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Adhesives - Classification, properties and applications
o . S#m: v_.mom i the feld of materials, New materials are Gam:m Smart materials - properties and applications.

come possible to change the properties of materials to sujt the . w\ Miscellaneous Materials

Overview of -Tool and Die materials, Materials for bearing metals, Materials for Nuclear Energy
Refractory materials. .

Identification and Testing of Materiajs (Destructive and NDT)
Identification of metal by giving mini projects.
Destructive testing : Stress testing, Harness testing,
Non-destructive testing : Eddy-current,
Ultrasounic and visual testing.

RATIONALE  °
Lot of develo

%é._ouna Eaﬁ_um wamw holders in this course are required to make use of different
RnEﬂnﬂn%ﬂ.m«m: %=m applications. For this purpose, it is necessary to teach them basics of Ja
Bﬂnﬂmﬁﬂ MMB roperties, usage and testing of various ferrous and non ferrous materia|g -
Mﬂsﬂwmwo:om rom%amnana ?.oammm@m. This subject aims at %é_ommmm .w:o.in.amw about the Aﬂ
characteristics, testing and usage of various types of materials used in industries, !

Magnetic-particle, Liquid penetration, radiographic,
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s wzea & garif &1 aiaRer (Classification of Materials of Industrial Importance)
sifrafer Tt @ i @@ § g o W —

1. TEAFF 0T (Chemical properties) 4. IR 10 (Electrical properties)
2, S 70T (Thermal properties) 5. FICEF 07 (Mechanical properties)
3. g 0T (Magnetic properties) 6. SEfEE T (Technological properties)

rrafie o1 (Chemical properties)
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. YYE TeEtE et
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F1 T[E ST FEAMI ¢ TEF e THrEhs e § sieien 91 fe = sRgeH
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(iii) @WOT WRAY (Corrossion Resistance)—9ed 3N walEtw & o= THMEAS,
- TR st Ao B SN T # e SR FEA 81 3O g d
TN 1 G AN S A A T e 8, SR—, 91, 296y € S
T e @) wrmed -k 0 3 o 1 38 T F fa g W Rt (fEn
A, A=, affe s S 2 1

(iv) TMITEREs Hoed (Chemical Composition)— &t 5 Tam &1 THEl T 5% T
R TET TAE ST §1 S W # A 6 A6 I T, T, FIRA A WP
ST §1 et SR R T 3 T S9—Mn, S, Or, W 31l i free sifod 70 a1t
T T W €

S TTAf il # e qe FretET —
(i) Terd T TWEI] MR (Atomic weight of material)




ivalent Weight of Material)

iv) e a1 gedi 9 (Equ .
AMMV gerd FiI el (Valency of Material)

i o1 (Thermal Properties) o v i T & mwﬂ&ﬂﬂ_wmﬂ%m&wm.#

wed & Fuig ¥9E H gﬁﬂﬁw

sfeedf, dE @ 357 (Oven),
U3 I (Heat capacity), fafeme S (Spe
i e (Thermal conductivity
shock resistance) 3|4 Bl & s
(i) S ST (Heat Capacity)—fdl T4 1 1° C % T foe ettt ()

o S o T ST ST SR I 21 T 3 v,
cific heat), I TR (Thermal expansiyy

), Tei® g (Melting point), GINIRRIIER Gy (Thermg)

v o 4, 39 39 g # S IR F 81 TEH IR 1/°C (Y oy ey

F20e) 21 .

(ii) Taf¥T FOT (Specific Heat)—38 FoT 31 78 AA1 8 ol f6ell verd & 1 o womm
A 1°C ToH F T SAvE 81 g R I/ (kg x °C) (A 9 F ofy e
) B

(i) g MR .ma:mm (Thermal Expansion Coefficient)—3% 98 7T 2 o Torelt werd o
aﬂﬂ@mmpumwmnﬁmvmﬂwﬂmﬁ%ﬂ_ﬂﬂemsmuﬂonvmm@%_&mmﬁgﬁwﬂ
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(iv) ST TR (Thermal Conductivity)—9erd &1 3¢ 07 fre gm0 ged & o
T G (conduction) faftt 0 & &1 o werelf & ooy o1 rre ot @ A d
ﬁﬁmﬂ%%ﬁ&ngﬂﬁwgwﬂ@ﬂw%g%%

_

(v) opler ﬂ,._.ﬂ WY (Thermal Shock Resistance)—f#l Terd & arer 1 aifdfed Foi1

ﬁ%wmﬂmﬂﬁmnﬁﬂ%%ﬁﬂﬁrmgimgnwvﬂww_ aﬂ&%mﬂmﬁ&m

S WAl R W A T A i v s | SR— 1 i
ﬁﬂawﬂié&im@ﬂ@ sk bk

TEDI 07 (Magnetic Properties) .
T F T T a1 s

g uf=ma | 7

el B = T Ko7
H = %4 &7 1 diaa
(id) I T (Coercive Force)—az il Joeia et # & vt 3 wufes wa9a
IE S P FH F AT smvas 2
(iti) SATEETHRAT (Super conductivity)—AEIEHI T SEEROT (Phenomenon) 2, g
Tt et = Toed 9R{Y (Electrical resistance) W& Fifygq a9 % A& = & = 2
¥ A9 H FIFF 9 (Critical temperature) 8 1 TH-FeFT T TEASES
(Diamagnetic) e B g1
wm.mwﬂ o1 (Electrical Properties)
ferega SutoT 41 WA S feregdta o % SR T e s e R S d 3o S99 W
S —ITUEHT (Resistivity), el (Conductivity), SIESAHET £ (Dielectric strength)
afe yq@ g1 -
(i) IAEST (Resistivity)—38 T8 # 98 FEdE T 2 S 90-WER (Flow of
electricity) &l oy et 21 39 ) @ ¥ =< ww & TS 399 9% A0 21
SRR, nuﬁm@w T R = IS @ SRy (3l )

A =IEF & 3T T F &%d (T F)
[ = 9T I @ (Fio %)
(ii) =TT (Conductivity)—Terd F T8I 07 F FRUT 5T F1 G901 31 @1 9 Sfadssal

%1 FGHA BT 8 ST =eteh,
‘ auwumﬂqaﬂéumﬂ‘_ﬁm
o e e T @ o e & fera- I ol YeTE ST Y S 21 e § SN W
g 97 ' F A E—

(31) =T, (9) SIS (Semi-conductivity), (V) FHES (Insulators)!
(iii) STFFAFH B4 (Dielectric Strength)—3gH 14 2 e werd T s favarw
(Voltage difference) & fered 11T 1 forlly 1 sReaifags 1o foed & 90 o 8!
(iv) SOg WIeTedl (Thermo Electricity)—T¢ ¥ ¥ 301 98 99 &l ¢ & & 39H
ugell i Sied ¥ S dieesl ¥ AW B R
(v) Y- SITeTHaT (Super-conductivity)—Tard 1 9 0 5 i 98 ¥4 T T F4
. R T ey S S 8, O R § S s T I o g,
YR-TIeTHal Heell 8 :

4 Tifie T (Mechanical Properties)
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(i) R (Elasticity) (vii) FETH MMMMH Mm:?mmmv
iy i) e
i) Yeeddl (Plasticity) (viii .
AQW mmﬂwn: Ammambmmmv (ix) i gmed (Yield Strength)
111,
(iv) T (Ductility) (x) Ferrdr AO.nmmwvv
(v) ST (Malleability) (xi) 4 (Fatigue
(vi) ¥TW (Brittleness) (xii) S84 (Toughness)
s o & v Fre E—

i ﬂﬁﬂ@?&%ﬁ!ﬁﬂﬂﬁaﬂﬁ%ﬂmﬂ%ﬂm (Size) (S warg, e
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¥ fore SoeeT T R 1 TR A Y A 2 )
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(31) Yeg @l (Linear strain)—frdl 1 # FRET0T & #1001 6 o § uftady sy
SRS T % S F1 W& [ (Linear strain) Fed 81 J8f s 4 URad o6 & fown & 2
w2 P 9 TR W ¢ AT N S 9 ¥ Al e ¥ wiEdT a8,

B e | P
; - ! —
¥ I

=
!
;

et a w;_.'T|.._ Al f—

T fafa e fagfa
{Tensile strain) (Compressive strain)
form 1.2
fofa, £= % e ¢ = Fagfa
anmaamqnm%nmﬂxmﬂmuagmﬂm .

