo ow

Ferrite and Cementite

Austenite and Ferrite

Martensite and Cementite
Austenite and Cementite
Answer: a) Ferrite and Cementite
Austenite has

FCC

BCC

HCP

None of the above
Answer: a) FCC
------------ is Fe.C
Pearlite

Ferrite

Cementite

Austenite

Answer:c) Cementite

crystal structure.

T d SiomTST SRS (313317)

TLO 1.5: ANg-HIed 3HAEeR TiaaT faoedr & ia@ & 3 9y WPIHr <.

(Identify the given fields of steels on Iron carbon diagrams with justification.)
1. The region of cementite (FesC) in the Fe-C diagram is found at
a. 0.22%C
b. 2.14%C
c. 43%C
d. 6.67%C
Answer: d) 6.67% C
2. The percentage of carbon at eutectoid point in Fe-C phase diagram is?
a. 21
b. 4.7
c. 0.8
d. 0.02
Answer: c) 0.8

oo ow

Loa+p
a— Bty
vy — o+ FesC
L+toa—p

Answer: ¢) y — a + FesC

cooling?
a. Eutectic
b. Peritectic

Maharashtra State Board of Technical Education
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c. Eutectoid
d. Monotectic
Answer: c) Eutectoid
T happens at the peritectic point in a phase diagram?
A liquid phase transforms into two solid phases
Asolid and a liquid phase transform into another solid phase
Two solids form a eutectoid structure
Asolid directly converts to a gas
Answer b) A solid and a liquid phase transform into another solid phase

2o o

TLO 1.6: Choose a relevant hardness tester based on the given situation with justification
1. The Brinell hardness test uses which type of indenter?
a. Diamond cone
b. Steel or tungsten carbide ball
c. Cylindrical rod
d. Flatdisc
Answer: b) Steel or tungsten carbide ball
2. The Rockwell test uses different scales based on
a. The weight of the material
b. The shape of the sample
c. The type of indenter and load applied
d. The chemical composition of the material
Answer: c) The type of indenter and load applied
3. The unit of hardness in the Brinell test is given as:

a. HB
b. HRB
c. HV
d. HRC

Answer: a) HB
4. The Rockwell hardness test measures hardness based on:
a. Depth of penetration
b. Surface roughness
c. Resistance to scratching
d. Material density
Answer: a) Depth of penetration
5. A minor load of is applied to seat the specimen in the Rockwell test.
a. 1lkg
b. 5kg
c. 10kg
d. 150kg
Answer: c) 10kg
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unit 2 Steel & Cast Iron
o 31T PIee Sma=
P URUMA-2 (Course Outcomes-2): TA® Tehidre! arg fHrgeTg Wia St wRe A+
fAgeT. (Choose relevant alloy steel & Cast iron for Mechanical Components)
TLO

TLOé.1WWWWﬁH@TWEﬂ%WW@T. (Select

relevant steel for the given application with justification.)

TLO 2.2 faciedT Hrarare! Yafid HRe g o &1 Uie} fdhal ara! ®IRe dig HasT ST &ra
AT TPTHT 1. (Select the relevant cast irons as white, gray cast iron for the given job with
justification.)

TLO 2.3 feciear Ireht AHie- fazaftd &, (Interpret the given material designations)
TLO 2.4 fadien ®Re Agr=AT 9= UIYHTT 3 1 ST AT <ATIRATd WP 1.

(Identify the properties of the given composition of cast iron with justification)

Table2.1
Steel
1
I | | | |
Plain Carbon Steel | Alloy Steel | Stainless Steel | Tool Steel | Spring Steel
Low Carbon | . Cold work |
Steel/Mild Steel | — Ferritic | steel
Medium Carbon | M e | Hot work |
— Martensitic —
Steel | | steel
High Carbon | || o | | High Speed |
Steel | Austenitic steel (HSS)
o fawga arffeu

i, W BTET KIS: § B8 A Sl @1 38 WHY ToH-H 2.1% Tdd Hled de< 7.
g1 WS 7 PHIe- 81 T A1 gk 3R, ST HiFie, RfoHH, did IRRW 3aR g Bl

THTON ATURS ST, W HIe- Wiy 7 3w o] aTiRe SR ©I6 313,

Table2.2
W BT Wod YHR, ToIUH, T91 0T fdzr:

THR AT Toreny Pz
Sl B | 0.008-0.30% |1. IPpP Sal<Icbl 0N HSHYUT. HR dlsl, MRUBIEA, e,
e EAEE] 2. JoeTe It HRAFFTeRvadE, | dae, 2few s,

3. TICISC URTd HRUIR G&H ATal.

daw [ 0.30-0.60% |1. HHI HARA. @A ¢p, e, dfaeT
COCE] EAEE| 2. ARG ISR IUAIITAR FBT | A3, AR
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THR T Torerd Pz
o SIS, 2Mebll, AT SRR UIcd, .
S PIE | 0.60—2.00% |1, Fald HAI, Aolgd MOTFAT HH | BT ¢od, AP, Hao,
e PIe REIEED fe® a3,

ii. 3BT Wo: " LIouae UIHET JURUT S0 Hle- HldiRdd 3R ged gl

THIUNG SIS SITdTd” OTYH dreauarre! Rifeeid (Si), HST (Mn), Fde (Ni), SIftd (cr),
TACHTY (Ti), AifdssH (Mo), STRE (W), BA1STH (V) TRIRE 3O 3G & TIad 3Tg.

A. GGl SEAT:

1. WY qEqugNal

2. BISY, TH-Y, TAEHT, GaradhdT, Tuor 3foT 3fiel a1 UfdsR amie guRon

3. TN faggd ST Ja 1T TUTeH U HRUTNTA!.
B. 3G geHidl AB1g o<l UIYHIR JHTG:

1. f{fee (si):

i. Thelsc d Ailos AGgRH 3G,

iv

3G HH! B

ii. <B-Y dread.

. XY AT GrE-9 drGa.
2. ﬁ""FﬂTr[(Mn):
i, TR &rmar gurd.

ii. Y ATV CH-Y areddl.
ili. o BRIscHe favgesd.
3. & (Ni):

i. T URIEC d A0S AIGgRH 35,
ii. < Tge A 3101 HA KT aTead.
iii. 7ioT Ui REfHT aTeadl.
iv. § YA (AR Ui HH .
. ITe™H (Cr):
i. greAfafoc! argad.

ii. 39 ufdeR areaal,

iii. gTe~g 31T 7l UfdehR&™dT dTeddl,

. CIACHgH (Ti)

i. Hogd BasS daR Hdl.

ii. greAfaoe! aradd!.

: IITI%’)@FW[(MO):

i. gronfaied! aread.

ii. I @ IRID Pl

iii. 3 UfddbR aread.

iv. 3 AU AERS gTe- JURA.

Maharashtra State Board of Technical Education
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7. TR (W)
i. gTeAfafoc! argadl.
ii. BIERS TR B,
iii. 3T UfdR aread,
iv. E’T‘d%ﬁﬁﬂﬁ'@?ﬁ
8. ®AISTH (V):
i. U9 d IR RIS HRdl
ii. greAaect argadl.
iii. R PEgs TR Hdl.
iv. S UfddR dreadl.
iii. O W0 § Ol8 MR 301 3RH ML [T 9ch AGI Jid TOTH HIa TIGUEl
J7Tes 3T, § TGl Hicdl TRl Yaltid 3ed. 3R Wio uel fge diefc Haamar d Y,
BT 3107 SIS iR SR GRaaard

1. PGS TP g0 WIo: oY JTIRIAT auHE 200°C (392°F) U&T SR A0 3721 {3t
RS . TN 8T BT, 3T UfdepR 3fdr ehe g o i onfr wifthn e
TR HRUTTITS! TG T, I AT RIS TSt ATIRS SiTel.

2. Blc g g0 Wo: [0y TIRIET IHM JMERIE: 200°C (392°F) U ST 31d, 31
el aTRS WA, o fee AiwetT, Yo wic il e a1 Sy UideR UaH
FRAT. § IA-ATIHHTAT TR R ITURe SiTd.

3. B s W (HSS): 3= a7Nd TGN, 3= YA (600°C el STRd) S™Io i
gTe-Y fedhgr SaUM=T WA HIYUae! f$3gd woo (93N go Xioy. f§o faeq,

v. RO WIo: § 31 MU @1 3fed SaTd [hHM 12% Cr 3¥d, S UgNURTd aTdrarund
TS TR BIUOUNgA RGNS 3Haxddh 3 d. o aaaRol S0 JieHEe T Sor
PSS! 3dd UfRIU® SR, SRT § XIod SHieISaisiT aIdaRum Judhid Idrd
IR I oG SIS 8Id U 8ASY HIftH ffaizad! Ulde fthaH daR 8ld,
gl fihon [MfehT 3rad, Wd: RUSR SRR 3/d 31fo 4eie gHIoT 9ot ued ATal.
Table2.3

UHR AfOT SffdHaH
.. | WA WIS PR A HzH
WHUTHFERTNS JUBIT, 3 Ulehdl IaNT, dedbig
ISR, fge Tadony, USRIUY, e ¢, TTRfu,
WA i, TaRlic Red, dg&id SuHul, g™
dqa g IYANT 3,
> R qoacl 9%, dlcMeRe TERe Red, fie
' T oN, BT ATTE H€ SUANT, T a1,
e T, 1o 93T, Uy, 104, I,

1. | siefAfes

3. | wdfafes

Maharashtra State Board of Technical Education 21



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

v. (B ©e: B Wod & safadwar il safasbaard! fegms— w0 oy I=-2ri, 3=-
I AUIR EIoH 3MTed. BT oy § sditadl 3l sdftadard! fsgsd ooo fa3y g/
XY T B9 RAes U Wiy 3ied. [ Wiodr awR fafay yera B siftr uid aar
HIYUATST o] ST,
TFAT: C- 0.7 1.0%, Mn - 0.2 T 0.6%, Si - 0.1 0.3%
1. 8 o ez
1) 3iCHERS d ¥ad WM JF0T
2) Pige B, TIISTIER IR 10T ez IR,
vi. WIe 3NfiT i< Grqed Ko dfzned
JAGHTE Ugd, bifdhe 9, fge ?ﬁ?ﬁ'c', gifies I, oIl SATAl Ble! HdbS=a
YR KoY WRHHE e Sdld. dgdd WRIhdaH IS [THaR R SRIdrd
HRU IMAMAG TG PIvl fge diede qO I 3 © a=aal ad. ARy wfgd
ATRIHANS] TOIRId TG 3ol KIoOyd I UHRd o Hasuam™
QR bR I ¢S Tad Hd.
A. e Kues SRz Rifkew:
g Rifed 1961 A9 ST WSS 3Rz WIHR!. 1974 A § €USS G HIT
GUTRT BRI TS, UFT 1 A Kiod SRIURM 38R fogiar 3for YRt 2 A8l SfdhiaR
TYTRT Eierd SRR JHIfdy 3176,
s Dis HRI: "Fe" fhdl "FeE” 4 T& Blal 0T AR FHHId St CArte W fdar
Res T, AR 31T Yehra! IS g 31 At fa2iy afred gzifaoms ok am.
DS &R 30T TS DI WG TUIHH G0 B,
1. Uftha: "Fe" fdhal "FeE" - 3IHH fHAM CURG WY fhal dige Wy onuilkd ¥io
R H& 318 BT ATE! § Gferd B
2. XY IPT: UhRT AR 00T 3d KIodl [GaF cuse WY fhal digs TF (N/mm?)
CEICG]]
3. YA g Wons IufRd o1y gehid UfdfAfdd HRURT 3iaR.
4. TRy IRyl R o sifafad fog & Stsiifdaszm usd (fhes Wewmd! - K,
RfERT TSHrat - R), dosfafoe!, TRy fhHr sard! quiedd graadr.
SETER:
1. Fe 400 K — f&HM 400 N/mm2 <URG ¥ ¥Io do™ «[hos To» 3mg!
T,
2. FeE270 - T 270 N/mm2 H10E [Y 3RIFS LIS
3. 35Ni1Cr60 - 0.30-0.40 C, 1.00-1.50 Ni, 0.60-0.90 Cr
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B. AISI/SAE SR Rifee:
ARFT oM 3fe Wio 3Recge (AlSl) T A i sficmiiee e
(SAE), $ed Jrdpe Wiod SREPRM UURN Saodes IHM Ugd 3 3for
o= IEEHE TWHaR YR 3R,
AISI/SAE W@ sRivzH fafed g wreq Sifir sreig Wied! Iafe o1 IQuaRia! aR-
3icp] TS ATURG. BT YU T IR SRS AIGdT THIUNT dTURS! SITdl.
1. UfRe THF 3ih 3B1g gedh fadId.
2. Rged I 3 fhcll Bra 3R B T=fadrd.
3. 18U Ble I8
4. 1 AR PIUG! T BN 3H@1g Kl
1. AISI/SAE W& dstl 3&T8 ur:
1. 1010: C-0.08 d 0.13, Mn-0.30 d 0.60 - @+ HIe ¥l®
2. 1144: C-0.40 d 0.48, Mn-1.35 1 1.65 - RA@HRIZS HIe (TET ARG &R
3. 4140: C-0.38 T 0.43, Mn- 0.75 d1.00, Cr- 0.80 o 1.00, M0-0.15 < 0.25- ShITHaH
HifoesTH X6
c. fafexr Wes sizm fafen
o SRrFd! fafear Riked en RS ®UA $fiow@s! S (En WU SHRSHY]
HHI®H, RO G YUMOT U1 HEGGIAT SERSHYA] HIdld [dhiid HRudrd 3Te! gia)
Word! fafez Wes SRErm Riferrd e wHie 3l Te A1d gaifay sied.
A. fofez €es SRMzM Riffew=h Igreo:
1. EN 8 - § To TiShH ordd Wie 3iie WTeT IH=id: fhaife! sifeeze Ad
qIRS S1d, [N1Y AR ae TIGUaT SIRd I 301 ThHY 3azdd 3Rdl. d dgddal
® Hoadl, AHeTss fddl fge iice fRdd Rad o,
(C-0.35d 0.45, Si-0.10 d 0.40, Mn- 0.60 T 1.00, P<0.05, S<0.05)

TABLE 2.4
AT Ah DA HUH< AT W
3. | ABMHDS o TR 3 | wPPe ol UeR

8 BIe KIS, TO
L)

PR AT, TAoT

y MPSTo BRE AT, o, Afo3a0 BRe

LEEK e 1 9. | Al AR | gt
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3. | HPPS Wod YR 3 AhHFe oo YR

®. | HUH< ® HUH<

3. |7e AN 10. | TRIA® His LT TS

4. | S@e XA WY, ARoe ¥1o | 11. | RF a1 a8 | I HRe 3.

5 | foax RI0Y o, 70 Wie. 12. | dR 4 o, WIRe®, BIISR

e}

o AG3aE HRE T, ARGS ifefhapzH .

6. | HPHIAMIT i 13, Sarfin sfaed, 93RkT ¥e
. AR08 Wi, 3 AT ASiaH HTa TS, TS US

T EER | 4. | AR -

2.3 BT AT UPR: HRE T ¢ B[ BRAS 30T Hla-Tdl 1T SR A HIa-
2.0 d 6.67%. G 3l o f3ges 3RTd IR SR WUHL ISP 3.

1. e B ATH: 8IS, IS UfdHR HIURT, Ho=a1 S A aTRST Srd!.

2. YPHRE 3MH: IiTe! FRifAfafed, IoM soieHs IRt S,

3. IR (SIIZP) HRE 3MT: BTG THAY, shhMTFeH ITIRST S,

4. AIfG3TS HRE TH: TTST SHIdE UfdHR HIUIRT, TR fhfeirHed araeT S,

2.4 PIE AT WA=

T BHRE A
1. FG200- ¥ HRC 3T+ SATd! ¢HTR® Wy 200Mpa (N/mm?) 3Tg.
2. FG300- U HRE T SATd AT S W 300Mpa (N/mm2) 3Tg.

o sifedbzrrard! Tabli;ftrwan'qﬁ?ﬁﬁag
AP, | PRE A YHR sz
L [ UPRe 3w IO soTa, UISW, R =1 e
2. | e ore 3md NS, HIRT BIATY
3. | AICIoR (SRZP) BRE A4 | ffciHifcegd U, Urswy STfT fibfdrg
4. | aifosa® BrRe T VT HRN, SfierAlfced HIT.
5. | Bimidcs IhIge 3 f$2o SR soiay, dl-Sget ARMR.
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2.6 WA 9 B TS i SREEE nfor HIfET (Femaed, veguns, v, Stemaed,

é’rm TOR).
a) ﬁﬂqé’m

1
2)
3)
4)
5)

1.

2.

BIS (S4RT 3T $fST W sgH) - HRA AP K Ss .