e aﬂiﬁmﬁT TS
Al . » . !
TR I 4 g oot & @ 33 7 fgfe e s A

(%) T ferfa (Lateral :
. strain)—aq
e 3R H (Correspondin wI

| @

| U WE 4B W UF fAd 91 Q o S, fEE FRO0

e &) 51 57 934 (shear strain) &d 8

Tm uiEa i 9
B v
U

SR,  dv= °gd ¥ giady
v = TS 3Ee
%Eﬂa%ggmﬁﬂﬁljﬁﬂa&mmms&ﬁwﬁan@
\h /

]
K
-
qr 3Ead V =1Ibd

= 8V =8lbd + 8bld + ddlb
SV/V-=@LID+((Bb/b)+(5d/ d)

=
= e, =e . +e, +e,
37T At g, 9 aaq fewnsll ¥ 3= WW6ig A5 (Linear Strain) ¥ 39 5 50%

(3) Fd4 fasfd (Shear strain)—{Fdl 95 # F9 a0 (shearing force) & TR IS5 TR 5

(o9 wa= ﬂmﬂﬁd@wv%ﬁgnn&oamﬁoﬁ% D D c o

T fF Fed §1 38 eu § wefim a1 81 . ; (%
AT ABCD it ¥a8 DC T TF O el &l Sl ¢, dl :

a5 ¢ Fv1 | fawfi & Sl 59 o (Fon) F Fiofg 961 (o

37 eu%w@ﬁ
e —a 99 g0 fFd e § =R S e ®
I AR ARy B sfiEe F8d &1 enlq
El

Yiqael (Stress) = ———
STFd

3o # TRE (unit) N/m? 3, 38 IR (Pa) W F61 &1
e A e SR 1 S a— - : .
(31) T Wfdwet (Tensile mﬁﬂmmmv|@ﬂﬂﬂmﬂ%ﬂdﬂﬁﬂﬂww@%w. qA 5

1| ST e sfrrer s o Sl e 1 T % R W 8 S R e, SHfaf S 4 3



ua—mﬂmﬂd@:nﬂ&ﬂmnﬂ& . W
%ﬂﬁ@s%@%ﬁ@&m&ﬁ wﬂ%ﬁﬁﬁgm
Wﬂm‘”ﬂ&mﬂﬂww@hﬂ&ﬂm ﬁiwﬁ%mﬂnmﬂmaa resistance) R B &mﬁﬂwﬂﬂ. R g wa
Fta-RH XX “
ﬂﬂ@jﬁm—an X X
N
‘U
N : _
. : X ‘
- X
P! _mwm P

" Rp 1.5. 9 RS (Tensile stress)
: euwnw,imumﬂ.ﬁﬂmg _,
. (D ..m&uu i Fe1 (Compressive mwnﬁmmmv|ﬁm I dH W et e ¥ g & feam ¥ fm
(dimension) ¥ F1 A 2, & 5 et W Wite Sferel el 81 ¥ 0, | A H E 3
e yfta, : J

teal

R 1.5(a)

—Fl o ¥ 7w e s e A
T T TR e Qo e o R

(%) T AT (Shear Stregs
ﬂ@aw_%&&mﬁ%ﬂsﬁwv

St h ieod Bl
oum, R A =99 P %y R F dana
=XX F fewn & &7
YAl T Am_mmtn,acdm»mbnv|ﬂﬂm4 Bl i G R B T B (R o]
S 1 AR IF Fed § 1 T F PR F R, S g ¥ v frek $ s
| @ 21 e j :
Sfaet o fFEfa
= ufdad = E x fasfa
= E= SRl E = TR TPl
fasfa _

forg were &1 e Ul oI SR € R, 9% e So @ Yoy air 2
(i) YITEI (Plasticity) I @IaE—a wad # seamear 31 9 | s 96 O o1 am

| T forr 22 caredt ol 29 % o1 ) W Fed €1 verd % 39 0 S 0T fafe e § 9EE e

SId ¥ S—fF9h, 2T (Tube), T (Sheets), TR MG Plasticity F 99 T4 $ Sfowd T2

o (Percentage elongation) q = 81

fe gArE #1795 TR W S i—
Al

AfaeE SArYA (Percentage elongation) = r =100

fsm St Ao TeierT R Saen S ¥, S Sa @ st Wi A

|\ G R (Ductility)—9eT # 9% o7 R SW A1 9 91 94 €, 9l (Ductility) FETd
| B S A ot SR gerem @ feer o f1 felt o F fore sfter e (Percentage

elongation) &1 40T Tl THTT (Tensile test) T WS (Compression) & Wﬁw e
(Gold) T 1] 2 Tepd 31 W vel s § uigd St T (ductile) T B

(iv) ST (Malleability)— 38 T &1 9 701 & o7 59% fiFfl 22 21 e T (Sheets)
T ST W 1 5 T A ST e W AR T S Sieer ¥ e s R &aﬁwﬂa
e 41 s et e # 99 (Compressive) 10T FHT S & SfF T (Ductility)

* | T (Tensile) 01 4FT ST 21




12 | i wend o v e

g wfiady

s s v 10 8 TR e
imensi % = Sl , Wl $eemn &l rittle) T . .

%%&%ﬂ%%ﬂ%%%ﬁ%%é%@ﬂﬁﬁwﬁg

e 3 W (Brittle) TG FEd 81 IR SR T

(Elongation) ¥ ST AHI 5% 3 ﬁ.@ a
TSGR ¥ {96 (Opposite) &

_
(vii) e (Strength)—31R % (Fail) T e & e ST awmmmv T R

51 395 9 Fed 31 39H H ﬂp._u._m.@ﬂ 2ficT 9uitT (Universal Testing Machine) ﬂdmﬂ_
MMM_ e T ST (9%) 3 ¥ (Nature) & 3R T 98 T Ame (Tensile Strength), Tireq
UMH (Compressive Strength) w§ F4 9= (Shear Strength) IfE T & o THd 81 39 o

Yiaga-f9Fid (Stress-Strain) 3@ (Diagram) 8T 9 g &l "
T aigel & fou sieae-fapld (Stress-Strain) E—YIgel

7 T —
¥ A=WUUGs 9 (Proportional limit)
B = ¥eAR4dl §MI (Elastic limit)
D=3 W g WA fig
(Upper and lower yield points)
. E =35 999 (Ultimate strength)
. _F =fa¥sm fag (Failure point) .

y Ultimate strength

.

EIGEE) (stress)—>

O fogfd (strain)—»

e 1.7. 75570 & e sty s
A (Stress-Strain diagram for Mild Steel)

. Wt e (Proportional limit)—3q 9 i
Law) & 9/eH -3 21 W W & orun wfvma, fighy &
: .ﬂuﬂﬂm oc _ﬂmﬁw

e T g 21 araf

ﬂﬁa&wwﬁﬂlm@a
i &1 f7 17 W6 1.8 51 e (o T 2 Sfae-fae arE & e i @ 373% ool

Gw ATF) i 55 & f7am (Hooke's

A aiREg | 13

yield strength (g,)
ultimate strength (a,,)

lﬂ 0002k TR (strain)—»
frt 1.8, sl ol (culan 3 e wiieer-fighy s

(viii) f8 HH (Yield Strength)—7¢ 98 Tl & 9 W WM ¥ e an wRady
(Deformation) 8- & a1 el # 31t e Je ifeman vfaaet & < W frgfis o1 oy e 1 5%
o yard et ol 3 w21 78 ug s ¥ fafe @ ) 39 fg W s ¥ 93 (Sharp)
aftrd €1 € S Seis Uil (AVCw) ¥ dies Reur 29 fof wet 2 Freife 37 =t 31 s S
(Yield Strength) §% YA (Rigid Structures/Machines) F 3ifHHeq (Design) & fow sga &
TeyUl FRF 21 #ﬁnﬂ&&.@@ﬂ%«wﬂammﬁﬁcﬁ.%ﬂmacsﬁmnmr%@@—ﬁ&%ﬁ%
M= (Compressive strength) 3T=3T 8 7, STk ! TE T & (Shear) Y% Ted 9 o 81
T4 & (Ductile Materials) i 7919 T $d4 9l 357 21 21

(ix) TEH (Stiffness)—3d U1 & H0T Yo Weareey foremuor o fordly vt 31 For ol & et
~are] few i Bl 9 ST & W el g i a1 e S T @ Sw a

(x) TSI 91 2HAH (Toughness)— el Tt ¥ fasisi 3 (Failure Point) ¥ 783t 75 3
HHIET (store) T &1 & FI 30 Tord F THIE Fad #1 T8 Wa-Ea TG F 935 8964 T0
T &1 93 SR (Mild steel) 91 et 3 53 31 07 Wi qra1 S & s wer e (Cast iron)

| # v A A 2

(xi) fr@duT (Creep)—3= AU W 3fYs ¥W9 7% /YR & 20 ©F § @R fey

(Permanent deformation) ! fa&duT (Creep) F&d ¥ 9% @ie4d (Undesirable) 10T 81

(xii) HfET (Fatigue)—firel avg § Tt a Ml § TFNR ot 81 \, 39 99 9% a9

ST 32 ST 21 Aftee & TRedd 39% SR (Nature) 37 G Moae § Wited wfiw a1 39

: iﬁﬂﬂﬂ%&ﬂﬂd%ﬁmﬂ&m_ 9 (Failure) ! G (Fatigue) Fed & % TeY SR-9R XaEd
| ¥ Wt & a1 3o g w2 A

&ﬂ%ﬂwﬂdﬂ (Technological Properties) oo s
el T 951d & § Rl ¥ S 3% fafy fFFell (Processes) & foaw Iw@rd .ﬂ._.m | §9
ety T HR—eE-Aa (Castability), HeIH-3TEdl (Machinability), AfesT-arga
(Weldability), S%fafer@t (Workability) a1 Sffet (Formability) 31 &1 90 59 afifa 8—




18] shfaRn e @ v faae

1. TEATE- A (Castability)—T€ 013 71 ¢ R
ﬁw%ﬁ%ﬂﬁﬁ&ﬂ%%w el o1 At
Zs-drrga 7 SR W FlR — A _

. (i) A F1 T (Rate of mo_m&mﬁzﬁ%wd ﬁwa %M %w &MM ﬁ Mﬂ_ .W_ I %MM M_M
(Molten Metal} g (Mould) q mew_w._ < el 91 | e fesmga (Gating

Frd 3 =T SR ST ST W 2,
a7 5eE (Mould) 1 T/ 3 < T §)

6% I B R T w&wﬁa 21
Design) T i &l &I .
AEﬁﬂﬁmgmmmvlﬁmami%@%ﬁﬁw%wﬁw&ﬁﬁ
s 3% & oI 2, § W #e & faf wigell F 0 A3 (Shrinkage)
SYE-37e Bl 21 FAT AOoBﬁmbmmﬁmN FQ ¥ fau 12 (Gate) feA LREET
(Shrinkage) 3TdE (Allowance) fear S &) .
(i) T (Porosity) Rt S &1 AT (temperature) SR S 37221 &1 1 S
: ﬂﬂ%m%ﬂ%mﬂmﬂﬁ&ﬂ@ﬁ@@%ﬂ%iﬂsﬂ
| e 92 S §1 99 e FE (casting) ¥ BI2-8IE fog & <4 ©1
2. Tyl divaar a1 AERAATGE (Machinability)—SHI=l F¥H, HTE 3 et g w,
79 (Machining) 591 & 89 & ed 3| 7e ffi FF (Factors) W i &l 2 W—
: (i) Wyl &6 Aﬂ yifed &1 @Id (Machining Force and Power Consumption)—|
s fel AERERT B & ed s a1 STEvaEa Usd €, d vuw 3 & e @
TYi A 9 & St 3t 9 96 F sEvaEa w8 Al uad Fi weiAfafee] qgd st
{1 foel W 99§ SEvERal TS, Sadr & oifus Wik @ @I9 (Power!
" Consumption) 81T
(i) |8 q?ﬂsw (Surface Finish)—37=8 TR #1 ¥ag IR0 =3 HefAfafee] Hi
% 8l - :
(iii) T 31T (Tool Life)—T¢ T7-3F10et 7 ¥ <1 & Hefif fFarsii (Machining.
Operations) ¥ f&Fl 4R &I o1 §at ITEMT &4 €, <o-3fafd Fed &1 Wil &
Uil T F' 98 999 34T FWF (Parameter) 81 579 1 & fAq g arafy foeedt
<) & 8, 36 T ) R S 6 ot A 2
% .ﬁm@ AT, #e «ﬂ@ (Cutting Speed), T foae # T (Rate of Removal
mﬂ..m w..hﬁ%m%a v 3 m (Types of chips formation) T &7 i€ (Cutting fluid) F JER | of

3. m&i@% (Weldability) —9erd &1 9% 701 fi79% SR 2 G919 91 2199H HTgal i St
+ T (Fabrication) WRfEafadl ¥ ws fafvs o1 ¥ ferw o 7 ey =7 .
. : f ST S WA 8, Jeefafee] Fear
#1 a=fafaet nﬂﬂ,ﬂ FRH (Factors) T fnft et 3— -
(i) =T F @R (Types of Welding), ’
D: qﬂ% 3 G T TR (Types of Material and its structure),
(ii) A= m%_mm.,_w & ¥FR (Types of Welding electrode),

| wmr= gfwa 15
(iv) TeTd F S-S U S R TUIi% (Thermal Conductivity and Coefficient of
Expansion of the Material)

@M& afeefaferel TaTd %I $gEH (Construction) T TFRA (Structural) T F faw 3155

Eoicildl ,
4. Fhfaferel (Workability) a1 widffafest (Formability)—f&Fdi 154 1 98 3

bil m o1 o HROT

o fortt fiereird fafir=1 Sl ¥ 3 e < v 2, 9l (Formability) weemr &1 Wi

i # T (Ductility), HifTfaferet (Malleability) 3t it (Plasticity) 7ot 0 R 50 21

Er ¥ Frol fafiE TR # i (Forming) fFamd (Processes) Bl § SrA—faT (Rolling),

mﬁﬁfmﬁéaoa.ﬂﬁmmiéﬁ%mﬂ%sm_%i@%&ﬁnwﬁﬁml
(i) T a7 (Cold Working), Td i

(ii) i afHT (Hot Working)
FHifRE & il oA @ 3R BRE

(i) 91q ® BFd |3 (Crystal Structure of Material),
(ii) YT & 3R (Grain size),

(iii) e T FHI-3TER (Heat Treatment of Material), S8—3fiferT vd Aniemsie st

@ 15 o gl & e & R

(Criteria of Selection of Material for use in Industry)
st  gerd & =3, Rl 9 (Particular) F1E % AT 01 W9 weayel o ) 9@ e
F I, T SRR (3R § fau d o i o oo 1w ¥ g6 o T
o 9 foRivar B 21 O iR A o FE ¥ S0EH 96 WY §1 99 61 o ¢ Y &
794 & oMK #1 faif| $3 9 om &RE §— .
(i) TETd &1 U—TE F 79 ¥ g Tl & 39 v S o8 i i s S A T ®
4 9R@dl (Furnaces) % oy werd &1 ifaw SRR (High Temperature resistant) &1
Tfew wafs foim 90§ fr gerd  soregar 1 T W) 9 F A i
(ii) wETd ¥ FWIET & SMER W (Performance Requirement of Material) {5
Y A1 S ¥ o Tere ) i S (Fail) §€ 22 (Break) € F1E T Fiivsw sEfe-
(Specified Time) % &1 AMEd| T6& faU TR H ofiftafed & wmw]mﬂﬂlwm
STEYES O % THR W IEd F 999 R 9 #1 SR 29 (Truss) § foe 5= 9
Amwmrmqmzm?rg%mﬂ&%%%%%ﬁ%ﬂ
O B R U S & fe SeffRl, AR SR W I e S
(iii) TUCTEAT (Availability)— 7 T 51 7 591 F T8 SR 2 ST 20 Ted S
werd # ST 4 T aE ahe T w8 .
(iv) S8R g¥md (Working Environment OQﬁEnouvlﬂﬂA &l i a5 ®
%ﬁﬂﬂmﬂ%%@%&ﬁmnﬁﬂﬂ%.ﬂaé‘
mﬂmﬂﬁﬁﬂ%mﬁﬂm%m&wa@m@wa%%%