ASME (A& JIradt 3 Adfwe sforfem) - srRe 3ex e
EN (@RIfUgH 1R - RUKde AeRkaed ¥ss

DIN (STHH 3fReeyge Bk Wesazizm)- ifde [uremiadt s wes .
TIS (UTS SSFEUS Wes) - T AT T AIRAI! UTE TS s .

BIS A, PTa WIo US IS: 2062 E250 UM Hgad o> SITdTd, S 'E' ATiH®!
TR G2ad 301 MPa AL 250" § ffAHH Rigs €Y 318,

AISI/SAE R IR-3(®! BT aTRd, 91 UfgS GF 3 3@1ad Ucdh q2adNd
3107 2iged I 3 I IRl ezladr.

JETET: AISI 1045 (W BT KIS, 0.45% HIa).

RITTT A1 (EN) TS S GRITUTA BT BR WK SS9 (CEN) R [awRid Hot
Srard 0T WK d, - T 0T UifoRyg Uifed WRB Hrugd!
QU1 RIUHE TYSAT THTUMGR aTiRo! SIrdrd.

JGTERUT: EN 10025 (RS X Iad), EN 10084 (HH-8TS T L1®)

DIN AFe S e Sfl IdTeAd aTRSGAT SU=T Jiigimd! qifAd
TuTeH, AE AT ST Il gzl [ShIg HRdld.

JGTERUT: DIN 17100 (CFRS TIGd), DIN 17210 (H9-8Ia 1 E10)

UE SHNAE TS (TIS) UHGSHNS IUNT FAGAr=A Sfavfd U s
WSS TR (TISI) gR TR Hol JMae. § Kes WIo, Ui, dxamdl, faggd
IUHRON 31T FrHTH e TS B, SHEfid Hfsdam He ora]
STIOT GRI&AT giRed .

JCTERTT: TIS 50-2561 (TR TIW), TIS 51-2561 RISPIHE TID)

2.7 UTHF BTBTAS ST SO ST SUTNT: (1KS)
a) U BTTde M- ST Wie:

U YR AT WA T H aATd! Seda! Sid gidl, sares e yd Hied 3«
golld oM ST Wi TR B ol. fAae! Srael WY: Al FAHKIS To-UfcRiyd
BIES! TY, Sl Tel-UftRIee® SHa-d UiTd J1 3G,
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Fig.2.1
Courtsy-https://en.wikipedia.org/wiki/lron_pillar_of Delhi#/media/File:QtublronPillar.JPG

b) 3ma ST Wewd PR (IKS)
1. HSI- 3 HRE AT 3] o il YS! aroRe S
2. TETT - § BT LS 3T of IRAATS! ATORSG STl
3. Hidl- § JIPIT 3T 38 o fAR1y iftedhaHurd! arRe o,

Exercise

TLO 2.1 fadicun SyRNTNTS! Hefdd Ui (AaST 311 I =AIERTd TEIDHR0T L. (Select

relevant steel for the given application with justification.)

1 e steel is best suited for making automobile axles?
a) Mild Steel
b) High Carbon Steel
c) Stainless Steel
d) Alloy Steel
Answer: d) Alloy Steel

2. -m-mmmm-ee- element improves the corrosion resistance of steel?
a) Carbon
b) Chromium
c) Sulfur
d) Phosphorus
Answer: b) Chromium

3. The main purpose of quenching steel is to:
a) Increase toughness
b) Increase hardness
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c) Reduce weight

d) Improve machinability

Answer: b) Increase hardness
4. steel is used in gear manufacturing

a) Mild Steel

b) High Carbon Steel

c) Stainless Steel

d) Spring Steel

Answer: b) High Carbon Steel
5. AISI 1020 steel is classified as:

a) Alloy Steel

b) Low Carbon Steel

c) Stainless Steel

d) Tool Steel

Answer: b) Low Carbon Steel

TLO 2.2 fedcar Sraiard! Yafdid BRe dig S ! Ui fhar IRars! sRe ag Mast nfor o

TG TSIHRT <1, (Select the relevant cast irons as white, gray cast iron for the given job with
justification.)
6. cast iron type is used in engine blocks
a) White Cast Iron
b) Grey Cast Iron
c) Malleable Cast Iron
d) Ductile Cast Iron
Answer: b) Grey Cast Iron
7. Cast iron with graphite flakes is called:
a) Grey Cast Iron
b) White Cast Iron
c) Malleable Cast Iron
d) Nodular Cast Iron
Answer: a) Grey Cast Iron
8. property makes ductile iron suitable for automotive parts?
a) High hardness
b) High toughness
c) Low cost
d) High weight
Answer: b) High toughness
9. is the carbon percentage in grey cast iron
a) 0.5-1.0%
b) 2.5-4.0%
c) 1.0-1.5%
d) 5.0-7.0%
Answer: b) 2.5-4.0%
10. --------- designation represents ductile iron in the BIS system?
a) FG 150
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b) SG 400/12
c) AISI 1020
d) EN8
Answer: b) SG 400/12
TLO 2.3 faciear Il A fazafdd & (Interpret the given material designations)

11. 'EN' stand for ------------- in material designation?
a) Engineering Number
b) Equivalent Number
c) European Norm
d) Energy Norm
Answer: c¢) European Norm
12. In the AISI-SAE designation system, ----------------- first two digits represent in a four-digit
steel code?
a) Carbon content
b) Alloying elements
c) Heat treatment method
d) Manufacturing process
Answer: b) Alloying elements
13, - is the purpose of material coding in steel selection?
a) To reduce weight
b) To standardize properties
c) To increase cost
d) To make manufacturing easier
Answer: b) To standardize properties
14, -—-mmmmeeee standard is commonly used in India to designate steels?

d) EN
Answer: a) BIS
15. The designation IS 2062 E250 refers to:
a) Cast iron grade
b) Stainless steel type
¢) Structural steel with 250 MPa yield strength
d) High-speed steel
Answer: ¢) Structural steel with 250 MPa yield strength

TLO 2.4 feoien &Re AR Xa-=a1 U] 3 BT T AT T SIS IHR0T 1.

(Identify the properties of the given composition of cast iron with justification)
16. -=-==-=-mmmeeees property of cast iron makes it suitable for engine blocks?
a) High toughness
b) High thermal conductivity
¢) High elasticity
d) High electrical resistance
Answer: b) High thermal conductivity

Maharashtra State Board of Technical Education 28



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

17, -mmmmmee- is the main difference between Gray and white cast iron?
a) Carbon content
b) Graphite structure
c) Alloying elements
d) Hardness
Answer: b) Graphite structure
18. Malleable cast iron is preferred for:
a) Car bodies
b) Pipe fittings
¢) Cutting tools
d) Bearings
Answer: b) Pipe fittings
19, - property of nodular iron makes it superior to gray iron?
a) Higher ductility
b) Increased brittleness
c) Lower cost
d) Higher density
Answer: a) Higher ductility
20. The carbon in white cast iron is present as:
a) Free graphite
b) Cementite
c) Ferrite
d) Austenite
Answer: b) Cementite
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Unit 3 Non-Ferrous Materials and Powder Metallurgy

A9-BR gefaed 1T uras Aeasit
@ Uf¥UITH-3 (Course Outcomes-3) - STAIEHGT SIHANTRITST HSfId TR-AES! AT Uraex
Yt gedh fAaEl. (Select relevant nonferrous & powder material components for the engineering
application.)
TLO 3.1- e dfe firsrerd snfor sfegfaf-am forsrerca Tored onifor srvaiT quie .
(Describe the properties and applications of the given copper alloy & aluminium alloy.)
TLO 3.2- feiea daf arefier Tqore Sifor SrIurinT quid F1. (Describe the properties and

applications of the given bearing material.)
TLO 3.3- FAfY Suarmard eiftrd IR-areet anelt fAasT SHfdr e =it Tt T 1.

(Select relevant non-ferrous material for the specified application with justification.)
TLO 3.4- fafdy graex Idre Uiddr WY o, (Explain various powder manufacturing processes)

3.1 F9-R Hefeaed (UTq) o1 uied -A1H-y AeRad ol 3R ACRad SaTd 31 (Fe)
g U5 Uch A9dl. -y Ui ART 9. d ARG §ad, To-UfoRig® 3R o
JIBIT (Magnetic) THdTd. o Al 10T IWTAd TS A8 SdTd. 38R0l AgHATH, HIR
(@), ST (FUe) , STt (1) , TrAICH-aH, f3ieh (SIcl) SM1for oS (FRRY.)3T1 YehRUMd MUl Bk
HIR (Cu) 30T STAFTTH (Al) R S e -y TeTfe 3R HRUMR ATENd.
PIUR ST AT AT - HIWR 8T U ATAER-AUIBR], AM-0Y Hed 3HTg Sl ATl 3 fagydd
3TTOT W= A H AT SHSEa Sl
PR BT UH To-UTcRIYUD, Taid, GaDHIT ATl O TIaTIR HRoGEAg Hed 8. a9d gl
3P ¥ fagga 31 Iwiae arged Sraal Hed 3Te.
3.1.2 BIUR o oreH
1. . W—W
. Aciaferct: WSl STBR <al Jal (7 Jedn)
. Sfdefirdt: dR=n = urd Wadr ddi
Y-dl: 8.96 g/cm3
ﬂﬁdﬂqﬁ (Melting Point): 1,085°C (1,984°F)
faggddrgsdhdr: Sy fdggd agd
BIc hefdeiagc]: 3= Bic dhalaciogel
TSRIY® &HdT (Corrosion): TREUMHSD fgvdc 3HIEs U TIR gidl
. NS Ycilfehdn : s q SiifayeRi ufdfohar wal, 91 Sgaisl ararerond fRR Igd)
10. Y : 1T 31T GUT FHYUTq e Y digdar Ad.
3.1.3 YT SUGT
1. Saldedhd IR I&Y fAggdde® &Hdge Safdedd Hihe T aRIRTNTS! HisdT
OETOMGR dTaRa STl
2. WO (@@ YUl ToRIUS &Hage UiiqRas] qaRAeE SRl Usudl Hiedl
THIUMER TR ol SiTdl.

© ©® N OO AW N
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IuUrdl faf AR (Fic TRER): I Il dlghade gic UReoR 10T feuedns
ATORT ST,

1oft: 3 1ol qieTurg fdvar disaTear Ry eTqurgH sHdd Srard (341, O,

5. QRTGINA: SN fohaT St it fyurdued disarn Iuai qiftare At dan
ST,

SARIMTT: IPT aED UUYHS HIURAT aR HdRd B, J0H, oo
Wsﬁaﬁﬁa?wwﬁr&&ﬂa%m

7. SYHH: ToRIYS ST igdesedl HHYS SIS TUR, TeR U1 Ty Jraed
DI AR Bl S,

8. 3fdd: HIRA AR Aeaddd B i (BIWR + <) 3 fUds (@R + f=3ih)
TIIREAT YT TR dhedT STard, Sa1 It ST are g fafqy a=id araRe
GG

9. Fet: Rarolae dest 3nfdr SR Fedt I HIoR=T AR gl

3.1.4 BIUA AT (Alloys of Copper)
(AT WU HIRAT U {dhar $ifid Aed a1 gehiNed g TR Had AdH
AT, 3 Hedres AT UIYHHE JUROT fhaT Saa dHRar Idl. a1 fasrerdget FAffd
TSI, TToRIYS &, faggaargddl Tl SaR SMTa<ad UYH JTequaTTa! aral SiTd.
TTelt IR T g e amed
3.1.5 59 (fUde) (Brass): [Ude WU H1UR ST f3ies i fHSI07 Syian 3i@id 38, FTal 9l
A RN (Lead) fohar 3= 41q Ut yHT01 e SITdId. SRIAE 309 ToRIgd &HdT 3
30T A ot wifel, are) SHIfOr Teia = axqara! Hidal THIuMeR dTaRel! Sid.
A) e Aed (Muntz Metal)
IMA® JIGAT (Chemical Composition):
PR (Cu): 60%
3 (zn): 40%
'{[UTEI'fI (Properties):
T fUgeeeR-, fUdesrarar fewdl.
TToRIYDHdT: [IRIYd: T TR b ToRIYD & 3.
OSqa: G PIORAT Jaid YD Tolgd MO 3= TG (tensile strength) 31,
HTIHT: BT IHTT (Cold Working) TfehaT ST Td 3NfoT daiAedgt Test a=if= dar

5. Saciiaie! (Ductility): T =T 3, TR Y DU Jei—d Ura! HHT 3.

6. dTeddl (Conductivity): & PIURAT Jai-d HIH faggd ATOT SWIAT argehdl 3.

7. B89 (Hardness): X[ HIIRUET SR HAT0T Gfﬂ?ﬂﬁé’ IYUT-UfeRIS (wear-resistant)
SUIRTIHTST T 3T,

SUYRT (Applications):
1. S aiyuft (Shipbuilding): STETSTTE &ad (hulls), TTOTE SATTOT TS UG AT
ORI ST,

w

&

1S

el
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FiUBT (Construction): gXaTel, RIS ST BUR TS ST
AT (Machinery): T3, I3 3foT Sieifiies WA AToR defT ST,
qTSw S0 fbferS (Pipes and Fittings): feT &wﬁrﬂgﬂamwn?ﬂamm
JUTdT fafHI® (Heat Exchangers): SSTdT 8XI1cRUT UM HE (Heat Transfer Systems)
ATORT STl
B) TATATET Hed (Gliding Metal)
e AT (Chemical Composition):
PHITR (Cu): 95%
f3ib (zn): 5%
'[[UTQI'Ff (Properties):

1. iue 31 dafees (Soft and malleable)

2. @WWWW (Golden appearance)
3. ITeH ToRIdHar (Good corrosion resistance)
4
5

ok~ W

. gAY UfehdT (Easy to work with) — TgoTIUl HTHR ¢S .
. HYH ﬂﬁg’:ﬁ 31for fehragun (Moderate strength and durability)

SUGRT (Applications):

1. golacd & (Ornamental Work): QH% TTOT ThIaR FoTac =T ShifcTTa! aTuRe SiTd.

2. QIR (Jewellery): T GaTHT ST T¥HT3] 99 Aed BUH TR S,

3. 0T 301 Ugds (Coins and Medals): PTa! TR HAT0N 10T UGdh TUR HRUANIS! dTaRal
EIG

4. IR ¥SITde (Architectural Decoration): GXdTS], & 0T fidi= UAa<Ta! aroRe
ST,

3.1.6 S5 (@1): DIUR HTOT fe=1 i fHYeTd 3REH, AT HTgIde] hiehd, Aeghfaay
fohar Riferen = TR SR gcdh YT ST, 8 Holgd, ToRIee 3G AT0R, aes i1
Tt fafay YATHe aroRd Sird

A) ﬁ'-'-[ﬁ%[ (Tin Bronze)

T JIGAT (Chemical Composition):

« BIW (Cu): 80-90%

- & (sn): 5-15%

- TR YeH (S, Biehy, R 3.): fafry uremfandt &t gamong erda Sirar.

'ﬁUT%IfI (Properties):

. ToIgd ST TioRIe D

. ETIY (Fatigue Strength)

. ORIR & HRugNE! Sy ([aRiva: RRged fe siermal)

AT JWTAT 31107 faggd arghan

SUYRT (Applications):

1. IR Snfor gRIW: St avr 3ftr 3= i uftRigdae daamitd aruRa ol

oA W N e
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. TISRT 311fon aTees: = dTdhg ST TSRIU® TchiaTa] SUga.
. G IUBRY: SISl UideR, Uy HTfor fobfevaiardt arare S,
. TRrew st gaes: Ui avia snyfie Rieuiaed feswrsgon Juamrdt Sfr iearara!

N

A W

drux.
5. faggd gew: FHracy ATl Radvm e IivTed fdggaagdh sl aTRd Sl
B) tﬁ'\‘ﬂﬂﬁ@ (Phosphor Bronze)
TS JAAT (Chemical Composition):
« BIW (Cu): 85-95%
- & (sn): 2-10%
« HITHY (P): 0.01-0.35%
'{IUTQI'F‘I (Properties):
1. Y AT CHg
2. IPpP e UfeRIYDHdT IO TToRIgdHar
3. HH! gYuT 70T SR BNl ey
4. e faqgd argehd
5. ORIHAR HR S0 A
SUART (Applications):
1. faggd f&i (Electrical Springs ): R, Rat 311for acd@ed amoRe SiTd.
2. ST 30T gRI (Bearings & Bushings): ST€ YR g+ HRUMAT AARITST STH.
3. 3R anfor aress (Gears & Valves): 3N 0T IR domid aroRd 1.
4. TGO (Musical Instruments): fireRean dRT 31 iRt AR S,
5. dTg-ITd gc U (Automobile Parts): 3T T&¥ ATOT ST gedhied aTuRd S,
C) T Hed (Gun Metal)
AT JAAT (Chemical Composition):
« BIW (Cu): 85-88%
- &1 (Sn): 8-10%
- f3ie (zn): 2-5%
- TS (Ph): YIS THIUTT (Uf5ap)
'ﬁUT%IfI (Properties):
1. Oogd 0T RISH R
2. 3o famRIRRLe
3. JPY HIRCHT 01 BRIAGR HTH HIUGNTS] Tl
4. 9% 10T UTUaTges GIOM=AT TISTaRIA AR&UT
5. T 31101 fdhTS (Tough and Durable)
SUYRT (Applications):
1. fr3rRf anfor afe (Gears & Bearings): TaATITT fed e UumaTdt aMuRd SiTd.
2. tﬂg'GH 30T T (Pipes & Valves): dIth sﬂﬁramsfmwnfﬂwmaﬁ
3. PRI IUHU (Marine Equipment): ITUTR, GU 10T STETSITdE SUHRUIITS! g,
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4. I 3M1for gSTTact= 9% (Statues & Ornaments): TRIeTda SfOT MU= SXGHTST AR
G
D) ?ﬂ{tﬁﬁﬁ (Cupro-Nickel - FIR -fAepa &IFI'TQ)
INTAf® TFAT (Chemical Composition):
« BIUR (Cu): 70-90%
- & d (Ni): 10-30%
- IR YTH (ARG, HIFION): HH! THTON, 31 Ao d ToRIgd Tt
'[[UT‘EIT:I (Properties):
1. foRIvd: 9g¢l grogrd Iy TeRIYSHdl
2. I Huigdl g fewrauun
3. 39 IWraT 10T faggaargsar
4. A HUC®H (Non-magnetic)
5. Sifqes et Sfn faar YR e
SUYRT (Applications):
1. AR SERT (Marine Industry): STgTSiid dad, WUeR, 30T Tt qrogrear uigfimees
TR ST,
2. 01t (Coinage): fedwr& U SM1fdT ToRIyH g AT SqUITITST aTaRd Wil
3. fge Q?EI%IGR 30T eI (Heat Exchangers & Condensers): ssft\gqm cpi?'i*l Rerardt
TR ST
4. SfICHHIETSd TN (Automobile Industry): S SIS 30T S8 aTfe-ATITS! (Fuel Lines)
CISEGESIG!
5. Jg®I IUSRO (Medical Equipment): SIS (Biocompatibility) SFECE ATfOT
IRATBHAATST TGP IUBROMTHL dTIR ST,
3.2 UTHIHT HIRATd HIU=dT SUANT SATO1 BIAG I e (YR 1 WUITer - 1KS)
3.2.1 UTHH HIRATA I H1u<r SUANT:
1. 9aid UHF aRAd U1 HIR § WK HRAd AFdl SUARTNIS! ioRuard eied]
gfgedl 4TqHed BId. T aUR Chalcolithic T (dis- &8 ) HIBTd, JAR 3000 BCE
UG Sl ST gil.
2. BSWI WPl (2500-1500 BCE): HIRD TR, A A0 IR ASTT Sa-Td Areal
JHTUAR Ao SITd 8idl.
3. JEDIT SUTNT (3MYda): TP Aedl TR UK TAHY BT SR Joredfr
I 3Tg, faRIya: groft Araqul 9 g HRUTIS.
4. Y g 9 IUANT: BIW B (IF), Gonmiadicial Higt ofn ufties RrereraiAed aruRa
STd 3.
5. 107 g HTYR: YT HIRIT TSl TR SAT0T 31 SHagRITa! Siaxe -AToft aroRe.
3.2.2 BIAGTAT HIURET IW@: F1A< (1500-1000 BCE) BT HRATIE Fafd Ui U 3R, T
DGR "G (UI) WUH T 3HTe. B (N YTl ATd dTaTTesd] YR THG DHRal:
a. "M " (HT31 YTd) — dIE (Iron)
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b. " ST (STel YTel) — PIUR (Copper)
HTe! BT diedrar SUAN g, G 30 SRS dhedrd qui 38,
B! GUITIR SHTNTIR 0T YfeshRur faefiaed dieamn aTmR Har Jd 3.
3.3 a‘l’?gﬁrﬁ'qn 3dArg (Aluminium Alloys)
A) Y 3@ (Y Alloy)
TS AT
+ SIHIH (Al) TN 1
« HITR (Cu) — 4%
- o d (Ni) - 2%
- TAR™H (Mg) — 1.5%
« ThX (Fe) — 3 TFATOA (31T L)
ST :
1. a0 SN IUARIYS ToreHAges [AHTHT=AT $fo YRTHS aToR &l Sl
2. ficHaTsd ITT: ke 38y 3o Ridiex 38uHed IR ol STl
3. THRI IUDHRUN: I HIAEHAATS! 30T ST UTAHRIATST AToRET ST,
4. I AU IUAnT : o) IR SiegfifAoy fiyerd dugad gidrd, $Rm fawroft
TR ST
B) f&SRma™ (Hindalium)
TS WA
- gy (Al): 96-98%
- TAR™H (Mg): 0.3-0.7%
« IS (Mn): 0.2-0.5%
- I (Si), B39 (Fe), HIAR (Cu): 37T JHTONA
SUINT:
1. GAUIHERTA YS! URR Hb, Hia! 10T ad
2. Wﬁaﬁ dre, ¢ 1 RS e
3. faggd 3T IR onftr Heacy
4. 3SR IUNT: AT GolTHT THIATS] aTiR
C) SQRIGFU (Duralumin / Duralium)
TS T
- G (Al): 90-94%
« BIW (Cu): 3.5-5%
- TOR”™A (Mg): 0.5-1%
« HTHST (Mn): 0.3-1%
SUANT:
1. faumM It foum S sfor they
2. SR SN HRAT dle! TR HTOT SO HFT

A

3. Ycd: Il Yed] Uehiaed araR
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4. IS IUDHRU: I d T S0 IR dicy
5. el IENT: dIT 101 STgTeli=ar TRA-IT3! aTR
3.4 SR HRAS (Bearing Materials) 31T B fihrom=an fohar o HimHeRa fThave
HH HIOGTS! AT AS AT JUIE HRUTMTS! dToRS SITdTd. S3RIra! arRuard Jom=at
HeaHe I XY, THURIYE T (Wear Resitance) 31101 HHT fTFaRM g TUILH 30T 3Ta=ad
3T
A) T3¢ Heed (fe-amerfia arfye dea)
NS ST
- &4 (sn): 80-90%
« 3T (Sb): 5-15%
« HIWR (Cu): 3-7%
- TS (Ph): PTalacs] HH! JHTUNT A
'{IUTQI'F:I:
1. HH IY0T:; SR YU IR I HH! Bid.
2. I TSl (Embeddability): Y SATOT AT 0T MY YUGTT! &,
3. JUH BIBMEERIE (Conformability): UMUCHE ®Tal gdbidl MARAHE ™A O_l o
TSoRe
4. IPY ToRIYD: THC dIAaRUNdG! [CPhTS.
5. WU Ul Aoigq: dle Yuardt &Hdl d fThar Jimmed -9 ddd
SUANT:
. calia SfOT $or 3
. SffereTsd Siom 3 (hapamue 3nfir HHRmTe S31fe)
. 3N dramidta seifg
Ied AP HICE ST
. T SIS JeiTy
B) URY UeWw QISR  (Porous Self-Lubricating) ¥R - g1 I3 ORY (@fwsg)
(porous) HeaH! SHacd GdTd, ST 3M1d Wd: gfsidhe AEGA dddrd 0T HTIRIE GI=H
g8 d Hledld. A i dT8l dfeib Rt TR ANTd ATgl.
qTIRUATd QU AT
1. s sigr: URY a1 3l Haifidh aTaRa SiunsT .
2. PIRD g Aless STIUINITS! ITURT ST
3. Gy uerd (PTRE-snutRRd): Aea=ar Humht Aueda uifemR, o fewrguun afor
SRR
'{IUT?F‘I:
1. Wd: JfIbIE HRUIR: A1 SIS W92 GRY G qAbR- Jrevar &l
3.
2. ! T fIRRUM=T YT et gofor gid.
3. I YR &HdT: § 93T 98 UR g+ & .

O s W N R
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4. TTORIY®: Tgol TioTd ATgid 3T <redhies fedhdra.

5. faR IR T: Wah: b Heargs 3w fehrs.
ST
.3l . HHRTIE STV HHAMICHTS] o7 eth FSTHI HAI0T 3.

. B4l (S18) ARY: WU SO §iYdhr JHe aTar.

. g4l IUHRUN: STgTelred sforaed, ford) urita Thid Jfadh= 3.

. foum e 5o, ToTeq 3nfoT HHt RIUTE ARTOMR HFT SHAUITRITA!,

31 3T DT FUBRU: WSl ATTAD e [SHIUT JRIET aToR,

3.5 UTa8Y RSl (Powder Metallurgy)- UTdsx Aol o1 U UfhaT 3Mg, Sl Heal
qIaS] AR S YT U GOR ol STdrd. I1 Uiehdd Heer=ar Ude el BT (compress)
P& §Al a1 HTHR el Srar o1 dav 1 YT araga (RiefR) (sintering) & 9%
S fdedT ST

UTasY Acasir BIe:

1. PR MHR JIR B (Complex Shapes): SAX URTNG UG-l DHolul UM

2. DUl AUTT  (Less Waste): IIHd SdPbrd dhodl Al ATURAl SIdl, ATges It

3oy HHI gl
3. 3 IRRR (High Accuracy): TR el YT Ad b URATUNE 3RdTd, A
3ffafed AR RS %+t 8.

4. T JHUMR IdGAN! fhhraaeik (Cost-Effective for Mass Production): e
G- HIT JOR HRUARITS! 51 UiehaT [ hraaeiR g

5. foy ‘IUT?F:IT?ﬁ fAas (Tailored Properties): BrEaE| 1%2[, HEER RIS gumﬁ
JHTARIDH ATIR FHIASI Rl AdTa.

6. T IRIRIE (Controlled Porosity): 3/dd SRI® fd% 3T HIT dOR &Rl Idid, of
MSUATAT (filters) fdhaTl AfTHRAT (self-lubricating) TeH NI SUYE ST

7. $ordl §9d (Energy Efficient): TRUR® IdTG- Uichaiaen &H! SHoll aTaRe Sid.

8. HH! giFe Uitk (Minimal Machining): daR giTeiel HIT ffafad AR Hruart e
USd gl

9. fafay Aea snfor srag Trdt 3UYdd (Wide Material Range): fafay ueR= dea Snfon
3dfa rdt g1 ufehar araRdl I,

10. UfohdT (Eco-Friendly): R SIf0r ol TR HHT Hﬂ@'ﬂf@' PO CRYIES|

SRE]

oA~ W N e

1TITTJIGT'J?IiFITrﬁT(Powder Metallurgy - PM) ?IITWQ'\'ET:
1. dd a8 YNTRTET SUged (Small Parts Only): H13UT HTHRTAT HATITST A1 ATg!.
2. Hefaa=ar wafel (Material Restrictions): T4 Aed UlaeR WU Ygo JUAsY Bid AT8Id
fhaT HTe™ .
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R 31fere T (High Setup Cost): SUBROI TIOT ATl HEFT SRIATd, ATHes Jodldiral
T ST 3.

ORIRYET U/ (Porosity Problems): TR HITHY J&H & 3R Ydhdld, o il WY
SHH HE Qehdld.

HH TY (Lower Strength): TR fdhdT BRI UG-t Saciedl HITgdd! didha
T

sifafad ufdar siraas (Extra Processing Needed): Pral HITHT ffafad wfsbar, Y B
A=A, HRIEE AR A,

P! Aefid T6-3dR (Quality Variations): HeadT qrag<adl 1IUI?:|?I_OIT 3ifad Iargrt
T[UTeRT Sfacig 3.

3@igd YT (Alloy Challenges): PTa! 3T UTASR WAXUTd dOR HRU ST 3 fdodT
PM TfhaITdT IR AT,

Tas: AcasiT (Powder Metallurgy - PM) o SUTNT:

1.

JffcHasd IEN (Automotive Industry): Shord fTer, g, onftr e @R
HUGTS!, TNUT HH! HIUATATST aiTavTead] aTe HITHE TR SuIR faseifii,
TSRIUY (Aerospace): 8dd 30T IA-dTdhard HRT S B cdigd <igd, [er, afor
TRTATHD HIT.

SAFCIHRT (Electronics): CIAWHIHY, S8aey, ST RAS] ITURUAT JUIRT HAfeH
T,

4. 3fENMS & (Industrial Tools): fCHTSHTON T STHT MALTD SRITT BT e,
foed, SO SISl TR HRUTATS!.
5. JEDIT & (Medical): JiedTe YR 30T ST U T3] SIS -aHaRS Hed-!
Sacd SR
6. 1[e JUHI (Home Appliances): e MGy, ﬁr&ﬁ, 3o ER'ﬂ?ﬁ sﬁﬁﬁjﬁﬁ
SUSRHLT BIC HIT.
7. BISASR (Hardware): ThTRe-TY, B, 0T HU TIRE BT N TR HRUAMNTG!,
UTas Aeasit (PM) ITSt gayd ufehan
Ulds 3dla (Powder Production):
1) UIG8R TR HR0: Heddl fdyed Huiaed Fuidd HRuara! TSIHSIRMA (Atomization),

UEFST (Grinding), fdhar HfHma RSaRM (Chemical Reduction) TTIRTAT TGl aTdRed

SITdTd. Aed=dT fed HRTHT 9ot U di-l SRip hed Ulder diR bl Sld.
a) SICIHISIRM (Atomization): fddesdd Hed I URRA 19 fdhar Urodm=n aiR & a8
JFiHL AR 9Tl g Ud TR 8IS foed Hedadl UlasHed JUidiNd gidld.
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O+«
pressure
source

<«chamber

(Image Courtesy - The Metal Powder Industries Federation)

b) Ah e d BT (Mechanical Crushing): Jifere Hed UdbfHed Ugdinl oy fob fafei (Milling)
fohar ST (Grinding) H& TRI® UIdSHA deadl SiTdl.

2) forfeRiT far sAfET (Mixing or Blending): Aea! UrdeR SR Udfg (G &t deide,
3fdrg) firaesel SId. 9 drdexdl UHAYUul died! Ml Sifad uisdean furemiaes
YR gl

3) BIATERIT (Compacting): TH¥T TIgeR Ir=ATd (M) HR STd 311101 I YRR e .
AU T YU Aifers Saeidl 9o Jreamel bR SRl U 9aR gidl drar " are”
3 U

Load
oa Lﬁ d
Relatively Fully
POWde‘r\. pressed pres%e
—
Sintering
Heat

{

Fig. 3.2
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4) Riefar (Sintering): " g1 H@H TRY &l GT(-ﬁ, qur Aede f[adauara (Melting Point)
AT ST AMUHMER TRY Hdl STd). IS UMaeR HU ThADHT fadbedrd 3fl te
HoIgd, 9 O1C. dOR g,

5) m@wﬁmsﬁﬁm (Sizing or Impregnation):

TRATST: SR 3MaRTS 3 ¥d, R RICRIHaR YR 6T URR fGar Srdl siuide daramyq s
3efhell 5T

s'ﬂﬁﬁlfﬂz T U AT URIRYE (Porosity) fhar e @'@%QF[ (Self-Lubrication) AHTdRgd 31T%'
AW 3fisd T ¥eiF (Resin) HRUATd Ad, ST i SHrferdr dred.

Up Punch

Down Punch

Sizing

Fig. 3.3
rafsiT

(Courtesy - powdermetallurgy.com)

6) reroft 3for aureoft (Testing and Inspection): 3ifaH TG HoR el sfor quron
Bl ST, T Y (Strength), SRICT (Density), TN SAR TOTYH TS HHUIIAR 3ed
P ATE!, § JUNS Id. g SIHRM df dUrUT (Dimensional Checks), Adb A& d SRET
(Mechanical Testing), 0T Y SFATe (Surface Analysis) TTT AT 3.

.- 9

Metal Powders + Lubricants

Mixing

% ,BNJ] =y _Remove Lubricants Particie Fusion Mumn_a‘yn )
3 ;‘; -
Sintering
Tooling -
Compacting
Fig. 3.4

Powder Metallurgy Process
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Exercise:

TLO 3.1 e aid fsrerq Sfor Sfegfafam frsrerqa Tures Sfifor Sy 9ui o1, (Describe

the properties and applications of the given copper alloy & aluminium alloy.)
1. Following is NOT a characteristic of non-ferrous metals.