16 | wesitratin werdl e wad fawm _.
(Corrosion resistant), ST sfidet (Water resistant) B Afee! Fae F @Al § 3y
T FSEA Ed 3 o werd 3 SRR (Fire resistant) 2 =fsal
(v) STafvTE T W A1 wd ;e (Storage of Disposal of Waste ang
Recycling)—3ad & T # Nad T8 & TEA P
@ 3 3 e S § e F@ T

(Product) I J31

maﬂ«a@&ﬁﬂﬂﬂ&@aw_@%mﬁmaiﬂ&%%aﬁ&&%ﬁ

%ﬂﬂ«ﬁﬂ@ﬂ%%nen@mmgﬁ %Qﬁ@@ﬂﬂﬂﬂ%w_ r: TS 1 T T
R S e 5 S P @ d @ S
¥4 T FfiiEd §—
© s T (Working Conditions) .
© sEFR GEEW (Working Environment)
~ © w#A (930 (Process Control)
© iU (Resistance)
w FZ[g MadgEd (Cavitation Resistance)
we TIT AUy (Corrosion Resistance)
) w TS m@.@ﬁmﬂ.— (Chemical Resistance)
, ws a7Ea SfciyeEdl (Moisture Resistance)
w T4 JiqUHS (Flame Resistance)
> JEHTY YAy (Impact Resistance)
w g 0T SfRiYSa (Surface Wear Resistance)
w {5507 Sfq09sdr (Radiation Resistance)
© o (Stabilitiy) ;

© I (Economic)
W16 v gt garef (Main Engineering Materials)
s Seiafcn v frefffis 3—
; Emﬂwsﬁﬁﬁﬂﬁsﬁ (vi) F wd 39 g Ui
_mwvgﬂﬁﬂﬂmsﬁ (vii) foi e 3wa fay ug
G e T 3ga fier et (viii) ®IEF
(iv) el fag |rg (ix) 9
(v) faafer fag arg (x) fohed werd

Amv%aﬂlﬂm%,%ﬁﬂﬁﬁsﬁiiw.%sﬁﬁi@%

oIgell @1 A AFRT 37 a1 olie o A 2

3| 7z Taiaw S W 9y

- mmrg aftag 117
fafi=1 THR F NI 1955 Frefeifiag §—
, © HTRRs & deEs O firEe © T ’
e =rgall @1 FeihT— . .
1. —> {01 3EE a1 F=r de
2. lmﬂ&%@ﬂ%wﬁﬂllﬁmvwa%@
| (ii) Y9 TeEl e
| (iii) regd ed |
— (iv) *MEqae eqdl dmel
ﬁliﬂmﬁmw%@

3. }—> fieai @@

4 —> @ T =W (i) 9 TW 1 FT S S
ménﬁﬂﬂﬂm
5 b frr 7w ‘a,_;mﬁﬁﬁwﬂa

(i) et wd sawt fag |

© 7% SEURe IS § W9 o e © T TS 658° C I &

© ¥ 99 1@ IEEIE A O T fafire TeE 2.7 ¥ 8
wg@ tegfatram fas ang |

w -y g w feeferm we A - UG
(iii) #ifyrm wg fag arg

dvfiferam fag uig § @ dues frafafed §—

& TgmiTEE = 3 -10% O % =1-3-5% © TN =0-4%
yya fag g frefared §—

O =-9 (Dow-Metal) © ToaeH 4 (Electron Metal)
(iv) Tafea fag ag

g fagt urg Frfafad 8—

oA fmg O wHw OTWW O TN L

(v) feafn fag &g
@ fiifn s g Frefafad E—
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18 1 shfaten wnd v werd fawm

e © g faaftn 9g
Mﬁ%mﬁmﬂ © Tfaar—aiw fafe 7 oY
o frafar a1 © defan—faer faftr &5 ¥
Qﬁ.ﬂmﬂm Oﬁaﬂﬂﬁ%mﬂ@
o e FaftT o © dfsz g
(vi) FT & fag a1y .
I 5 o e Frefred

© TEUEE (2CuC03.Cu0,Hy)
© FEREE (CuCO,.Cu0,H,)

O FR WS (CuFeS,)
S IR T4 (Cu,S)

@ HIOT A °1g

& o9 (Brass) € #i~l (Bronze)
(vii) i@ wd 3wt fag a1y

fiT 91 Wit Fr gl § o 8—
& famme © FaTs o s == Q FAFAARS
yq@ fus a1g frfataa §—

& tegfifra-fs i O © srr-fiw g o1y

© FIm-fi5 frg a1g © drifern-fiis fag g

& dE-Ne g arg

v (viii) TS

@ WFHH q FFAT T F e ¥ T S5 2

TFF Tor—

S oM © ug & T & we

Fm Tor—

O wikmE ol O e O foree Feivse
@Mﬁmﬂﬁ.ﬁ O Hege © R © 3EER

& TarH O =i

T & TR 7 5 e T

& gHfafeT o o

(ix) Sfw
7% 9 54 IR § I B

ST F el R o, e, S, e

i wifrs ued—

© facfies © T © R

© dueed © TR © I
(x) ot

© T &g = 2000°C

@ okl Ui fefafad 82—

O TTEeA © wifd=™ & Twen

= e WERI e

e TaA—ea% 3Td 59 Tod 991 IUS Sl F1 3 T A

g ufeg | 19

< \.mm.u.a Z 2%

o F=E=

_—

e

o — R 1 98 YEl e SR e U 5 S A9S] § U6 59 94 Ee S9ar

| ae M # B T, SIGEH Fean &l

g 9 U1 W9 T & ai—
© AT T R S g 71 s

@ it frand—ffared §—
© TREE T = S TR T
© wag Ifrd T © EHET %

© e 3fe & faT T T
ettt wad & o or—

() THrEf o (ii) ST o
(iv) SR T (v) gifis T
JER | wEA HT MER
© e &
© e

G 9Y T WA

(iii) T=FE T

(vi) SR T

C TTH ¥ 3 TF ¥ IETed
S [WETE I

© T F ER I FRAR T T O s I

QST e
() vite uTqd wd S frw Ol (vi) ST @ IS A
(ii) YT TE s ad vid) 6 T SER P O
(i) iferam wd e AR aRd (vii) WIS
(iv) fafer fsr wig (ix) FiFrE
(v) forafar firy wrg (x) foree




20 | s=hfwaftn vard @ wed fwm

(2011, 03)

1. o frem &2 et £ ¥ 5 T YT 27
2, %@Eﬂﬂ%%@ﬂﬂ%nﬁ&ﬁﬂ%m%%gl
(i) @ 39aR (Heat treatment), (iii) @1 A (Grain size)
(ii) f= am (Low temperature),
3. qaref R (Material Science) T4 €Tg®H (Metallurgy) ¥ 31T T T ©7
4. %m@w%ﬁﬂﬂ&ﬁ%ﬁs%@mﬁﬁﬂﬁ%m%%@ﬂ (2007, 06, 03, 01)
5. el % Freffaa it @ it @t aifore-
(i) =T (Weldability)
(i) weh=F araar (Machinability)
(iii) e (Castability)
(iv) 3ER & & dradr (Formability)
6. ST & aeigpa TOTER R 1Y T GHE €7 (2003)
7. i e 3 Faa g are verelt & -2 it orent & €2 fofae (2008)
8. et & fafér=t aifi@ o (Mechanical properties) & 7 fefad | 3 g7 (Mild Steel) @
yfcraer-fagf (Stress-strain) ﬁzﬁ%ﬁﬁﬂmﬂjm&%_ (2002)
9. gsifafin # arged (Metallurgy) & 31 T (Scope) #?
10. sy @l (Engineering Materials) & &= trmafe quit @1 avfa aifael
11. #fimifiet v (Engineering Materials) & fafim @ifa® 1o (Mechanical properties) @
vl i
12, §aRT ARaes & st feda (Technological) uaw &1 auiq Bl
13. et e oo b et 2 fore i W @ e o et ) et €2
14, 590 vard & =am  fore fopm- Ry arelt e et <o anfee? (2002)

15. f&8 e B g (Casting) & divaar (Castability) - BR®! (Factors) T iR axdl 8?2

16. varell & BiHfdfert (Formability) % o7 @ Wi &0 a SF-2 & BRe 2
17. frafafEs w i fodl fifed-

(i) TeTd B 3MER & B 01 (Formability),
(i) ‘n%u.gam_ (Machinability),
(iii) doe-draar (Weldability),
(iv) 3 % verd & 5 & R,
(v) TS 0T (Magnetic Properties]

(2002)

(2007) |

= gfea 1 21

1. i ot o oo -
(i) HerRoT ¥fkRY (Corrosion resistance),
(i) FSENRET (Heat capacity),
(jii) e ¥ YRR (Thermal shock resistance),
(iv) FST Teedm (Thermal conductivity)|
19, Frefoiaa @i & - ‘
6 @ (Strength), (iv) dmEas G;onmrbmmmu.\ :
(i) GUEIAT (Plasticity), (v) i (Fatigue)|
(iii) =41 (Ductility), i

20. ferpfir @ i &fsre| fogpfy o afaor 3R R s &2 wereer wd s gt & e
aiforel

(2013)
21, Mt et & aifexor vd 3eewdl 3 39s Tan Rgr & e s
1. e e ¥ 9 5w wen & fore wam fan siman 29
(a) 91 Ve (b) 31aEh WE (c) urg Fresdon (d) ST T,

9. afth P 9 Th-a e 2
(a) e 9RsHq T4 (b) SEEHT A
3. CFRP&- |
(a) 4 (b) Hife
4, faftre Fe & 95 &-
(a) J/kg°C (b) kd/kg°C
5. TRl o1 w &
(a) p=BxH

E, YA S5
(c) e T

(c) (c)d (b) i

(@) e W
@ %ﬁm@w
(@ AR
H

B
(b) tnw. ‘nmv\t.um
8. WRRlewal o) ST &~

@) g BXA o py gu B

N 1
7. Ui g 2-

(a) TS & U

(¢) FfeierFal % T
8. smaraedar B 2-

Loy Wi

(c) ¥4 @ 9§ T&f
9. e B -

() " U

(d) p=2BH

() o=RxAxI (d o=R

by Sl ¥ SRR
(@) T Y F T

® T
(@ (2)d () T

(© wﬂ_w%ﬂ@ (@ (a) 3 ()

(b) & T
e




RN
22 | sitrater verd w@ werd o
sebeil ks : : (@ ()3 (b) T
(@ p=pxp, B 41 %107 H/m () T qEE T (a) ®
11. e 3 ARRA B A B 8- At
(a) E.€ " (b) 65-70% () 60%
12. ﬁm«mﬁ%mﬂﬂﬁ%%g%%w- R
(a) 97% (b) 96% (c) 95% (d)
13. ficat eier S 8- . & .
@ ¥ 9 FE T
(a) 100% Y M@ (b) W&ﬁ% ‘@%ﬁ&ﬂ .
14. RemiFwRe &1 THEARE A ©-
(a) Fej0 (b) FeyO3 (c) 2Fe,03.3H;0 (d) FeCO4
o - o g 8- cw. (d 0.27
(@ 27~ (b) 3.0 (© 0. X

16. TOR R a1 & JEI HIES &-
f@\oa = 85%, Sn = 15%
(¢) Cu=95%, Sn=05%
17. fie <= @ waaE 9 B-
(a) ZnCO, (b) ZnO
18. f37® @1 fiftre 1o g -
(a)_§9 (b) 6.6
19. IR 1 NGO aaHH B 2-
() 500-600°C  (b) 600-700°C
20. ¥RT {1 & GO WUCH 2-
(@) Cu="70%, Sn = 20%, Pb = 10%
() Cu=80%, Sn = 20%, Pb = 00%

b %@ 5l
1, (@) 12 (d) 15 (o)

14. (c)

4. (d) 5 (c) 6 (a 1. (b)
15. (a)

(b) Sn=85%, Cu=15%
(d) Sn=95%, Cu=05%

. (¢) ZnO, A@\me
(c) 6.3 (d) 6.2

(c) 700-800°C (d) 900-1000°C

(b) Cu=70%, Sn=10%, Pb=20%
~[9)-Cu =80%, Sn = 10%, Pb = 10%

PRSI |
10, (d)
20, (d)
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6. (@ 17. (d) 18 (@) 19. (a)

(Structure of Metals and their Deformation)
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ufterd (Introduction)—¥l- T84 T (Atoms) 3R SR (Molecules) 5 fasx 355 &1
ﬂ&%ﬂwﬁﬂﬂﬂﬁmwogﬂmmmvﬁ%%ﬂﬁgﬂﬂgﬁmﬁugu&ﬁﬁﬂﬂ
21 fopeft w1 1 IR IF W (Crystals) T T (Grain) T el <11 31 01 = 7 & 73 =5
F T TF TR ¥ 954 W R 2 R )

e

YIEvS % GOH F1 Sard e e 8—
¥Iq @S e
(Metal piece) a2 3 >{(Metal particle) .
S TR T T wWER

o Rl u1g 1 Tl S & A T § T S 9 s 6 3 WEE I W
W F G T 3T P W IS 9 A F I
B 2.1 gareff & @<
T Fi SAF T (structure) F A A H TAHG W TR 8—
1. ¥ HTE (Macro structure)
2. &H WA (Micro structure) X .
p TS HTEEAT (Macro ms.:neﬁmv|ﬁ3mwﬁdﬂﬂﬁ@ﬁﬂﬂ%%ﬂéﬂ.ﬁﬂ
e g dg g ¥, e G Se 81 S—ewal a9 (Cast Brass) ¥ S W W1 W
Wieei & s s g ST g )
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24 | s=hfrafi verd wd ward faw . .
| ; e o 2@ & g AT &
qeu [lE (Micro mﬁEnEﬂmvl.ﬂE mm_ 8 9T et & i
(High Magnification Capacity) F ST Aﬁ.@i.ﬂmwmﬂc F AR T qoq
et 81 38 &9 07 9@ § F5a (Classify) T TR e—
1. fiFe ¥ (Crystal structure)

2, geia2(q S (Electron structure)

3. fFTaT G (Nuclear structure) . .

1. fFs @& (Crystal stricture)—aupE @ faf
frddg gREf F ST ¥ feg @ @ Fed el
FTRU—FRS F T

Arrangement of atoms in regula
repeated pattern is known as crystal.

—

r three-dimensional

ﬂmﬂ%@ﬂ%m&@@nﬁﬁm%%w
fd 71 9 G 71 iF S Fed € e, wHE HIE,
TN T SARH T A G F A a@ frafafad
F—
fe@ 2.1. Polycrystal structure
Unit cell
A
A BN
{1 BN
IHRY
Crystal
Electrons
Nucleus
Atom
Rm 2.2
& 3 ST 3 A
% ﬁ%ﬂﬁﬂﬁigﬂwawﬂww%m%ﬂw_ :
9% Hew ¥ 8

[

a1 @t wten gd faeaw | 25

(Aﬂhﬂﬁw (Crystal System)

@ F A 9T SFH B vy w § wn@mmm.

| T R & ?