A) Corrosion resistance

B) High electrical conductivity

C) Magnetic properties

D) Lightweight

Answer: C) Magnetic properties

2. Copper widely used in electrical wiring because ...............
A) It has high density and strength

B) It is non-magnetic and lightweight

C) It has excellent electrical conductivity

D) It reacts quickly with oxygen and sulfur

Answer: C) It has excellent electrical conductivity

3 is the primary element added to copper to form brass?
A) Tin

B) Zinc

C) Nickel

D) Phosphorus
Answer: B) Zinc
R is improved in phosphor bronze due to the addition of phosphorus.
A) Electrical conductivity

B) Hardness and wear resistance

C) Density

D) Malleability
Answer: B) Hardness and wear resistance

S i is a typical composition of Gun Metal.
A) 88% Copper, 10% Tin, 2% Zinc

B) 70% Copper, 30% Zinc

C) 80% Copper, 20% Aluminium

D) 95% Copper, 5% Lead
Answer: A) 88% Copper, 10% Tin, 2% Zinc

TLO 3.2 WWW@W?{[ 3rfor &ITJ’C@'JTGUT:[W (Describe the properties and

applications of the given bearing material)

Lo, is a primary component in white metals (tin-based Babbitt metal).
A) Copper (Cu)

B) Tin (Sn)

C) Lead (Pb)

D) Zinc (Zn)

Answer: B) Tin (Sn)
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2. Porous self-lubricating bearings are mainly characterized by................
A) Require external lubrication
B) High friction
C) Release their own lubrication from tiny pores
D) Low load capacity
Answer : C) Release their own lubrication from tiny pores
3o is used for porous self-lubricating bearings.
A) Sintered bronze
B) Stainless steel
C) Aluminium alloy
D) Carbon fibre
Answer : C) Aluminium alloy
4.l is the chemical composition range of tin (Sn) in white metals (tin-based Babbitt metal).
A) 70-80%
B) 80-90%
C) 50-60%
D) 90-100%
Answer: B) 80-90%
5. - makes porous self-lubricating bearings ideal for applications in harsh environments like
marine engines?
A) They are light in weight
B) They require external lubrication
C) They are corrosion-resistant and provide their own lubrication
D) They have high electrical conductivity
Answer : C) They are corrosion-resistant and provide their own lubrication

TLO 3.3 FAfy sramarmandt Teiftrd R-dRd St areh fasT Snfor O =it WeieHRur 2.

(Select relevant non-ferrous material for the specified application with justification.)
| P is the main application of Muntz Metal?

A) Shipbuilding

B) Electrical Wiring

C) Plumbing

D) Jewellery

Answer : A) Shipbuilding

2 alloys is used in kitchen utensils such as pressure cookers and pans.
A) Duralumin

B) Hindalium

C) Muntz Metal

D) Gun Metal

Answer: B) Hindalium

3. White metals (Tin-based Babbitt Metal) are commonly used in .............

A) Electrical wiring

B) Bearings in steam turbines and engines

Maharashtra State Board of Technical Education 42



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

C) Coins and Medals

D) Jewellery
Answer : B) Bearings in steam turbines and engines
4. In...ooiiiii Duralumin most commonly used.

. A) Aerospace Industry
B) Electronics Industry

C) Medical Industry

D) Textile Industry

Answer : A) Aerospace Industry

S is a non-ferrous metal most commonly used in aircraft construction due to its light
weight and strength?

. A) Aluminium

B) Copper

C) Zinc

D) Lead

Answer: A) Aluminium

TLO 3.4 fafay uraer Idre ufchar Ty &1, (Explain various powder manufacturing processes.)
1. The purpose of the sintering step in powder metallurgy isto ...................
A) Produce the metal powder
B) Compress the powder into a mold
C) Bond the powder particles into a solid part
D) Inspect the final part for quality
Answer : C) Bond the powder particles into a solid part
2. The atomization process in Powder Metallurgy................

A) Molten metal is sprayed into tiny droplets using high-pressure gas or water
B) Solid metal is ground into fine powder by mechanical means

C) Metal powder is mixed with other materials for better properties

D) The compacted powder is heated to solidify the part

Answer : A) Molten metal is sprayed into tiny droplets using high-pressure gas or water
3. The purpose of compacting in the Powder Metallurgy process is to

A) Heat the metal powder

B) Mix the powder with lubricants

C) Form the powder into a "green" part by compressing it

D) Impregnate the part with oil or resin

Answer: C) Form the powder into a "green" part by compressing it

4. Powder Metallurgy (PM) is particularly effective for ............... parts.

A) Large and heavy

B) Complex shapes

C) Only parts requiring extreme strength

D) Requiring high heat resistance

Answer : B) Complex shapes

Maharashtra State Board of Technical Education 43



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

S methods is used for producing metal powder in Powder Metallurgy.
A) Atomization

B) Sand casting

C) Injection molding

D) Arc welding

Answer : A) Atomization
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Unit 4 Non-Metallic Materials & Advanced Materials
Ar-Acfae wefvered 3for Tearas wefverea
®RI gRUMH-4 (Course Outcomes-4): RIS TR Hafd TR-41q 30T W
it fAaer. (Select relevant non-metallic & advanced material for the engineering application.)

TLO 4.1 fEciean o=, oree 30T SrIuraTi=ar MU T ST aref-4q Tciedn wdaeRa

thidh Y H. (Distinguish between metallic and non-metallic materials on the basis of
given composition, properties and applications.)

TLO 4.2 fedear srarre! d&fid TR-u1q et Fasr it I <arRiTa SasiaRor 1.

(Choose relevant non-metallic material for the given job with justication.)

TLO 4.3 fedean srafard) gefa dftry ameht fRasT nfor @r <amraeiTd WyteRor =1, Select

relevant composite material for the given job with justication.)

TLO 4.4 faciear srafrdt Faftrd uardt Sraeh gadT S1foT O =ara™iiTd S0 . (Suggest

relevant alternative materials for the given job with justification.)

4.1 UieEike HeRad - difeR © HI¢ XU 31drd, of JN™AMGRAl GARIGe gIom=m
U "3fHE" IO TR WU "HUIT" I1 YeGUNH daR el 31T, i qguadt
SUAfages, uiferRar arR fafgy Iemimed o @ Ubiom, sffamifes, wWRaw,
A e ST SIaaed g SIYANTHIGYT YHTUMGR &l Sl

4.1.1 Uifer R FEffevur-uiferRd fafay Fewiar smuta diedr TATOMeR affexur ordl s,
b

1. ST STYRTAR (On the basis of Origin)

a. AGRf® IR (Natural Polymers): 9fiie AAURA fH@UR difeR o &t IR,
B GISRCIRES

b. PAT TUIRHR (Synthetic Polymers): AFGMHT TR o UFRIASRMGR dOR od

2. TXFAT STYRTAR (On the basis of Structure)

a. WA= UTfeT®R (Linear Polymers): HIFIAR YRS RAG] WA GUR .

b. RMRATYERI UITTHR (Branched Polymers): TR TRIGS Il SIS cled STl IRAT ST,

c. WIg-feids TR (Cross-linked Polymers): TRER SIgcied! UIfeHR TRIe AT TR
ST SITEHTIRET AT TR B,

3. W]?I?IITU‘J-W (On the basis of Behaviour Under Heat)

a. YHTATREST (Thermoplastics): TRH PHedIaR TS, BIATd ST YT AR BT HAI
b. YHTATET WIfEERT (Thermosetting Plastics): Thal TRH HeUTdR HTIHWGEU! HAI0]
BIATd IO 5T SMTHR daadl Ud ATe! 3al. dballse, SUla XM,

4.1.2 UiferaR=an afkreed-utferRued et fafRry qorent sradTd, somges o fafay emimed Suarht
oxdId:

1. §A® 3 I dHd (Lightweight and High Strength).
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2. TIoRIY® 30T I UfcRIYS (Corrosion and Chemical Resistance).
3. iacggd d 3WIdI sr»{j,a-‘llﬂ IIUT?ﬂf[ (Electrical and Thermal Insulation).
4. aferendr 3MfOT fehTSH T (Flexibility and Durability).

4.1.3 YT e, YT wrReeT for e urent snfor SuahT

1. YHTEATREST (Thermoplastics) -YHERead g 3 Terd 3ed & TRH dHedTdR 73 gidld
30T U TR B3I BldlTd, TS i1 Gral 8T MR Gl Adl.

'{[UT%IfI (Properties):
1. TRE HAdR T3, gidrd 30T U Tedrar Y1 H3101 gIdTd (81 UishdT 3¢ il Ad).
2. 3% I3 T HIHR <al Al AT01 e Hral dl,
3. I@¥ fagga 3MfoT IWTT SR TOIH ST,
4, feo1s, gad 301 THIT-UleRIU® (Impact-resistant) SIdId.
5
6

. PIo! A%y Alecg cade fagTa (Soluble) ST,
. TRY H- dc8 fdhar drs FHar gdid.
SUGRT (Uses):
1. WRee fURTeT, STeed 1ol dhe-Rue.
2. URW, faqyd 3gaeH 3nfdr dere g Sgfamen,
3. UobloltT i, fewasiad &u Sfir 3gaixm-a .
4
5

. Rasan anftr fswed Ueeme.
. TIIoRd, 931, GRY st aaHaH e,
2. YATAFET WTREET (Thermosetting Plastics)- YA WIfead § 3 Uerd 3fied of Tdwhar
TR IO AT HeTaR BRI Holul glard SOl T G8T STHR adl Ad -ATgl.
'ﬁUT%ITf (Properties):
1. AT TRY HRGrT IO RS Ufchd-cR H1IH Holul gidrd.
q-gT fadesadr fdhar e oHvar ad Argl.
I IWTT HfcRieandT 31 URHATOMES fRURAT (Dimensional Stability) 31,
Tolgd, Polur AT NS esed UfaRied SRIdTd.
. YATATRETT ga-id [6e (Brittle) SR
G'Q'Cﬁ'lT(Uses):
. Torere uerd (Adhesives), diféwT sffor ﬁ?ﬂﬂ%ﬁﬂﬁ?ﬁqfﬁ
. Taggd Ra=, g Sl TWaUIGeRKIa Hisaid.
5. dIdhel [adbe gard (Wood Adhesives) 0T ﬁ?ﬂﬂﬁv‘%ﬁﬂ?ﬁ
3. YdX (Rubbers)
IR § & ddfasd yard offg o A9fife oftt $iHw WeuM siiesd. I dafadsdT,
fewruun Sftr uroft g e UfdeRemdg® d SficHeRd, Jed axq, Sfr fafay
SETTH HIGAT THTUMGR aToRa ST,

oW oN

O O
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'{[UT%IfI (Properties):

oA W N P

I ddfdddl (Elasticity) 30T ddfIavdl (Flexibility).

AT UHTG (Impact) 3TOT U UfdehR (Vibration Resistance).

STRIYH (Waterproof) 3T I GesedT UfcRies® (Chemical Resistant).
Ffife (Natural) fdar ?ﬁﬂ (Synthetic) &ﬁﬂﬁ.

ToTed! HTfOT [EhTSH U ATGIUITS deh-TISIR (Feth Uishar) Sl Ad.

SUANT (Uses):

1. TR, &g, g T e uerufaed,

2. Tid, e, TR 1 g1y Wieeaqe,
4.1.4 YATEATRERT STIOT YHATET wrfedd
. YHTATRERT YT (Types of Thermoplastics):

1
1
2

3.
4. TICIRETAR (Polystyrene)
5. 1?ﬁl?ﬁﬁﬁﬁei'c'(Polycarbonate)
6. Sffehiciad (Acrylic)

7.

8. Udlug (Acrylonitrile Butadiene Styrene - ABS)
. YU wReaTd UoR (Types of Thermosetting Plastics):

N P DN

TicAe (Polyethylene)
Uicifeie (Polypropylene)

NS

CINIERIEN dﬂ\lﬁlés (Polyvinyl Chloride - PVC)

TG (Nylon)

@WW (Epoxy Resin)
CEENERSE] (Phenolic Resin - Bakelite)

3. DIQ’1I‘-II$“| LpTJ-qu\s5|$5 (Melamine Formaldehyde)

4

g1 BiHcE8TSS (Urea Formaldehyde)

5. QIlaQEQW(Ponester Resin)
6. TafIi- XS (Silicone Resin)

7

tﬁ?ﬂ?ﬁﬂ:{ (Polyurethane)

4.2 fafay g whfkewTd oreH Sfor IuaiT
4.2.1. W (Acrylonitrile Butadiene Styrene - ABS)
'{IUT%I'ﬁ (Characteristics):

1.

ok~

HoIgd STOT TUTT-UFARIYS — I UHTd UidbRRIed! 3reiar 30T qund d S{Terd
T HRUTN &,

IH IS YFABRRIRI — 3175, el ST 3o giardra! UfaRIy®.

AT TR B0 FIY — SolaR TcSTgR gl Ufohar ol Ud.

S TUD ST IPHT B IBY - YicdTH@H e MBS VNS A1,

S faggd S=IT ure - gelaciFe IUPRUTHE Iuge.

SUART (Uses):

1.

UTEP TG — YRETHD gCHC, WU, TN TR FUBRL,
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2. STCIHIEISd HIT - SXETS, TR,
3. S SUBRU - TS By, e oftT gafaesma Tear.
4. AP IUDTO! — TRATHAT ATeH 10T Holgd HegR Sael JUBHR.

4.2.2. 3TRTAD (Acrylic)
1'[UT%I1-£| (Characteristics):
1. URSRI® 3101 gevary UfeRIY® — 3 W¥ade, Il Taid GUH aToRd S
2. gATHT-UfaRTY® — gog] fRRR 31101 Jgar ufeRiees, STel AR i,
3. AP (Lightweight) - ST §eich SRYTET, TR SiffYehet TurerH SR
4. gAY gferar for M — YgSusl dhe, MTHR 30T UrferRy Hrdl Id.
B'CITﬁ"T(Uses):
1. ATHA ST - oY, RIS oniftT WrarRe.
2. SIIfe=Td ATOT HISEIS - dsc Sid, UHIRId Had, 3 feva U a.
3. SIS e - PR geaRcy, cadlscy, 3T Arfia Raga.
4. AicdUaTe_ I — T, HieR TN ORI Folae.

4.2.3. A (Nylon)

'ﬂ'UT?l'Ff (Characteristics):
1. 3= 9 STfoT fewhrasuvn - avur 9 Rie UfeRiees, ST STt arg.
2. I Aafadr SATOT HURERYN - T 9 dafddhdaed 309 Tga U Hd.
3. YA nfor d ufeRtys - sifdmifess snfdr Sienfiies ardraRund aa srd

GG

4. BTANEDINIS — 3QTAT NV, ST e uiemfaR fohfrd alkoms 813 .
5. W ST YAB R — G99 dYH Juitd IiTd S HRd.

B'Cl'fﬂ'lT(Uses):
1. BTIS ITYNT - DTS, GIoRT T HTUC.
2. 3ifeifess - Mo, 93, guq Urgw, SMfoT EfSareiia gc.
3. QifA® HRT - RIS, 3R, 3NfoT faggd F-de.
4. 3NNAIP IATGA - F-AR e, TRWYS, SHTOT ST,

4.2.4. faAI189 (Polyvinyl Chloride - PVC)

'ﬁUT%IfI (Characteristics):
1. Sg3uantt onfor frwraasik - dafud st H310T 31 gigl Ta=uTd Juds.
2. THTAf-S ST gATH UfaRIHU® it SRS, HiHe e U §aHM S
ERNRCIGEIRESIEGE
3. g faggd =gz quredd — Il onftr dad SifdTael Iuhn.
4. HIgd ATOT TS, - 0T UicRIe®, TR HH! AMIEMId (645 g1 b,
5. HI SATATITs! (Low Flammability) — ST @l ¥ 3fTedTar Wd: fagrr.

B'q?ﬂ"T(Uses):
1. uTswy 3for fisfewst - arofigrast, Riw= gomen, 3ifor faggd arfg.
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2. U - faarsd ers e, fermiferam, sifor dafues weiif.
3. UdbfoliT - STeedl, de-R, 3T feaifes,
4.  PUS AT BIHARRT - Hdie, SMugied!, T ure=T,

4.2.5. qw‘mlés'\q TUTRIT X319 (Epoxy Resins)

1'[UT%I1-£| (Characteristics):
HoIgd AR 30T §E &HdT - Ho 10 UgIiaR SWid S P §8H UaH Hd.

fewTas SO HUrER - IHT gyl UfeRiue ST Tard UfoRie®.
S faggd s=gare ored - faggd SruRNTRTet A g aroRe S,

o > w D eE

SIS, Q.
SUGRT (Uses):

T d SiomTST SRS (313317)

I IS ATOT ITdT YfaRIU® — 3= argHT S1fO1 ITT=aT Hudhide! BIie.

TESTANT (Versatile) — e, gre-14, ST SifSfegavig Saxa@mdIaR JuIkd &d

1. fsefie T wifdrsr - siymm 3Nl IareAMNS! Hogd e, Ui d HichieHro!