(a) ¥ T TS1d (Cubic Crystal System) o s
(b) T&HTd T TEf[ (Monoclinic Crystal System)
(c) B9 &1 9SM4 (Triclinic Crystal System)
(d) TeSig a1 iy o gl (Hexagonal or Trigonal Crystal System)
(e) mmm__wd.wﬂ Tl Y&l (Tetragonal Crystal System)
() 77 @1 TS/ (Rhombic Crystal System)

(a) T T@1 TRM—39 @ TS ¥ 6 qum 4
.. .ﬁmﬁﬂﬂwmﬂmﬂ W
TWHA=B=CTla=p=y 3 & T dH & 99 (.= p = y) =90° m
FI07 21 81 §9 W@ UG ¥ FCC, BCC U9 WMRY 57 37 3
By e
o. i
2¥ A=B=C
- o=B=y=90°
ftm 2.3. o9 @ uzfy

@ﬁﬁﬂﬂalﬁﬁawﬁﬁﬁﬂw%ﬁ%m_&ﬁﬁ- & ferds o
iw_%dﬁﬁ&&wgﬂg@aw_ﬁmbumuo@swaﬁpmwnﬁm%%w

| Sfeer i o 2.4 ¥ a2

(o) Tt anefta o wfo—3g w1 vefa & 4 ore e ¥ e SEfEg
. : W TR & 99 fids
B T A% B2 C Mo p =y »90° 8 ¥ S Fs R 2.5 m%%@%

A#B=C
o#B#y#90°

fRpr 2.5. B svalra <ar uEhy
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A, B, C = Line Dimensions
o, B, y=Angular Dimensions

. fom 2.6. weaia a1 T

. @%ﬂﬂalﬁﬂﬁaw%ﬁ%w?ﬂ@&ﬁﬂﬁ%wﬁﬁ-ﬁ&
TR 2 §1 99T 37 ST a1 937 B ¢ St SR 9UM 3/ § @ead 8l &1 98 BCC T4l Simple
cubic & U1 SR 31 TH A=B#C 9% = p =y = 90° g1 21 591 o5 fo 2.7 F gwtan w4 R

(f) TR T R — gl A S e % o A @ Sl Uh-gE B GHEmT W FEd
T ¥ 0 ) Sl o 991 3 B U SR T T @1 9 A 2 B C @ o= = y = 90° WAL E
S s o 2.8 & qufan T 2

el @ e g e 1 27

(i) FHFEM W (Electron Structure)—39% T4 % WHME (Atoms) 3 %G B
(Outer Shell) H md@.ﬁm FIRM F AET T 8 TEE we HHETEN (Spectroscope) F
..m.m._‘m—m._ .@. ﬂ Eﬁm._. W_

(iii) MBI AT (Nuclear Structure)—zgH 25 e § 9l w6 g # R 3 =
i ﬁﬁﬁﬁwﬂﬁw 81 ST eI et Ao W (Nuclear Magnetic Resonance) 5555 S
@.ﬂ%ﬂ_

B @(\Vﬂ& B G T IS O § e
(Relation between Structure and Properties of Materials)
qef # HeE H ved faee F e 4 o § aifed = ws —
1. ffed™@ ST (Crystalline Structure), 3R
2. g G (Non-crystalline Structure) |
el #i W e B 8, SafE S (Ceramics) T UieHE/9ge% (Polymers) =1
ﬁﬁﬁwﬂm sifrd Bl 81 Terdl F Wt wE Tl F e 51 59 3499 (Table) 2 SORE
foven T E—

3= verat & W= wd “_.Hd.w H wa (Relation between Structure and Properties of
Different Materials)

e G - FETERT

(Materials) (Structure) (Example) (Main Properties) 1
YIq¢ (Metals) [Er=icipt dile, e, RN ¥, (5 © i § gees, 7S @
T a7t i IBIGEL (Ductile and

Malleable), 3% TW® (High
Strength) 3{iT 3TREIE (Opague)t

i (Ceramics)|(i) fheesig TS (Quartz), TG |3 ToF (High melting vﬁus.*
" |(Magnesia) [MgO] W (Brittle), $3R T8 351 W

foee & FamET

=1 @ [ § T9ow, 9@

glass), @FE, =IO

37fe)

I R O P NN ——
(Polymerg)

(i) sIfredm |fafes  m (Silica

9 TS (Low melting point),
7 9= (Low strength), s
faequy (Highly Plastic
Deformable)!
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. . Fed €1 T IS 9 §
- ﬂ&%ﬂﬂaﬁﬁjEwmam%@@ﬂﬂﬁm%%%ﬁ%%m_é&ﬂﬂw
T %ﬂﬁ%ﬂmwﬁmﬁﬁi.wiﬂ& , i ;
T e, a1 ¢ Al 3 ot fs T e S
i Atom)
UH] Wm.ﬁ m_mﬂ. d amm_n Elements of an o :
s Hﬂ h.uwﬁ._w”mﬂﬂwﬁ @.M w&ﬁ.@ﬁﬂ%wmm@u@# g2 (Deutron), 3eH DU (o-Particle),
ubatomic ’ <y
TG (Meson) &l . i el 3
i) o l&ﬂﬂﬁ&ﬂﬁwﬂﬂi%ﬂw_wéﬁﬂf (Nucleus)
:m&%%ﬂgﬁ%g:@mﬁwm_ﬁ&%ﬂ@m%&%ﬁ@ﬂqﬂﬁ
e ) P e 1 TR  FoUT-STaT S €, ST A e % -0 &
S 3 1 e BT FEMM (Mass) N2 & S FH 1/18364( 9T B 21
(ii) ‘Sr2HT (Proton)—J& ¥ # YA 4R (Atomic sam:s%ﬂﬂuﬁm,w IR & m(zw
O B 21 S T A ¥ fad S 81 g S-S0 €, S e §
ST ¥ T A 21 e & g, e e §, 39 WA HET (Atomic number)
¥ FO A 2 , , ) it
(i) T (Neutron)—3J& T & e  fega 2 &1 2T 3Tl Sfafq STererdfed 21
T IR @ G F R o 8 39 9E o S $ 9 F aUe w6 2
W 24 ol 4 RAW-sRF a1 TS S (Atomic Bonding in Solids)

. o vod Tt 4 @ 9 IR 9% 9wl (Internal bonding forces) § e (8)

BT 8 T R ¥ W ¥y g 9 98 W 81 9% §1 990 (Nature) R M F
i, 3, T, feg T e R w E

URHIY] & BT TGN (Classification of Atomic Bonds)

TN H A R QT g i—
- | Atomic Bond)|
X
& }
. fiiias du
, %H.E.EW .wE:E (Secondary Bonds)
(Tonic bond) I et RESISH e ety U

(Covalent bond) (Metallic bond)

(Hydrogen bond)  (Vander Waals bond)

e

% oA TN ¥ S|

aIgEi w1 wteA v faewu | 29
.\. .
/\u_%mﬂu%aamiwgelﬁﬁiwge %mﬁﬁ&ﬂﬂﬂmﬁ@@ﬂ@

ﬁm%@aﬂﬁw.ﬁ%m&ﬁ&%%m@ﬁﬁag@&za:ﬁ&iﬁw&ﬁ%
3 g T 9 TR 38—

1. 3% T=M (Tonic bond),
2. §2-HAIF T4 (Covalent bond), ikt
3, yifeas T (Metallic bond)|

1. A T4 (Tonic Bond)—%8 547 ufiws 3R arafs aii § GBI (Compounds) &
T A Q1 T O T A dd SR W W @ e s o e s
7o B TEV F € 3R T (Bond) F1 FRI A S 21 9 e W v w@rd B
ST T 81 ST & o Wifea wikgs (NaCl), dwiferm 6Res (MgCl,), S99 siwams
(Cu0), TR 3fEE (K,0) 5afs ¥ amaft aq 3 £ difean Feiee (NaCl) ¥ Sifsgg
(Na) 3197 §eia2id FI @M F IIERT 2 S 2, J6iF TG (Cl) 3990 51 189 5% SRRE 3
S 81 3§ O R ST o (Electrostatic-Attraction) TIfUE B SR 21

Na — Na™ +e
Cl+e” — CI7
Na* +ClI~ — NaCl




30 | gt aerd @ erd fa . i
safi a9 S A Fe S e (Low thermal conductivity), 3= TTIF (Higy

2l
Melting point), ST (Brittleness ) T I wd.,.mq_ ﬂmwwwﬁ ] - a
o, WeadraE T (Covalent Bond)—HeqalsH o7 W geIRl

ﬂ%nmaﬁnm,wﬁﬂm_ﬁg%ﬂiwﬁ%wg _ﬁﬂ

Cl—Cl—=Cl,
R 2.11. TR 319] @1 Ffor

3, af® &= (Metallic Bond)—3% T*F T & @@ & s aei § 9@l S &
afes aA ¥ o1 9 A9 Soe F S 4 AR @ 99 € S WA gaae i 39 9N
T TF TR A 9 feag 6 # FEi A A9 81 61 § S (s-STEfe) v e Ay
(Electron cloud) 3179 ¥ 3fid 9% S (Bond) F1 FIvT &4 §1 qe 31 i, Uegilaa,
I, fEm A AIgE § O S §1 9 9RE ¥ °g § 999 (Ductility), fHEd Ao W@

jwaﬂﬁmﬁasasaaiﬁﬁﬂaa_w_ Har o g uifes 9 F1 R
mﬁ_

\a.m\\sm.v
¥ 7 1

" aga &t wee v faean | 31
e T A S & A K Yo w1 7w el o wemE 4 e
(Dipoles) % FFIUT 1 58 & &1 1 S/ F+01 SFFM W FoMeH # 3T (Separation) 7 2,
fgyd (Dipoles) FT FTT & Sl 81 T% faxd % wq fR (Positive end) ¥, @ fagg & F=omEA

amt R (end) # TR (Mutual) JFT (Attraction) ¥ 10 fidfias o= 31 i o 31 2
T & A E—

1, TESIA T, 2. AFST 999 9% (Van der Waals Bond)l -

| 1, e 99 (Hydrogen Bond)—%% % f¥l Yor 1 fidias o & fogs o5 oo &

Ul § TS I S €1 WESI TN ¥ S O (Loose) T (Attached) B #1 3R

| 79ié% (Adjacent) FI 370] JRITIER SERIIEd (Electronegative) SR B 2, O 98 TEENH &
| womeit F T SR ST A § T TS HH-3MART & W 31 56 e R @ e A
| s 21 feegsl & 90 WS A TSI a1 Al @ o R o e e WS (6,

S (H,0), SR (NH,) 3fe § 901 <R 21 3t & fau sesion wise ¥ eRee o=

¢

. -
FESISH A .

Rt 2.13. EREOT TeIRTES (HF) ¥ ETegieT dve

2. G a1FH & (Van der Waals Bond)—39 & &
T4 ¥ e 41 2ifrg wooEl ¥ 3T (Induction) F &
fe¥d (Dipoles) & S &1 TWe & F7 (Vibration) &
210 ot fgea & o & < R
| O Ty ot Ao & qEl wo ¥ foyd o fmi .
T R T YER G4l G Ch-g ¥ o e oA
Frrafor 3 91 §1 7 9 dgd PSR S 81 WA T 6
A # e e g i E @1 98 SRS o

| fr=r woR § B R—

®

A

S A F oy 9| 21 TR A AW E @ s ((O—————O :
" | (Melting point) Td a%H WY (Boiling temperature) &9 Ryx 2.14. WRa f3a (Induced Dipole)

T B 21 RSt Ay S F A B TR 3 e e—

fRra 2.15. 9r=X ares §¢ (Van der Waalls Bond) =
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Relation between Chemical Bonding and Properties O L
mﬁmmﬂ»wﬁu%ﬂ%%wm&@%%ﬁﬁmwﬂa%ﬂiw
T o 5 > S, A TIEL AN E : ‘..

1. |TeH® (Melting point)

9. |7a57% (Boiling Temperature)

3. |s51 w8 faR@ =i (Thermal
and Electrical conductivity)

4. |FPII (Hardness)

|57\ T (Brittleness)

6. |7 (Ductility)

7. |fewiffafeRl (Deformability)
W 26 ergel d wmgs @1 fa=a (Arrangements of Atoms in Metals)

v sﬂ@ﬂ&w%@ﬁ&mgiﬁggﬁwﬂ%@ﬁﬂm_aw
Frefor qemEl & fifeed 9 § oIvg § se @ a8 T § 59 Ffved A Hae
TE 1 G Fed &1 98 o TR H e — 1

1. 3MfvsE & (Molecular Structure), T& 2. & A (Crystal Structure) |

firteer W (Crystal Structure)—FHWs & frafi fifedi TRER (Repetition) ¥
&Y (Pattern) F! fFd 360 81

.wnﬂmﬂ.;ﬁ_.ﬂw (Crystallography)—fFdl 3/ & fFea 1 fiv, @1 (X-Ray) g0
am&sW T 1 Yo O, TR & YR Ud 39 <6f (Defects) &1 35T (Study)
Shedld Bl
 Torwemt forem o1 v (Crystal Systems)—fire R w@ =i sgae 3; forad
ﬁ.ﬁﬁ&ﬂ%ﬁm.&%&:w%%ﬂ%ﬂmﬁw_ et 31 wafafy F1 3% frd
(sides) T TR, o, b T ¢ T B F A F BN 0,p T y F TR g7 A TR §1
fq%7 | (Seven) Y8R & 3 §— :

" © RMS& il No:mgwﬂw.mﬂm AU (Tetragonal), 3, YCHIUNG (Hexagonal), 4. 3R]
ic), 5. )
(Triclinio)! £ (Rhombohedral), 6. iﬂﬂﬂ (Monoclinic) Td 7. w._w-%
m 27 mw_mﬂ HEF (Crystal Structure) & UHR

g w1 Hvas v faeaw | 33
1, IT-FHEd O W (Body-centered cubie structure) 7 AeFoFe (BCC) i1,

2. FF-F5A T G (Face-centered cubic structure, FCC), T3

3, ST %Lﬁﬂ T (Hexagonal closed packed structure, HCP)!
@) E-ETE B (BOC) HRel

fert 2.16. BCC W B 3o Bifv

o 3% ¥ G (BCC Structure) H T3 ¥ (Unit Cell) F 59% % (Cornen) ®
TF Q] BT € 991 TF TAY] 91 % 9 (Centre) T T 21

% B (FH, Corner) T & THY] o THE HIVIHS 27 399 § T (share) T 2

& TH TER UF TR S A (9) THNET § e 3756 #

& T wEiE T $EeT (APF) 0.68 3 2

& T8 o, JAfeaE, FIfEE, SR, diftee, ot Sge ¥ ua s

(i) Pelh-divad ¥ (FCC) HITAI

fir 2.17. Beiw-Biva T7 ST (FCC Structure)

* 39 T | 3FR FIH (Unit Cell) F weld T (Every Ow:—miﬂiﬁm ﬂﬂﬂ@ﬂwmﬁ
ﬁwﬁ@ﬂwigavﬁﬁwmﬂm,ﬁ.ﬁﬁaﬁ@ .

% ﬂﬁwoogwﬂm%ﬂmﬁ&ﬁ:wﬂaﬁw

< FCC St § weified 4T et (APF) 0.74 T &) . 15 g

% FCC STa a1 yigst § @i 8 (Deformation) 1 1 ST @ AR
I 7 Y1 I R

|




(i) Se@wa wes 4TS (Hexagonal closed.
ﬁwnﬁm&. T .
=q fFed A H—

& TTHAF ¥ s F4 (Corner) W -6 T

& THTE TN EEi (3 EEE) e
(Face) A €,

4 TF-wF TN @9 J=E (Rhombuses) DFEL
cmmwﬂwﬁo,w%iaw. S 79 e H
Feee-19e T 2 _ ~,

.“.ﬂaﬂaq&wooﬂwm_a%ﬁ% i
92T (APF) 0.74 G131 5 i

o 378 ST s 1 He 99 (17) A 8 Re 2.18. HCP SiRer = g8 Biftran

& HCP S 7, e, Ariferes, Stferw it argel # o ol 21

M\g freea-wafifa (Crystal Symmetry) _

forf et & Tl 5 O PR 9 § SR (Arrangement) T fea-gafifd e 8

it e ¥ wompell @ fora o ffied w9 § @0 21 9 wwfafa fre ger @6t et 8-
1. ¥9ffd-%% (Centre of Symmetry) 3. FAMIA-TA (Plane of Symmetry)

2. gHMfd-97, (Axis of Symmetry) |
.y 5 &_
,, A |

a
/QTNII&\

m._n_,w__w_.wulqm (Centre of Symmetry) .

| w4, e e el e e favd feew
aﬁzﬁﬂﬁﬂmﬂ%w@ﬁﬁiw%ﬁﬁﬁmﬁu”
ﬁ%ﬂ,ﬂﬁﬁm%wﬂ%&%&w@&ﬁﬁﬁ%
8 foretrt § 7 2, % v 9t 2 e o at 3 8
FHRAT- 318 (Axis of Symmetry)

| ﬁ@mﬂﬂ@ﬁﬁ,&aw@wﬁﬂm&ﬁag&

F T o
e KR LI U e e
T & g et bl 1

Y
ﬂﬂw_m_.-mﬂ (Plane of Symmetry) e guffa 3
- e T e o fera 2.20
e it Lonegs) W R, ﬁ?a.ﬂ&wﬂ@&ﬁ% %Mﬁﬁﬂmw@iﬂﬁ g A
21)

gl @t gean wa fawa | 35
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C ax r\wﬂ@mﬂm m«m.,&m_ 1 &9 (Crystal Imperfection of Defects)