TREUITHD DI,
2. ZAGEIH - Gihe se, g ife oy T,
3. HUIHEH - TIRIGY AT ffciAifc R Uchiarad! Aogaiaor Jrd.
4. YD IUBV — S fhieret, HHT sraua 3nfdr IRAfHIATS JuHR.
4.2.6. ﬁmﬁ?mﬁg (Melamine Formaldehyde)
ﬂ'UTEIfI (Characteristics):
1. S 30T FEP (Hard and Rigid) — 3dd fehTS, S0 whd HicRiee®.
2. STl UfeRIU® — I dGHMIdG! W&y 9 a1 e ddd.
3. fawgaa (Non-toxic) — 3fa-Haiferd SrIuATTST YRI&.
4. ¥ faggd SIoteR - faggd gusp Tured Sraad.
5. FRTA IS YRS — ST, 907 101 Tt UfoRIe®.
B'Cl'fﬂ'lT(Uses):
1. AR - HATHRA Wiy, dredT, 3101 &4.
2. WM - fiad HIdcxei™ U BiHERATE! S=-ad ShRfce di-ey.
3. fagga uew - =9, Fidcy, i1 3~ga== I,
4. TIUUTHERTIIA HiST - BT TS, T, 301 SR WHATH RIS SUBRUI,

4.2.7. ShaTge: fthIfere IS (Bakelite: Phenolic Resin)

'ﬁUT%IfI (Characteristics):
I IWAT UfeRIYHar — 3 d9qHId fadpd = giar fcgpH 8.

HSD ST SIGd — Ha 107 3107 [ThT3y, TR Bl 6o 3RY Wahdl.
TETAfP UfeRISSdT - 3, el 30T Hiecg cadTo! UfaRIe®.

WWWW(NW -conductive) — sf{;m-%HHIOI 3 d Y.
B‘q?ﬁ'lT (Uses):

ok~ w0
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. fagga gew - [a<y, @iy, it didhey.

. Sffervifess HIT - feR Aisy, fefesger o, onfir gee.

. B[ SATGH — WAUIGERIAT HiSH, geed 3Nf0T Iwrdl UfeRied ITa.

. SN ST - S3ifiT, g, it faggd s~gaier.

4.3 ITF (Rubbers)-IsR g T Al (Elastic)-UIerANSG TTfecd 3Mg o Tl dafadsdl AT
feprsuuges fafay IRl GiddT YHTUMGR TR Sild.
T TATS UPHIR:
1. e (Neoprene)

2. YCISIY (Butadiene)
3. -l (Buna)
4. W(Silicone)
4.3.1 fenfi= (Polychloroprene)
'{IUTQI'F:I:
. GURe® ST Aafeddr A aid JaReic! 0T Holgd aivTelt 3.
IH AT UFABR: STRISTH IO FAMHHTEeS SIUM=AT YRR TR&UT,
AT WAl AP R: -40°C o 120°C ATUHFI IRTeH BRI,
faurY Trde 3nfor Q9 dESIa MU /-Hafd SuanTare! JRIEE.
ST
1. deyge 3o STfeE iR grogrdia arRmnd arg.
2. Sficimifess W dbey, Sii-Rwy anfdr Teaiaed aTRa S,
3. Tawe uerd onfor Sifdw: SRy 3NflT Werd ifcomed IR S,
4. fagqa gu® GIATM): IRT 30T Had SYARAHIS! IR ST,
4.3.2 HCTSTI ¥dX (Butadiene Rubber - BR)
'ﬁUT%ITf:
I Aafaddr: HH dHHds! Iy dafadbdl UaH .
. qguT (Abrasion) UfeRIY®: fewreuun Mo Srafge T=mT.
. T AT UfaRIY: TR IdTGAN™ ! IUga.
. gAY UfehaT: TS av1die Ufhdd TUiaid ol Ad.
. DU SO UfddR: I dIaHId RRET ST 3.
SUYRT:
1. TR TRR SdTGATHE HigdT FHTUMGR aToRe S,
2. UTGATU!: §c, TWd, S0 JraHed aruRa S,
3. e 3nfor e w: fficmaTsa ST Sl &=1d aTRd S,
4, TS ATOT Ug: AEISH U AT NG T 110! Suga.
4.3.3 T ¥R (Nitrile Rubber - NBR)
'ﬁUT%I'Ff:
1. oa T gee ufaRte: ad, W it Seradt 3= ufoRiy.

A W0 DN -

I

oA W N R

Maharashtra State Board of Technical Education 50



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

2. IPY ATYYT YfaRIeU®: Sddbies fewmum SHflT ouor I8 Hui.

3. W dATIHT UfA®TR: -40°C d 120°C AYHMIT HAEH.

4. 3<IH a{eguﬁw (Tear Strength): SIS IR fehrs.

5. HYifed garHT AT 3isn=T ufdeR: v fhvor 3for sngimardt &t ufeRiu.
SUGNT:

1. fferHIfesg HIT: -7, TTepcd, S ToaT TIUT Wi,

2. Sftenfire e srasiae st grfes ARARNTS arRd S,

3. dEPIG BIaHIS: JAH-URIY® AfSeHd Talegerded aTuRd ST,

4. <TOI 3MfOT e d: sifeiifeeg SfoT SieNfites &=Td HiaaT YHTOER aTuRd ST,

4.3.4 Rforp IR (Silicone Rubber)

'{IUTQI'F:I:

1. 3 dIYH Ufd®R: -55°C o 300°C ATIHHTT HrRI&H.

2. IPY AarIBAT AT RBTHUV: 3d Aafadh MO BT [Chrs.

3. ¥ fagygd us (3gazM): faggd gcaivra! aiad ua.

4. IrETAf® AT UV UFRIY: SIS, UV faerol, ST IRRTaT Siid UieRIU.
5. ST (Biocompatibility): I TN 3-Ta T STARTTS! YRIA.
SUGHT:

. ATPIY IUSHTO: dEDH T USR], SR 3{TOT egfeTHed aTRe S,

mm SHASR, W 3101 WAUIH I A,

ﬁg‘gﬂwz Had errriﬁT saor;‘lﬁqo TCHh NITST SR,

Wesuft YT SreiaTdt IureA: JRfEdar S dafdags URIeRR offor difd

e aToRe .

4.4 Rfrew (Ceramics) - Ry 7 sifdw (inorganic) 3for iﬂ@ﬁ?‘%ﬁ (non-metallic) gard
3{Ted, Sf AT, Wiot SfoT 3T Fean Uerdfd I arudMId Ui dOR ddl SfTdTd. § &
U@ USRS fAUNTe STTaTd: TRuRe RRFEa for oera Rfe.

4.4.1 SfE=a RIS (Traditional Ceramics) -8 "Nfiid AT AT WHASTIRET @R od
STATd SATTOT YT §iYhTH d FolladI=al aigHed auRe ST,
1. HrdeaT R (Clay Ceramics): T9fd ARMUREA sHad STdTd, J&d: faer sfor
TSI ATuRd SiTdTd.
2. UM (Porcelain): 3 ATUHMIAGR HISH IR dhald T dIRIdD, 3efURGRI% Ry,
S e St Figurard! siawd SiTd (IaT. His!, Toad =1 ax)).
3. faer anfor erged (Bricks and Tiles): SWTAT YgH HRUTATAT &HdHeS 1101 ITH YR
o5 SiYehTH &ATd HISUT YHTUMER TR ST,
4.4.2 WiTd RIFIST (Advanced Ceramics)- 8 faRIY Ie-md! fgiF®! dw@iar sema
e RId drel STTaTd SM1foT URuR® RRaTUeT 3ifere wrie SRydTd.
1. 9r-RRFIET (Bio Ceramics): JEPHII IUBUTHL, T P 30 Rwigde, da Jgur
(Dental Implants) JTITAT ATART ST,

g A W N P
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2. ﬁ?ﬁ%ﬁ@ﬁf Rrforeg (Piezoelectric Ceramics): B IIECRACRTASIES] ﬁ‘c{ﬂﬂ ot Ao
AN, TR, SFegued] 3T e SUSHROTHE TR SITdTd.

3. WT e (Superconducting Ceramics): 3o-daITHTAT &ATd S BT MRI
TR 3101 HUT YaTTh A (Particle Accelerators) TR ST,

4. Agad R (Composite Ceramics): 41q fdar UiferaR=an GaieHM TOR od ST,
W i Telgdt SATfoT fehryun aredl.

Ryeferea urert (Properties of Ceramics): HATUTTUN (Hardness): R g sfcdd walur

30T freTufaRiere ST,

1. foed™ ¥ (Brittleness): d T8 ¢ Advdld, YT i1 [t Ad T,

2. ¥ faqesvarar fag (High Melting Points): 3 dT0HM T8+ & Rdbdld 0T it
T g g,

3. fagyga =IO (Electrical Insulation): e & fdggd Warg = dBUR ST
IR WWUH IuART 3.

4. IrETAf® fRRET (Chemical Inertness): d ToRIYS AT SO dgddh IR
YRI& ST,

5. WB‘WHTW(LOW Thermal Expansion): JUTT TR MY BRI foR 8id
TR, WS AYHHTN 960 SIeTuaTd! &l 3.

RRfraT=m sua (Applications of Ceramics):

1. |IYPTH (Construction): faeT, Tge, Rifie, Sfor ¥Hest qeryAS.

2. EﬁH@TVﬁW(EIectronics): iaqu sr{i@Ic{, AN, Wg@w?ﬁ

3. TP & (Medical Field): HHH 8T8, S AT, 30T SRAGUTCTd SUBRUTHE.

4. 3N=NIF AR (Industrial Use): S-aTaHTT e, HicT ¢, ST ERH aréamed,

4.4.3 BTH (Glass) -Pd gl Uh URGRIP AT 3Tg St U™ RifereT (Silica) UREA SHacien

3d. <t TAd: Rasa, aTeedn Ml fPdhd SUSROMHAL aToRe Sid. HId HR (brittle)

3 STO1 Tt TSP Wbl

CIEE| '{[UT%rﬁ (Properties of Glasses):

1. URERIPdT (Transparency): HTd JHIG: URGRID 3R AT TH1RT Fgorqu! fer=argd
SIS Rehll.

2. DAY 3T {R (Hard and Brittle): &Td 63101 3R, YU ¢l STUTd AT TSl dS D
b,

3. INAA® UfASRIIGIT (Chemical Resistance): 3% IHIAAT UfdHR  HIOMI
A TR 2T SYHRUMHE qURel Sl

4. fagga SgAX (Electrical Insulator): ®Td I faggdd IaeR 318, WUH o faggd
JUDHRUMHH ARSIl

5. QWA UfdPBR (Thermal Resistance): ®Td T+ WAl TN 3d, T ST
AU SGaTos (thermal shock) < g RTdhd.

ST ITANT (Applications of Glasses):
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6.

Rasaar 3for 3MIR™ (Windows and Mirrors): SHRG d dle Jived Rasaaiamat Mfor
SRITTAT B AISIT THTUMAR JTURe ST,

YTl (Packaging): 3@ucrd, U8 fd IqRERITST dcedr, sRugl 3fd dHeR
SAUGTTAT aTaRall ST

3TPFd IUBUI (Optical Devices): 7, T, AIHRGIY 0T HH=gr=AT FHIRIST
ST el STl

TIRTRITST SUBRUI (Laboratory Equipment): SR, X Jd 3101 TelReh ATRIRE!
SUHU! D YRR s DHIdd Sda! SIdld.

TIEWI BpI 1T fawa (Smartphone Screens and Displays): €th~s dId (toughened
glass) TTCH AT BhI-TS! ATURE! STd, it et SHTfOT wha-UfeRiy® 3Rd.
WBIASIAT (Fiberglass): & IR, ASTGAIARU Ilfecd 30T SiUhTHRIST araRat
STd

4.4.4 ARRIYP tlaTQf (Refractories) SRS Terd g SUMRIYS (heat-resistant) ddld
30T I YA g IWIATETd (thermal shocks) T&- HRUANITS! fS3MET wad 3ard. o

fafaey sfefiier ufhaiare! aTRd SITar.
IRRIYS IET?-I'T% 'ﬂ'UT'EJTf (Properties of Refractories):

1.

3= faqevai® (High Melting Point): 8 TeTd 3= ATUH g4 HRUAMNITS! §-ad SITdTd
3TFOT o7, XA foba 3aR UG Ufehar samT aroRe Srara.

SWIARIYT (Thermal Insulation): § SP¥ SWARIYT UGH SHRald 0l S
Ufhaied IWrdT feh g Sauard Hed ®dld.

IEHAE UfdeRRIaR (Chemical Resistance): ERERNE YT, T 31107 IR I
ATIHT XRIATAREA 79 (corrosion) BIUART Wi R &hdTd.

TifA® A (Mechanical Strength): 3= AUHMG @I Gl ATHR fCH- g 9
dTuT g e X,

FHI IWTAT ATAHdl (Low Thermal Conductivity): S9TdT &H! BIUOY Had HRd 0T
I AU UTeh A Sroll BRI GURA.

3RYY® yeryfa U (Applications of Refractories):

[EN

Yl ATOT qIGHE (Furnaces and Kilns): ¥Id, e 3Mfr o= Idg Iamiae
YEAT=AT Tt T SRR (lining) T8V ATURa SITdTd.

gfRIfARER  (Incinerators): HORT HIRITANTS] IR SOMAT 3=
UGS SGINT Bl SiTelt, fSY I darad SHa=ded 3.

S B9 (Blast Furnaces): @8 9 WId IdIeATd, fIdadd d6s dOR HRUIMIA!
HE T 3Tdlel SRARTETAT JTuRe ST,

RIfr® Wgan (Ceramic Kilns): AT YIS, Tse ST RRAS a8 TR axaHT 3
ATIHTT S5 U1 HEATH S dTORd ST,

USIbPdA ST (Petrochemical Industry): R onftr Ucifermw Ideq
UichaHT3t I ATUH SUBRUITHE dToR ST,
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6. @T:’QER‘I%IT:IT 3T SraeR (Heat Exchangers and Boilers): 3= JIHHT BT HROM=T
SIgeR SHTFOr IWTdT fafTgen i=ar SRaRHTT IR ST,

4.5 HHISITgE (Composite Materials) -HHISTse WU g fdhar sifde e gerufe daom
HET TR Had! IR, S Wdd gehiH S Wdhd el RNt IHF OIYH U
HIUIITS! ST Heil S, 3= IHfived Wiics it BreR-vaferd T uard (fiber-
reinforced composites) YHd 3Ted.

4.5.1 AES HASIZE (Laminated Materials) -SHFcS HHISTSE Uald § 3Hd URIURA
qOR BIdId, S UHADAT shedd rdrd. a1 oRi=ar e fexiaed dquage i gifAd
AfRree gURE STard.

'ﬂ'UT?l'Ff (Properties):

1. 3= dIde-d-aeid ﬂ'UﬁT-I'{ (High Strength-to-Weight Ratio): e At Holdd
SRITE! e Sadr Id.

2. gredel fEBTSHUUN (Enhanced Durability): 3M® W AHS 7o, ol Sf0T
TR e T 31fedh UfddhRad SRd.

3. f&gmsT wafR®dar (Design Flexibility): Td® 4R diTaiedT ARfl 9 fe=iged dqd
ATEHATIR e YT el T,

SUART (Applications):

1. fqum= S (Aerospace): faamie dg 311for Qg WREITST AR Sid, SIoidh doi
DHH! g dTeh fCp BT,

2. qTe JUNT (Automotive): HRAT SI8T U HTMOT i UFTHS JRI&fTT MOT Se4
HIAEHA JURTANTS! AR Wil

3. §iYPME (Construction): WRIGS, WHHce a3 IR ITAHS U TR
HRUGMTS! TR ST

4. W IUBU (Sports Equipment): Tb1, HaTs, <A Ydhe TTRIRET WA Aligided
e ATOT dfiehdl aTgauaTTa! aTuRe Sild.

4.5.2 BrAeR-ydferd Ireh (Fiber-Reinforced Materials) “pHSR-Yefad IHY arEiHe
CIEE] (glass), HIa (carbon), fhar sRfirs (aramid) B QCEIC] ﬁﬁjﬂ e (3al.
S5 - resin) SdHd HA STATd, TS T T AfRrees uURdTd.

'ﬁUT%IfI (Properties):

1. 71 GfA®R (Corrosion Resistance): & Al RIS fagedr ufcRlud 3RId, AT
BT ATATERUITT SUGdd 3.

2. I faf¥ry ardpe SnfoT HSHYUM (High Specific Strength and Stiffness): aoi—T=dl
qad IPT AThG 30T HSHYUN U .

3. Y&®al Ufd®R (Fatigue Resistance): ddedl AIGTHS AT gid ATg!, TS SadHIes
feaa.

4. f&gimg @afr®dr (Design Versatility): BIERd UHR 9 3R TROTIR 39T Ad[d,
TS SIS OTHH 1 DRl T,
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SUIRT (Applications):

1.

2.

3.

4.

W ST (Aerospace): HTEH BRISR-YEfTd GIMR (CFRP) 8T @ Id-dTdha <]
fqm =T HITH S HISAT JHTOMER aToRd SiTdTd.

are I (Automotive): TART d Holgd Siel U4 30T IS YT TIR
PRUIMIST ATURA ST, ST BRI ST S8 Hriermar GUR.

NPT AT JHEL ATedqP (Marine): AIdhd Had MU S TR HIVANTST ATOR SITd],
HRUT g To-UfeRIYSD 30T S-dThdd 3R,

W& IJUHIUI (Sports Equipment): TaHa, e dad, 30T THRAT e TiREA
TfediAed BraeR-gaferd S HiadT GATONd SUANT ool STl BRIl gadb! ST
Toled 3.

4.6 W fYiF®! Ao (Advanced Engineering Materials) -UTd SfEifAe! Aeiad

BN FHCRI (Nanomaterials), T HeRad (Smart Materials), 3T SRS Ha
AR (Biomedical Materials), STt fafdel STTH it TSqT SHTUCH e, AT SATYAdH
it gddan faer fafqy &g Aifaaqul Iur Ue e erieddr, fewhraguon
3MTOT Tt GUROT B TS,

4.6.1 T NHSRAA (Nanomaterials) - TAHCNIT TGOS RB AR (TURUMG: 1 d 100 F-AHE)
Sfdes o YT BT
'{[UTEI'fI (Properties):

1.

qredd! aree 3MOT feBTHYUI (Enhanced Strength and Durability): T RIHE
J= d dldh ¢ (tensile strength) 3O HeH U (hardness) 3.

ﬁﬂTﬁH ﬁ?{g‘d d HUHT dTdddl (Improved Electrical and Thermal Conductivity):
TGS AT % TiTen [dggd 9 SWIdT aledhdl GRIdd, SATal SUTNT SAde -]
3101 ot &= Bl

oy yer=ity 1IUT‘EJ1=f (Unique Optical Properties): FAHcRa IRy UeRd udm
MYUT fohaT IO HRATd, S SHISHT AT AT dasTa Sugad 3.

ISPV AP BRIGHAT (Catalytic Efficiency): I JEHT-d-3H ORI (high
surface area-to-volume ratio) TR INAM® HHIHE THTE SORS BUH B
hdTd.

SUGRT (Applications):

1.

NYNUAR (Medlcme) AefaeaT IuAT Sfivy faarur yomeHed (drug delivery
systems) Pl STdll, TS dfedd SUAR (targeted therapy) X Blal 0T AZS hacy
CRINGIGH

SAGCIT (Electronics): T8 9 U® LM Faaci-d ged (SR CI-eReR ST
TR faB RId HRUARITST AR ST,

Solt &5 (Energy): TIHCRIRT dedt, RGURIER TOT TR T=fTe (solar cells) AR
ST, ST $oll ATaauT ST SR 3ifed Hried gid.
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4. qgiaRor FSIPIUT (Environmental Remediation): TNHCRI Gl GSYRT &ATTeS
groft 3101 g Ugld HIeUaRITST UHTdT 3RdTd.

4.6.2 TS AeRaeq (Smart Materials) Wﬁﬂ%ﬁfqﬁqw 3R YIS It <1 a1l
SN (external stimuli) — ST 199, &9, faggd fohar a1 &3, pH Urde!, fdhar s
— TifaTE SoTd ST Fafd UG SiTat ToureH Seerdrd.

'ﬂ'UT%lT:I (Properties):

1. HdeARIadT (Responsiveness): ¥TE HeRaw ARy IoHiAT Ufdg - ol
THR, T T SR T4 T v,

2. ARSI (Self-Healing): 18] WX HRIX Wa:dl GOl Hed ATl
TEHTATT AT [AYTEdd dle Had.

3. &Il YTGRUT (Energy Conversion): ®Tal ¥ ACRIE Tl WU Soll gl
WEUA FUdRd & Udhdld, S & Uisdidcd (piezoelectric) I Tife
O dtet fafor .

SUGRT (Applications):

1. 3iavTes IATOT AW &F (Aerospace): U THR 3(@id (Shape Memory Alloys) &
faHTI= Sfeaquey 31 =0T Yuieliaed ariRe SdTd, Sf dHEdd Sedin giadie
33 W PR Feq] AT,

2. dIYP™ 833[ (Construction): Y- fARANERUT FRUMR Bishie (Self-Healing Concrete) g
TC AR I S-ad S1d, S Heaed [3HIult Wa:g1 goxil de SR T
CIFCGE

3. BIUS ST (Textiles): TATC WIsia (Smart Fabrics) ATATERUMIER YT 9G] [T bl
fafRry afvfRidine ufaferar ¢ Tedra, SarT ITANT KB 31107 WREUTHS axaiaed
el ST

4. ARG J4T (Healthcare): UcITG&H MU (Responsive Materials) CEEARRCLERIEL]
ITORE! ST, St TRRTAT FRUAHAR 93 $HfAdh RME™AS SUAR GTd.

4.6.3 STOTATSH T AT (Biomedical Materials) -SMSHa AcRaed ot =it Ireh smg
Sff dgea IudNTaTe! fAwRid Helt SId. e ITANT WA (implants), $EA 399
(prosthetics), 3ATfOT ﬁqqgﬁrﬁuﬁﬂ (tlssue englneerlng) A HaAT WAl § HeRT Sfde
JUITe N Iad G ST FUH HISoigdad Hasd Sidld.

'{IUT%I'ﬁ (Properties):

1. ﬁawmm (Biocompatibility): ? Achad TR yaRIfUa (implant) HedTaR Hlddgcl
gfaferar fAafo exd g,

2. gifA® didg (Mechanical Strength): A9 SetuaTor (tissues) SARgh BIIEEY {'[UT?Jf[
A T, SOHE o THIIRIAT BT He AHald.

3. Safhar=iadr (Bioactivity): PTe! sRAfsHa AeRuw tRffen ardl amar 34

SHddb JTodlqY (tissue regeneration) Had b dld.
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4. TYSHEHAT (Degradability): PTa! AR desTHR IRRIA godges faufed gIoaradt
TR ol SITdTd, ST i1 TRATBAGIR BTG udre TR Agd ATal.

SUYRT (Applications):

1. SRR (Orthopaedics): TRICHTH (Titanium) 3for T &f%ﬁiﬂ@ (alloys) mﬂg@aﬁa
TIRIIUMEIST (joint replacements) TORA SITdTd, HRUT FiAT SOl ATOT 10T g+
TR dThe ST SATIOT o STagRiTd SR,

2. g9 d Wﬂﬂ%ﬁ'\‘iﬁ'%ﬂ JUdRR (Cardiovascular): SIfededd QQH (Biodegradable
Stents) YAAATR-AHT TYR ST 30T SUAR TR §BeD [qdfed gIdNd.

3. &d SUER (Dental): RIXA® (Ceramic) 30T SHulfaie AR (Composite Materials) &d
TR (dental implants) SATIOT O feiaTat aToRa SITdTd, o ASTed did Aieaidmeted
Iy SR,

Exercise:
TLO 4.1: Distinguish between metallic and non-metallic materials on the basis of given
composition, properties and applications.
1. of the following is a key characteristic of metallic materials
a. Poor electrical conductivity
b. Low melting point
c. High thermal and electrical conductivity
d. Brittle and non-ductile nature
Answer: ¢) High thermal and electrical conductivity
2. of the following materials is an example of a non-metallic material
a. Copper
b. Iron
c. Aluminium
d. Rubber
Answer: d) Rubber
3. property makes non-metallic materials suitable for insulation applications
a. High electrical conductivity
b. High ductility
c. Low thermal and electrical conductivity

d. Malleability
Answer: ¢) Low thermal and electrical conductivity
4. of the following is NOT a typical application of metallic materials?

a. Thermal insulation
b.  Structural components in buildings
c. Electrical wiring
d. Automotive body parts
Answer: a) Thermal insulation
5. of the following is a property of metallic materials?
a. They are good conductors of electricity.
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b. They are brittle and break easily.
c. They have low melting points.
d. They do not reflect light.
Answer: a) They are good conductors of electricity.
TLO 4.2: Choose relevant non-metallic material for the given job with justification.

1. Out of following non-metallic material most suitable for making electrical insulators
a. Copper
b. Rubber
c. Aluminium
d.  Steel
Answer: b) Rubber
2. of the following non-metallic material is most suitable for electrical insulation in

high-voltage equipment

a. PVC (Polyvinyl Chloride)
b. Rubber

c. Glass

d. Teflon

Answer: d) Teflon
3. For making a waterproof jacket, which non-metallic material would be the most
appropriate?

a. Nylon
b. Cotton
c. Silk
d. Wool
Answer: a) Nylon
4. non-metallic material is most appropriate for use in producing electrical
components that need to resist high temperatures and electrical breakdown?
a. Ceramic
b. Wood
c. Cotton
d. Glass

Answer: a) Ceramic
5. Out of the following materials would be most suitable for making a lightweight, corrosion-
resistant frame for a bicycle
a. Carbon fiber
b. Steel
c. Wood
d. Glass
Answer: a) Carbon fiber
TLO 4.3: Select relevant composite material for the given job with justification.

1. composite material is most suitable for creating lightweight, high-strength parts in
the aerospace industry
a. Concrete

b. Carbon fiber reinforced polymer
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c. Wood
d. Steel
Answer: b) Carbon fiber reinforced polymer
2. Composite material would be most appropriate for manufacturing a boat hull due to its
durability and resistance to water corrosion?
a. Fiberglass
b. Aluminium
c. Wood
d. Concrete
Answer: a) Fiberglass
3. Metamaterials that block sound and vibrations rely on...
a. Acoustic impedance mismatch
b. High electrical conductivity
c. Low tensile strength
d. High density
Answer: a) Acoustic impedance mismatch
4. Out of the following is a key factor in selecting a composite material for a given job?
a. Cost and availability
b. Mechanical properties
c. Environmental resistance
d. All of the above
Answer: d) All of the above
5. The main advantage of using fiberglass composites in automotive applications?
a. High density and weight
b. Corrosion resistance and durability
c. Poor impact resistance
d. High thermal conductivity
Answer: b) Corrosion resistance and durability

TLO 4.4: Suggest relevant alternative materials for the given job with justification
1. of the following plastics is best suited as an alternative for metal in lightweight
automotive body panels.
a. Polyvinyl chloride (PVC)
polyethylene (PE)
c. Polycarbonate (PC)
acrylonitrile Butadiene Styrene (ABS)
Answer: d) Acrylonitrile Butadiene Styrene (ABS)
2. Plastic material is commonly used as an alternative to copper for insulating electrical wires
a. Polypropylene (PP)
b. Polyethylene (PE)
c. Polyvinyl chloride (PVC)
d. Nylon
Answer: c¢) Polyvinyl chloride (PVC)
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3. Type of rubber is the best alternative to natural rubber for applications requiring high-temperature
resistance, such as oven seals

a. Butyl rubber

b. Silicone rubber

C. neoprene

d. polyurethane rubber

Answer: b) Silicone rubber

4. rubber is a good alternative to traditional rubber for making fuel hoses due to its high
resistance to oil and chemicals

a. Styrene-butadiene rubber (SBR)

b. Nitrile rubber (NBR)

c. Silicone rubber

d Butyl rubber

Answer: b) Nitrile rubber (NBR)

5. ceramic material is commonly used as an alternative to metal for making high-temperature
furnace linings?

a. Silicon carbide (SiC)

b. Polyethylene (PE)

styrene-butadiene rubber (SBR)

d.ABS plastic

Answer: a) Silicon carbide (SiC)
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Unit 5 Heat Treatment Processes
@I TfRUMH-5 (Course Outcomes-5): Teaiear IRRUMAL Tafd IWIAT ITAR Ufshar Ar]
. (Use relevant heat treatment processes in given situations.)

TLOS5.1 ﬁﬁg JUTAT ITAR UiehaT TQe=RTg quie . (Describe with sketches the specified
heat treatment processes.)

TLO 5.2 feden diard! Hefdd Irar IuarR ufcbar fAaeT it e YT Wil
<Il. (Select the relevant heat treatment processes for given material with justification.)

TLO 5.3 feoien IUal STER Yl S dwd Y@ITIANG T L. (Explain with sketches the

working principle of the given heat treatment furnace.)
TLO 5.4 faeiean aRfRycfdY deiferd Iwrdr IuaR ufcrar Fadr i e <riTTd TPIHRol

<Jl. (Suggest the relevant heat treatment process for the given situation with justification.)

5.1 ﬁE’ 'ﬂ?ﬁﬁT SITGIdT (Overview of Heat Treatment) W@ U $C-1rc’> L KR dqd
gSqd HUUgITSt fhar A fhiviee, Hfiee fhal foHee Uudh 99 d6o
PHRUGNATS! DIUKi! BifcT 30T ST YR fdhar s=m aF fdar i ufshatan s
SN WU, I §lc clcHe UMK, aie Yariie! AR aoeHadd TRe &R0,
AR 3R(TAD HISTALITST S0 HTOr HeR fARY RM Bids Hed FHAT ATUHMHIS]
3TOTOY T THTART B,

51.1 8l ﬁEﬁE?IT B%'ﬂ (Purpose of Heat Treatment): BIc gf\lcﬁl'Cdl Ho 3221 TgUS B
3T Mg (alloys) hivie s, AdbfRde Sl ®TE 9T e e UeHAE dao
He- [Afde SUANTIATS! Tazge dfATeed T 0. g clehed UHE 3fed YelouHTo
3T d:

1. APfHPe UTudre '\ﬁ‘il'R'l?f(lmproving Mechanical Properties) — GISC:I{-I, Th, @:‘2{,
Saciiere! (ductility) ST d3R ¥eie~q aTeaul.

2. 327{?7 W FHl W(Relieving Internal Stresses) — IR (casting), aﬁ)_sT[ 3o
AR IR IdTe Uiehaige i SR IRTSY3® I¢H FHH! B!,

3. U WI%‘—I’I?I'E'(Grain Refinement) — W-m JYURUI dh=q it Hrd&dad d16
DRI,

4. ﬂT&IﬂTﬁ?ﬂ?ﬁWﬁ(Enhaming Machinability) _ Ao O] HIUTIRITS!, TSqUgrTa! 3101
Yicharg Y HR0!.

5. E'I:‘fﬁﬂ mﬁ(lncreasing Hardness) — CE isﬂw qrat E[EW-I'ITI'I?F[ QT?I dTequl. (3al.
54 ISFH).

6. THAY 3T SFifodt m‘ef(lmproving Toughness and Ductility) — SHUdAC \erInNCr{-l
30T Faferdhdi(flexibility) GHRUI.

7. HeSET 'ﬂ'UT%IT‘I Hﬂ'\‘hﬁﬁ W(Restoring Material Properties) — I%b Eﬂéﬁ"’[ fdar
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8.

oA U SfifeaszH W m‘lﬁ(Enhancing Corrosion and Oxidation

Resistance)— o101 ATATdRUNd fd1d aredur.

5.1.2 gle dlededt gayd a<d (Fundamentals of Heat Treatment):

1.

2.

3T -W(iron-carbon) PG|k ﬂ%ﬁ?\ﬁg(eutectoid)&rf\lmﬂé’ i gic 'cfl?ﬁ'c'
RGN ERIGH

WIdt ¥ qayd gic diehe Ufhaimed sfie-iged(austenite) iR fdhar fage
FHITAY 3.

3R YhR Asdded JrIBRARA Weded AdR(nature) 0T 3HUSR=(appearance)

Wiaqe fafay Iuged fthefida 3fi AdbfHed Uuchs fawRid wvd.

4. 3RCATSCd IRATEE fdhdl AT cHE TUTAR HRUATd Pl ¥e Heward! YT SoTad.

gl Clctc wa Pol [P S@igui(alloy) 8 WHTAT 31T% (3al. Fe-C, fcgffan wid
3.) DRUT d U1 TSHIY TR Sfacig 3RId, avTaTeadT YRR dTaTTed JHIuNd Hifrs
IR g1 Ufotcy Ael favaasa.

gic dictcan Rigid a1 dwiier SURd 3i7g i 4RIy dIHMUET SRd TRE HediaR
fRrSfeT=aT WWaaRAE 96 Bidl. FaR SHAT dAYHMIT 48 dhedlar ATedl WaaRa e G5
et g,

7. fafay (e ers) TR A Rid Suarand! S ¥e 81 T Hew e 317,
8. WIiaHed fhfewmd Ioral axe- Wl HiehT & USRTICd (pearlitic)(TIUT) R AT

gl dR IR HiciT Yo ATCIRITedh(martensitic) TaeR AU §15d.

513 '@E’Zﬂ?ﬂ? ufepdd affevor (Classification of Heat Treatment Process):

1)

ST W (Annealing Process)-3HeT &1 Headl WYe HRUGMN!, Saciiod

a) ol SARAT(Full Annealing) — Aedar AT fhdidd  ATAHMIUET SR TRH
3101 HETd BeBEeR US PR,

b) WA SRfRM(Process Annealing) — ®IcE BT FR Salfoct IRER HIVIMTSL
HH! ATTHEIT Pl il

C) W el BTﬁﬁhT(Stress Relief Annealing) - A HHe UUeiS 7 A&y dea
T IR ST KW HH B,

d) TSI Mfei(Spheroidizing Annealing) - ThZSHHA HESS IR
e B Hle- Wi ARSIt guRuarmé! amRe S,

2) E'I:‘fﬁ'ﬂ 1;ﬁ@'\‘:[(Hardenin(_:; Processes):dl TR J-Ilqob\l-k;olﬂi dad- 6|ch{_| 3T e
dlcddld

a) SN - FIe-Y dleauarTa! Ul fsd fdhdl gadl AR & S ATHMTIRE
EREREEH

b) TR TS - AfRI-TA T a0 JEHET g8 g0 3101 AMdR BRe $d
B,

¢) SERM FISMI-HNT FHUAGE Alhdlss IS FaacHufcd TSI
qToRd.
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d) &Y TBHT - TH R IFdH GEHETE g~ dledd (3al. BRI,
3) ¢WN(Tempering): Sca-g S HRUMNTS! ST THAY JYRUANTST iR el
SITd. Hed HH! dIaHTe Gel TRY bl STal 101 FeR dheld e §d dhal Sl
4) ATHATRAI(Normalizing): STHTTRIRGT TR gaHY HRE Hici HRUl JHIAY 3. I
WIRR URTINTS! T Th, gTe -4 ST ARifAfafer quRuamre! araRa Sird.
5) Y TS MTT:ch PR IGAMT o] EHTT BTS Hee] d3R YSRe~d YR

a) PIARTASAT - JEHFTER HIe-Td YA dTead.

b) ATICTATS - BTSS! GEHNT Ao WG .

c) TSI - B BT HRUANIS! HI-AIC IS PSR aToR.

514 é’l‘c’iﬂ?ﬂﬁTﬁTﬂT (Application of Heat Treatment):

a) foum . (Aircraft Industry)

b) SIS FTEHD.

c) R&UT &,

d) IR,

e) I3l

f) 3fgole GAAHUT IdTeH.

g) Ulds Ocd és&g\r‘l .(Powder metal industry)

a. SMfT(Annealing): B T 3d AG@M] Bic ¢lcHc TR 3. Hed oIl Heread fdhal
SReIce WamR(distorted structure)3aRd 318, TN 3T ATUHMGT TRH HRU| D
SRR fdhar SRERRF(distortion) R Bld 30T AMHAR Hd HRU (FHAG: He i)
S =TT AT fRRR G I W1 (strain free) TR T gisd, aN ST

V

(o=

U,

Fig.5.2
Annealing Process

521 Gl'vﬁﬁﬂﬁTB%'ﬂ(Purpose of annealing):
a) SaeIfeel (ductility) 3T THAY dTed — Hed AU B ArA HRGHIT dle
Hd.
b) FeHG WU HH BV - qIHUl g A8 SITU] T,
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¢) I IR YRV — Bb - Wucia JUR.
d) ARMISSIE drequl — ATE HIYUl TN HTHR G0l o H Hd.
e) HAPBMPHe UUC Jdad d0l - 4 B G001 gra-d HH! B
f) faggd 9 Jaoia Mudle GUR - faggd e HH H&d gab g B
dTead.
5.2.2 ST UPR (Types of Annealing):
1. o Gﬁﬁ"T(Full Annealing)
2. @Hﬁ‘cﬁcﬁ 3t (Stress Relief Annealing)
3. TRISSIAMRIT ST (Spheroidizing Annealing)
4. U9 ST (Process Annealing)
1) B AT (Full Annealing): B ST WU By gwced sieHerfsin
Fe TGl CFABRURE oMY §RE® $G  BRU. gHUgcdciss WIGUd!
Jfeer™fgT dUAM WYRUM: 723°C d 910°C GXHM 3d, R SARICHISS
WISI3! B AMUH 723°C o 1130°C 3.
Lo a@] &1 agaHeR AR sreradadt @erG: 25 d 3 fifAe ufa i
eI 39 O, Siiewed df 9yuid: 3ffeffes SEe. IR, T BRI
ISHYA fdd Y T $& Ho ofld, T HEIdd, Sodd o S dMIHH U HRd
e,
Y 7T $O HGAHD IS & YRBIGT dIHHR faufed 813 Jelo TR
TIR Hal:
1. U S WIGHE: UBIIC + hRISC IR (pearlite + ferrite)
2. BARICHCIsS WIoH: Uoige + Rierge WaeR(perlite + cementite)
B ST Iy (Applications of Full Annealing):
a) ARTS U (machined parts)-TH3/, MUY, SEHT TS HOGAT GCH
13,
b) HIGS AT HIUYT TARY — ATST, BIFST, ST ST Ufsha™ra!.
c) Rre Ao s - i, Jfém aural,
d) SMTEIHITR® SSE! - SO U, R ged dadR HIUINIA!.
e) TRRUY ST - fqumam yrTama.
f) A0S WTHN — I 10T FTS 1 HHI HRUINITST.
g) €@ 3TVI ST SSHI - BT -HTa- LIS AT BV,
2) mﬁ?ﬁﬂ? SfAfe (Stress Relief Annealing):
©Y RS AT & te e dedic Ry R St Abfee nudher & disT ufkomm =
BT ACHHNS SIS T (residual stress) HH HRUMNTST ITURGT SITdl. & U9
B AT od HH! dIHMIER &o! Sld.
TR
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W4so°c—650°cuﬁwﬁm(ﬁwmﬁ)%muéﬁmﬁw
AT A AT aoHHER ARy d39re! 390 ofd. HEld 9y T $6 o o
SO W gl fAiur 8§13 1.

SUANT:

1. H&I%tﬂ'&:[ (machined parts) — SRR (distortion) ST UITHTA!.

2. ITSE WRR — diGSTHes (AT GIUR W HH! HRUIMTS].

3. HIRET SO BIFSHT — RRAN(stability) FHRUITTST.

4 BIGS Th HOO Hed - Saeloe] IR HIVINIO!.

3) TPRISSMAISAT AST (Spheroidizing Annealing): ThRigar™HT ST Ufhdned WooT
ARy aqa™ ThTeT Sielid o SId, S UgH FUiaRUl Juitd fdhdr A Sae S/,
tI°_I'€I%':

a. TRIFISSIE gurd.

b. JEI® Hlos i IEg Yo H gia.

c. av= gic leteurdl sfasd WaRR U gid.

d. T We dwe g,

e. TAUIGREIT TRWY fh=a1 gURA.

f. HIOS DI UhAEIH LG0T shidhT Juar Ufse gl
o= Ao &WW@W@HW@W@W gIe"Y d SR
W U B, a9 Sifeies ToRIRE SffUT & S §101 Il A1G gid. 81 U g1 -dTad
TGO AT JHTUNER dTRG! Sld, ST BHER Uagied(lamellar pearlitic) RIAeSesT
TRIZS S BRI TUIdRd Ho olTd. Rifieged Whriss, hRIsc MU JHIAY 3.
TRIZ SIS YIRY HRUTTAT Ul

a. WIS TRA B AN 650°C T 750°C IT ATTHIGR gUahles $aul.

b. WIGOT WG fhich® BIeTadl aR 30 Wo! odl dIHAHHE JaiaH TRA d

S B,
c. IGSI 730°C d 770°C T ATGHMIEGR TRY 60 30T AR §8B8R 25°C d 30°C Ul
TR AT 600°C T S HUl,

SUANT:

a. O 30 S TG,

b. BT gHd , A3 3M1for i,

c. Terd 3Mfr sffe e Uy,

d. IS IRR IdTGH.

4) WY SIS T (Process Annealing): R ST U dafdhcide  SiHfoT 3[d
30T PGS ABTHS IV UNRUMH GR HROANS], Hed WUe HRUANe! ST Yeie
PGS ab Yo HROINIS! ARG . g TR T&a: RIe Sl arR §ex!
313,
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B g =uiavor Sofiear @ qafew Siaes, 9ol Arl WMot (550°C d 650°C) AT
AT TRA o SITd. AT dTIHHIER Hlal 9 3d¢ Sl ST IR 8 6 B o,
SUihEd fyice Yoo dige dhdel e 3Re (34l dRR SiefHe) Uy
AT Had SERCS TR Rihcogz gid S HRU AR GS K IoHH XS
Uoiscd THTU HHT 34, IS S Aite-9 T 8Id. a1 Uishdd HIUdTg! el uRdd
YR a9 YR fhdl =< 1-g3d Ygaiged (Continuous Furnaces) ol SITd. JTHRIG:
SBTG G BT A (TSR aIdeRuNd g1 TR UR USd. Hefideh dre ome SffAfe
UicH(pots) ATRG! SITdTd, ST U Fadhe A SIao SiTd.

SUANT:
a. Reace e,
b. SHCHERG TSKI.
c. dRR 30T ISy IdTe.
d. PGS Th HOG UCH.
e. Ol HEd TS UNY.
e we=ar qurestar ghom ufvom:
a. o U BId.
b. SaSGET (Ductility) UR.
c. HIRFAMS@IC (Machinability) qred.
d. 30 }H HH g
e. faggd iU eIy Uy YRS Srara.
f. I IR R i,
5.2.4 AT arawT goft (Annealing Temperature Range):
Table 5.1
SfffedT argaT goft
AIHHI® | HIEA cqpaR} arga ot
(Sr. No.) (Percentage Carbon Content) (Temperature Range (°C)
1 Less than 0.12 (Dead MS) 875 -924
2 0.12 to 045 (MS) 840 -970
3 0.45 to 0.80 (Medium Carbon Steel) 815 -840
4 0.5 t0 0.8. (Medium Carbon Steel) 780 -810
5 0.8 to 1.50 (High Carbon Steel) 760 -780

5.2.5 ST SUANT (Applications of Annealing):
a) TN Urcy (FIeR, MUY, 3 HH)
b) PGS Al T TARNTA! (RATCHT, HIfSHT, ST S1T)
o e dow R, 4R
d) SR §8X! (SoM UIeH, WaeRd Ucy )
e) WROY 3% (fAHMR Urcy)
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f) IS WRR (T R, BT84 HH! HR0N)

5.3 AHAMRZAT (Normalizing): THAARAT fhar TR &R ame Waar «rear av=ar
fpdiee agaEeT (Upper Critical Temperature) ?ﬁ'ﬁlﬁ' 40°C & 50°C ST ATYHTATAT
)723°C) (FGUTSIT As 30T A cm ¥ST) TR &dl ST 31107 SHTaRAS e, T ATTHHTER
Plel 9 WA . IHdR, R gaued (Still Air) FHAT QAT 48 bl
ST AR € TR R SR % (high stress) g ®RUMAT ITGIaR
sifaw 'tﬂ?:’?ﬁ?ﬁi' )Final Heat Treatment Process) Wﬁﬁlaﬁﬂ ST,

Fig. 5.3
ﬁﬁﬁﬂ%"’[tﬁ@ﬂ (Normalizing Process)

5.3.1 ATHATASATET ST (Purpose of Normalizing):
a) gﬁuﬂ”ﬁw (Uniform Structure) faTor .

b) AN %;dclia ﬁqﬂéqﬁz (Grain Refinement) H.

c) SR WIUC 301 SaeRd KIadl aRgd Wi U SHEIAE! UgH HRd, SaHs
ARIAT guRad.

d) SeAd }H HH .

e) dteS WaRRHY JURUT Hd.

f) Bd AT goma siftre Ty 3fdr 318 Wiet fmfor s,

g) TR geaeizs KAl I THiaRId (Grain Boundaries) BTESS Hedd dlg cldhd.,

h) W%HTUN@L e fiAe! 1;FUT?‘ITV[ (Engineering Properties) E?JT\’?{.

5.3.2 ATqHT Sof} (Temperature Range):

WIS ISUHTI 378"

1. EAURCaEIsS WIGHTS! (Hypoeutectoid Steels) (C < 0.8%): XA fheIdh® araH-T=
(Upper Critical Temperature) 40°C d 50°C 31, FEUSTE A3 line & ST,

2. BARYCHEISS WIGHIS! (Hypereutectoid Steels) (C > 0.8%): WO fohcIdha
dTUHTIAT(Lower critical temperature) 40°C d 50°C 3Hf¥eh. U Al line(723°C) Ui
VI,
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5.3.3 T-I‘fﬁ?b'lﬂ%ﬁﬁ ST (Applications of Normalizing):
a) ¥I® I (Steel Production) —E@:’f?-[ &Wﬁ[mﬂﬁ%ﬂ?ﬁ.
b) SIS 8% (Automobile Industry) — RT3, SFTRY, HhHIAMIFCATS! GRS I,
c) M U (Machine Components) — ZTTUC, TSR, TooR qUR HRUATITA!.
d) ¢® Jdiad (Tool Manufacturing) — 3R B (Wear Resistance) 30T Ty
JURA.
e) WIS SMIFOT Srfee™T (Forgings and Castings) — %ﬁwmﬁm.
f) TWHRRS WIS (Structural Steel) — SR, HIGH, Wy JMATS! ATURS S,
Q) UIED] errriﬁreq;aww:r (Pipe and Tube Manufacturing) —1%:‘?{ 3T SFIfoe! dTead.
h) Zﬂ'c"@é@'tlﬁﬂ (Heat-Treated Parts)—giﬁﬁﬁ?@%ﬁ?mww.

5.4  BISfAT (Hardening): TIooT Il fhdiee argarTIan (Critical Temperature) SIT¥d
AMIHMTST TRY HOY, ATST AT dIIHHIER 3R1d1dh 9 U 3aUl 31101 3 $& DU,
N IS RN (Hardening Process) TUMTIA.81 3AM® $© HRUAME TR S
(Quenching) TUH BTG! OId. &Y MUT AR UICH , o S ¥aTl (Heavy Duty
Service) OR UTSdId, T & 818 &o olld.&d greT (Quench Hardening) 30T

<R (Tempering) thdd Bic ?ﬁ%ﬁ? g EﬁW (Heat Treatable Steels), -1\|sy,oe ‘:l'thlsc
3T (Nodular Graphite Iron) 30T fisfc® ®Re @8 (Alloy Cast Irons) TTdTETA
Tifed A L IoHE SRl SIRd glro i1 BRUAMNTS], S Sl AHE 0.35% d
0.60% Ta SRTUT SHTIXTD S,

Fig. 5.4
E’Iéﬁ'ﬂtﬁ@ﬂ (Hardening Process)
541 B'Iﬁﬁ'lﬁT B%?E[ g aqHT 9ot (Purpose of Hardening and Temperature Range):
E'Iéﬁ"ﬁﬂﬁ%’ﬂ
a) WO BT d3R YBIRCId SIIUINITS! TS BRI,
b) WIo®T SR AT B HIUA™NY (Cutting Ability) S0,
¢) W, THY 31O SIS (Ductility) GURTIRITST.
d) B9 9 A 8ol (Notch Ductility) T 3TH THAIG ATUTIRITA!.
54.2 Bﬁﬁ'lﬁ argar goft (Hardening Temperature Range):
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a) E’Nﬁﬂéaﬁ%@' Tloard! (Hypoeutectoid Steels): a4l fhdlpe M= (Upper
Critical Temperature) 30°C o 40°C ST
b) E»TEIT?ITQ%HE'VIEE’ Tloarat! (Hypereutectoid Steels): dT&=l fhdipe auaHra (Lower
Critical Temperature) 40°C o 50°C ST
5.4.3 GTS (<ITTd SUART (Applications of Hardening):

i PICT CHY (Cutting Tools): foad, ey, Y ¢d — Acd HIUUTT &HdT dTedd.

i. TRt &mﬁrm (Gears and Shafts): IR e Gﬂfﬁ[@jﬂ ﬁﬂﬂ?f.

iii.  fSSRTST (Bearings): ATEId TS feHhI&TuN aredl.

iv. T8I (Springs): BeTT Y3e—y argdd.

v. SficHeERs tﬂ'cfﬂ (Automotive Components): ’{%Fftﬂ'éﬂ , %H?ITCIEHZINBDI

vi.  AIGgY 3T STES (Molds and Dies): YT ITHTHTS! 3R YSRe T R,

Vii. ?Eﬁ NIEEINy (Agricultural Tools): TR, STHIF HRITE e (Plows, Tillage Tools)

ITST IR ST,

55 SWINAT (Tempering): <IN & T AE@YUl sic clcHe TR 318, St faziva: grefm
HGATR (Hardening) Ko AhHHS WUCOIOT JURUTANIS! ATRS! SITd.aT Wihaqe
Heool arAl fhdlee duu =T (Critical Temperature) JTOT TRH 6o S 3101 fHdAd
T $& Ho Sl

ST HIUgTET G%'ﬂ (Purpose of Tempering):

1. S HH PR 8T8 K1 Sed 3Rd; R Th-Y dlead.

2. 3T %@:\H A B (Relieve Internal Stresses) —Wﬁﬂfﬂ@@%@ﬂ G|

P DI fhdl SRERIM TS,

3. Sacifeet AU T YURA — HCGST JCUaUNH arddd.

4. PSS 8TS9 (Optimize Hardness) — ARy ITaTATSt Oy gre-4 fHedd.

5. 3R ¥3RE= GURA (Enhance Wear Resistance) — ST USROS fedhrauom

qrgdd.
55.1 ﬁ?ﬁ&'ﬁ?ﬁ%ﬁﬁmw (Types of Tempering in Heat Treatment):
ST YR ATIH FUR 3107 aRome A e e TUioar Saoer 3.
1. O SRR SN (Low-Temperature Tempering) (150°C — 250°C)

1) o0 }H HH B! AU 3 gre-4 fedhadl.

2) ThidhTTa U] HHI Bl S0 A3R ¥Sie~g argdd!.

3) TH-Y UISIRN dTedd! U 8T8 -4 SIRd JHIUNd HH! gid el

> WY (Process):
a) 7o (UMM 818 @) 150°C d 250°C ATIHMIGT TRH HRdTd.
b) 1 T Ufct 25 At SISt a1 gHmond eRe e dadrd.
¢) RR g4 a1 sfiseds §aR U8 FHRA.
> GIT;I'Q-'\"T (Applications):

1. IS CHY (Cutting Tools) — fe@ facy, ooy, tow, I
2. ST 30T HIGGH (Dies and Molds) — He® BIHTITS!
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3. ETHW@W (High-Carbon Steels) —ﬁ[ﬁ%ﬁﬁﬁﬂ%ﬁﬁﬂ 3ar
2. Tudtery erre=R ewf (Medium-Temperature Tempering) (250°C —500°C)
2) U BIe-1Y fehq -y dleddl.
b)J3R VBT 3101 UHIG THh-Y Il JHAIS RG],
0)3CA® L DU B SlcH-19 HH B!,

> TIEY (Process): Wi 250°C d 500°C ATTHMIGT TR HRATd. SITAIH I ¢ReH
39T, gl fdhal 3i5® T TRAR U Hdd.
> GITJ'!?I'Cﬁ'lT (Applications):
a) TN (Springs) — @15 B, Bige BY (SffcHaReH)
b) SATCIHIETE® HFT (Automotive Parts) — IR, hapate, HfaTT TSq
¢) Y®d UCH (Railway Components) — ¢, HUTGT, TRIGY
3. g™ SHER ¢rfaT (High-Temperature Tempering) (500°C — 700°C)
a) PTG CH-Y 30T SEIGI! (Ductility) aTgad.
b) THT XS~ (Impact Resistance) gread! 0T safdddl ad.
o) TS Wie diue #d.
> T (Process): W1 500°C d 700°C ATTHMIGT TRH HRATd. BITAIH I LR
3ddTd. §a 8BeD US BT
> 3Fj§l'€ﬁ1T (Applications):
2) WCFRED WG (Structural Steels) — SR, TZTBIHE T
b) TS HRIH HIT (Heavy-duty Machine Parts) — RqMUC, TRIO Y, Waw
¢) T3 3for fa3if¥est (Gears and Bearings) — f571) 20T Yeie— 3axae 3R,
55.2 CHINITR SUART (Applications of Tempering):
2) SR G so¥! — e/, haate, B
b) R TS| - Tz gy, faur 3f&m feR
o HghENT ¢od - e, fgiey, fse faca
d) STYTH (Construction) — JSTHHE I, CHRG m

e)

5.6 B BISI-IT UKl (Case Hardening Methods): WE‘I@%"T@W@?@@?W 3T,
ST 4TI gEHNTIGT € §-1dd, TR 3MTi® U (core) T 3T SIS Sad.AMS d3R
e (Wear Resistance), T¢I @W 30T SrTae NEike = ﬁ%ﬂ?_cﬁ, GCITE@' fg ‘@Eﬂ'c’
B AT (High-Stress) SUTNTRITST TG 3l
HaTd EF Y 8T 11 UGd! Je U 3R d:

a) BTSIRMIRNAT (Carburizing)
b) ACRTST (Nitriding)
¢) GIIAAfET (Cyaniding)
5.6.1 W@T(Carburizing):W@‘TQWWW&@,@@WW

EHTTIA HIe HaZT S Il gle-9 dledd.al WY 900°C — 950°C ATTHMIGT HIa--
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TG AR Hot Slld. HIRFATHR WIS 9 (Quench) Ho SITd, SIUIHR STl
RHTTET BIe-9 feH Xe1e 311 e SR azid eI,
> 39N (Applications):
a) 13/ (Gears) — 1R AYd J3R WEiew guRd!.
b) HHRIUC 31O hep R (Camshafts and Crankshafts) — CE%T:QEﬂRTH (Fatigue
Resistance) greqd!.
c) fa3fwsT 311fOT ¢&¥ (Bearings and Tools) — T3 U0 GURAT.

5.6.2 RICATST (Nitriding): TSRS 81 U9 318, MY WIo= JEURTT ™IS
Uazl ol Sral, O g U 500°C — 600°C HEgH dTGHMIST ol Sild.
BRI I0¢, AACASTHIR v azdd T9d, HRU AACRSY (Nitrides)
JEHTTIAR TR B AT6T 3fd < S9adTd.

> SUANT (Applications):
a) Qﬁ@ﬂ W(Aerospace Components) — IELIEIE] Qﬁﬂﬁ BfeT i%ﬂw
qrgddl.
b) ST aTad SO RISER BTER — Bl MU J3R VSie~q JURA!.
¢) SuIdRM WGEY (Injection Moulds) — T BTSW dlgdd.

5.6.3 TATAIST (Cyaniding): AEAAST &1 Uh GGG &Y gre-T RN 317, T Whe=an
IR Ta- 30T Ao TaxT H@T STl el U 750°C — 900°C ATUHHTST HigeH
AR S HIST=AT YA (Molten Cyanide Salt Bath) o1 SITd. ISR, UTE &
(Quench) H&T SITdl, AT 3MaTD gTe - 1He5dl.

> m'lT(Applications):
a) BB U (Small Parts) — T2V TR BReY.
b) B BIE BT (Low-Cost Components) — EIARERS] o=, BV_&' coay.

5.6.4 Wsﬁﬁﬂua?ﬂiﬁm (Comparison of Case Hardening Methods):

Table No. 5.2
&H ST Uil ga
Ugd aga Juit | BISFRT | B S (Case | ST I
(Temperature | SeHE Depth) TR 2
Range) (Hardening Quenching
Element) Required?
T~ e e,
(Carburizing) 900°C —950°C (Carbon) 0.1-3mm E?f hhIMUC,
ICEIREE]
N 500°C —600°C o0 0.1-0.6 mm '_-I'Iglf g%':[ HIL
(Nitriding) (Nitrogen) Qﬁ@ﬂ Ych
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Ugd a9t | IS | Y S (Case | SRR I
(Temperature | SeHE Depth) RS 2
Range) (Hardening Quenching
Element) Required?
CACE]

. faRIy UHRa
ikl ”_3 " | 7500 ~g00°c | TS | 044 mm Gl HREY, AETH
(Cyaniding) (Carbon + frard

Nitrogen)

5.7 gle dlche UEh: TP o 3MfUT ITRT UHR- BIc ¢lcc YT [aRIY U Rd IUHRUT SR,
ST IUART 41T fAfRIy drudHeT TRE SRS Sl Sidl, Suidbs dil JifAd
oA Sfsd dg0 WY A1, Bic CIcHcHE R Moo aF YHRAT Yl
RGN STl

1. Wl@(l\/luffle Furnace)
2. E\WWL@(BOX Type Furnace)

5.7.1 B HEI(Muffle Furnace):

TS HSl Bl U UHRH! sl clche el 3ile, SHe gifdt Ufotcd Je JdaRUNH

N\ N

N NN N [a N e Y N

d7Tes 30 ST, TRH HRUIRIS] IZAP GG Heod HFT FaRaAT 3Td 390 SIdId,
R FfeT TfoHcy SRR . aes 4 FoH fhal gl dUdiges §IoIR
ﬁ?ﬂ:ﬂﬁm(contamination) TS S,

. heating
housing m element
exhaust air l l refractory
outlet brick

|
furnace ; airinlet
chamber M
: n
\J N [
flap door muffle furnace
www.inchbyinchde @®S
Fig.5.7.1
HP O ﬂ-l?f (Muffle Furnace)

AT (construction):

a) T& MIRIYS The R fhar oo g tfotcus SRAUIRE 3T .
b Zofde IR Heey fFar T TgR IUM UYSH HI M.
¢) dT9HM 31T FHfEd HRUgNTe! YARE e aTuR®T ST,
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PRYUMS (working): Yl SOfae® Higad [hdl 19 S8l AgdH TRA Hol S,
YSIUYUT (Radiation) 30T H-ddkM UfhdgR deRAY THIART Hol SId. deRAHS
IHUNST HrazH 19Uzl e YU = Ja1 gRwH gie e,
B'CI'!ﬂ'lT(AppIication):
a) ©gM WIS T HYUGHT Uchid I,
b) BT o AT STEor ST,
) HCIHS HAMYRITST YARTRMSST ¢ RET.
d) R 3nfor uraex Aed Himd Rick,
5.6.2. 9TeT E‘I’é‘q 'J-Ié’f (Box Type Furnace) - CIE ET%CC{ ﬂ-@ Eﬂ Uh Hiat Eﬁ‘c’ "@E'ﬁ'c' ll?[ 31T%'
57 gH U D FRUL 3T W4, @%TW(Heating Elements) UG SRIT,
s JHBH dT9dH e,

Fig.5.6.2.
STeRT 18U gL

(Courtesy:https://www.grievecorp.com/product-category/furnaces/heavy-duty-box-furnace/)

AT : IAATH ! S-3MDHRIET dok, MHE SYOR 3. Iofagd Aee~ Bl
Tfotcy fdhar 719 a1 deRHIad! SRdrd. diIa Haa0TaTe! CHReR Heley T
YHIHUGY SRIAI. HeXI3@ TSl IS AT SIS HRUINIS! GRaTol .

PRYUMST: YT TROIER FiRad auEHd M-8l hol oid.Aeed Y RIS 390
ST YSITYUT (Radiation) 30T Hdax UfhIgR SXIART Hol old. gHy

SUYRT ;

a) e, 2Nt STTUT o BTS (T SIfOT CHfT,

b) AIGAT WIS UTCad AH ST,

Maharashtra State Board of Technical Education 73



Mechanical Engineering Materials (313317) T d SiomTSiiaT e (313317)

c) SITCHISTS & SITOT T HIT SHFSIT,
d) HiaaT THIuTTd 3dTe gcdhid gic clcHe U,

Exercise
TLO 5.1 ﬁﬁg JUTAT ITIR UfhdT IETAe quie &R, (Describe with sketches the specified
heat treatment processes.)

1)

2)

3)

4)

5)

The primary purpose of heat treatment is .........
a. To change the chemical composition of metals
b. To enhance mechanical properties by controlled heating and cooling
c. To melt metals for casting
d. To increase electrical conductivity
Answer: b) To enhance mechanical properties by controlled heating and cooling
The heat treatment process in which the steel is heated to above its upper critical temperature
and then cooled slowly to refine grain structure is
a. Normalizing
b. Hardening
c. Tempering
d. Carburizing
Answer: a) Normalizing
The hardening process which involves heating steel above its critical temperature followed
by rapid cooling in water or oil is......
a. Annealing
b. Hardening
c. Tempering
d. Nitriding
Answer: b) Hardening
The main advantage of carburizing as a case hardening method is....
a. It increases hardness only in the surface layer while keeping the core tough
b. It refines the grain structure of the entire metal
c. It enhances electrical conductivity
d. It prevents oxidation of the surface
Answer: a) It increases hardness only in the surface layer while keeping the core tough
The tempering is performed after hardening a metal component to.........
a. To further increase hardness
b. To remove internal stresses and reduce brittleness
c¢. To introduce carbon into the surface
d. To refine grain structure completely
Answer: b) To remove internal stresses and reduce brittleness

TLO 5.2 fediear grfardt deftrd Iwrar Iu=aR ufshar fRasT sifor I <amaiTd Tyt =71,

(Select the relevant heat treatment processes for given material with justification.)

6)

............ type of annealing is used to reduce internal stresses in a metal without significantly
altering its mechanical properties?

a. Full Annealing

b. Stress Relief Annealing
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c. Spheroidizing Annealing
d. Process Annealing
Answer: b) Stress Relief Annealing
7) The primary purpose of normalizing a steel component is......
a. To increase ductility and toughness
b. To improve machinability by softening the metal
c. To refine grain structure and enhance mechanical properties
d. To introduce carbon into the surface for hardness
Answer: c) To refine grain structure and enhance mechanical properties

8) heat treatment process involves heating steel above its critical
temperature, followed by rapid cooling (quenching)
a. Annealing
b. Tempering
c. Hardening

d. Normalizing
Answer: ¢) Hardening
9) The case-hardening method in which nitrogen is diffused into the metal surface at moderate
temperatures (500°C — 600°C), eliminating the need for quenching?
a. Carburizing
b. Cyaniding
c. Nitriding
d. Induction Hardening
Answer: c¢) Nitriding
10) The effect of tempering on a hardened steel component is to ......
a.  Increases hardness and brittleness
b.  Reduces internal stresses and improves toughness
c.  Introduces carbon into the surface for case hardening
d.  Softens steel for easier machining
Answer: b) Reduces internal stresses and improves toughness

TLO 5.3 fadiean IUMT SUAR Held H awd Y@Toag WP HI. (Explain with sketches the
working principle of the given heat treatment furnace.)
11) In a muffle furnace, the heat is transferred to the workpiece by

Direct flame contact
Radiation and convection
Conduction only
Chemical reaction
Answer: b) Radiation and convection
12) The main advantage of a muffle furnace is....

a. Faster heating due to direct flame contact

b. Isolation of heating elements from the chamber to prevent contamination

c. Large workspace for bulk processing

d. No need for temperature control

Answer: b) Isolation of heating elements from the chamber to prevent contamination
13) The component which is NOT part of a box-type furnace is .......

o o o
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Rectangular chamber with insulation
Direct flame inside the chamber
Temperature controllers and thermocouples
Door for material loading and unloading
Answer: b) Direct flame inside the chamber
14) The heat treatment process which is commonly performed in a box-type furnace is....
a. Case hardening of small tools
b. Sintering of powdered metals
c. Normalizing of large steel components
d. Laboratory material testing
Answer: ¢) Normalizing of large steel components
15) The type of heating elements which can be used in both muffle and box-type furnaces is
a. Only gas burners
b. Only electric resistance coils
c. Both gas burners and electric resistance coils
d. Solar energy panels
Answer: ¢) Both gas burners and electric resistance coils

TLO 5.4 fedten uRRUTS! Teferd IWrdl IuaR Ufdsar FadT 31 A <UrRRiTd WPIHRul

<]l. (Suggest the relevant heat treatment process for the given situation with justification.)
16) A steel gear needs to be hardened for improved wear resistance while maintaining a tough
core, -------- heat treatment process is most suitable?
a. Annealing
b. Normalizing
c. Case hardening
d. Tempering
Answer: c) Case hardening
17) A cutting tool made of high-carbon steel has been hardened but is too brittle for practical use.
So, the additional heat treatment should be performed is .......
a. Tempering
b. Annealing
c. Hardening
d. Normalizing
Answer: a) Tempering
18) A forged crankshaft has uneven grain structure and internal stresses. The most appropriate
heat treatment process is.......
a. Case hardening
b. Normalizing
¢. Quenching
d. Tempering
Answer: b) Normalizing
19) A batch of copper electrical wires needs to be softened for better flexibility. The type
of heat treatment process should be used is ....
a. Annealing
b. Hardening

o o0 o
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c. Quenching
d. Case hardening
Answer: a) Annealing
20) A manufacturing plant wants to improve the toughness of hardened steel shafts without
significantly reducing their hardness. Which process is best?
a. Hardening
b. Tempering
c. Annealing
d. Normalizing
Answer:a) Tempering
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