1@ fFed § fef e (Space-lattice) F i frgell W w ffyee o9 Sefed = )
%&wﬂmﬂﬂgm@&ﬁmﬂﬂﬁﬂﬂﬂ%ﬂj@mﬂmﬁﬁﬁﬁﬁﬂm@m_
frze A GEEE TH ONEEE O ER A Y W ¢ RN § e a9
(Strength) & 31 ST1 2, SR ST el O fogq e F T 95 T 2

@ 2.10 5% &N & WOR (Types of Crystal Imperfection)
frea-a T &1 § FiF TR F 86 §— :
) fi&ad (Vacancy)
: TR S9/319fE (Substitutional Impurity)
U 3TYfE (Interstitial Impurity)
. Sehet S (Frankel's Defect)
Tz 29 (Schottky’s Defect)

1. farg-Sr @1 STl (Point Defect)

. = fou fa%¥9499 (Edge Dislocation)
2. T@I-3¥ (Line Imperfection) |vm

ﬁﬂmlgﬁ &mv .@ml_,m.ﬂzﬂ (Screw Dislocation)
3. J-21 (Surface Imperf Vlvm Zdil (Twinning)
3 - r mperfections i
e wfET €Y (Stacking Fault)

(ue-faftrg &)
4. I (Volume Imperfections) (Fr-fefa )

1. Eﬂ-%_ﬂ (Point Imperfection)

3 3 T lattice) § TETRT @ oruRafy & w0 A0 T AW A o FE FHE 5
e & 96 R 8—
ny = N;Ea/¥D
e, n, = farg-amt & e
zanﬁﬂﬁﬁﬂammg%wﬁﬁaﬁmﬂ
E, =3 & fmi & for e I
o = Sieest 17 Freis, (1-38% 107 J/K)
T = T (°K)
fafir foarg-2ndl v widw & vl fr @—

(i) X (Vacancies)—FFee-STe (Crystal-lattice) ¥ T % o @l ® 9H & 3

| Hmﬂmﬁmﬂﬂ%éﬂw_ﬁﬁ@@m@ﬂﬂaﬁ%%ﬁmw%@gw_ﬁ%

1% S ﬁﬁ-m_.w_ﬁ (Imperfect packing) &I o7 3TER & 2R I 2 S Hl



R 2.22. Rl (Vacanc y)

(i) SR €9 (Substitutional Defect/Impurity)
_af syt e § 9 U1 % TN TR SIeE 3 qe€
N 3 o CrfE T 3 9 | o9 8, O 78 e H
%ﬁﬁ%ﬂ%ﬂwm_

!

=1 g F T
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R 2.23. wiRITA %M &aﬁe ,

(i) ST IFE (Interstitial Impurity) —FHH 371 1 F T STH FHdm ﬁawwa
(Insert) 21 ST 31 3 W] ai1ew] el & woao] & 12 3 ¥ 1 T STNfE 1 SN Sgarers a4 7
fepan < 21

(iv) %% 3y .wm .ﬂ,.._.mﬂw & (Frankel's Defect and mnrcgww,m Defect)—T& I F 3
Frafira +m 4 el T ¥ TR 8 S0 S e 9 Fad §1 SEiE U 3 a5 el (e

RV S (et S § Fever ST 31 908 T 97 ST 8, @ 9% wieat A (Schottky's
Defuci) Fed g

O, O 2O D O O

O O O O O/ﬂu Ov O.“

o Wvlvo O @) o/ o :
= © OFED O |
DO OYy

ol O o TeR

fera 2.25. $5%5¢1 B (Franker's Defect)  ferr 2.26. wicad oy (Schottky cmao,c

B

. : argati &t weaen ua fasaor | 37
2. ¥ A a1 S 3R (Line Defects)
¢ U T < A @1 9% 9% 3 @ e e e e fewed (Disturb) 49 20 3 A0
% dfe S &1 TR <N, SHA (Slip) F1 SFTHRON (Concept) 31 FH3mT (Explain) 3, fe3 aiqeil
Y wified T (Plastic deformation) EWI 81 fem (Dislocation) ¥ T TEF (Strain
hardening), A% FIS< (Yield point), I (Creep), %eTT (Fatigue) 31 %1 SFFRIT (Concept)
1 g T €1 48 U & IR A — (i) o forear (id) g S
(i) Tt faeeaneT (Edge dislocation)—34 ¥ £ 2.27 %1 W & wwm w59 &1 fea &
T (Slip), T HiewT 31 fRen# 4pcp 7 R 2 fiFed % o 7% F R-fere (Unslipped) 90T
3k @l TF & T (Slipped) 9T & & &7 97 4D
3 fau A9 (Edge dislocation) &84 &1 ABCD

fereatfid 9 2, 9 S 3 9 foRenfid € T 21 9w D L
Foreare foary a2 &1 foun § 2, St 919 (Shaded) 89 < B5
g T &1 FaTT @ AR 1 AR A (Berger's | - |Eg et
vector) § AT 1 foreanfig Y \AD,W T R | ,mu,ﬂmﬁmcv <¢,Son“
e F SFEET (Arrangement) i R SR ST ST i .

. AD = T T
T @1 (T % &9 7 e So S o S AD=] o

2

forenfi @97 & SR SE® HFiad (Compressed)
7 o 8, S 39 W WuiisH Ifqed (Compressive
stress) TTAI 2 SHfe Rl oo % A9 e @ § da 21

fom 2.27. R s

ferr feremee & feer qa % S Al o Sifafted T o 2 R, 9 39 s e e ()
F5d 31 A ifafed wEm-ae e 9w % A ¢ a5 R e () #5946 9

@w».@.%iﬂd@ﬂﬂé%wﬂﬂﬂﬂé&%%

(i) - R (Serew Dislocation)—gd T foear o e §1 T vt it 39X 3
TR (Parallel) 811 31 S5 feme &1 56 2,29 $1 9erm § ¥ ¥
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Ry 2.29. aﬂ.w@_ﬁ. :

5 4p 5 ofe 9E 3 g i ¥ e, feqy g9 @ faam ¥

ﬁﬁdfama@mﬂmﬁﬁﬂaﬁmg?mﬂ_ﬁﬁm,ﬁzm_ fem

%@iywﬂéwiﬁa@mﬂm%m@ﬁ&mﬁﬂﬁﬂm%mﬁﬂ@@
4D, fie X & T (Parallel) &, Sfare 78 faear o -foeare @

3. m&.%_ﬂ (Surface Imperfections) ) i

e 39 Fred ¥ 7% (Surface) T &1 &1 T8 ZAf feee aRUSd (Tilt Boundaries) & &9 §

Rk - i ,

ZfM (Twinning)—38 47 3 ZdA AR0sd @1 399 o F&d €1 Fe A9 TH TR W

W & 5 2w R O TS 41 (gdv-vffa) fred S el g fae 2,31 51 29H arved #©i
H9Y T4 81 N7 4 W& W7 B CH-gE 99 §1 DE W OF <M aRvE @

’ _F T4 aRvEd

W 2.11 737 &1 571 (Deformation of Metals)

Rl AT (Metallic Body) 3 T (Shape) ¥ a1 771 a1 0 w7y ¢ & 9 gftedd A

9#H] (Mechanical processes) T 3 i

3 wnical proc 1] % S9Y9S R § yiEfad

w%lﬂ il _wmas.ﬁ .mma (Strain) ¥ WG (Measure) ¥1 figfy 3¢ vor 9 S 3
mﬁm& fagfa ngitudinal), Folg fozfa (Angular) 91 57 (Shear) _mwa e «

feeyor %% 21 faf i

agail @t Wt wE o | 39

ROt P UPR (Types of Deformation) ; —_—

Zif SoRl, FE—UTAT (Rolling), FIRTT (Forging), FT (Spinning), ] (Extruding)
PR Gierl M g e P ik

1. 5y [ (Elastic Deformation), T8

2. WiEH/gH9ed &7 (Plastic Deformation)|

weared fa®au (Elastic Deformation)—{FHl e W & o 7R R 365 IR ¥ WRadd &
ST 81 e 56 BEH W T8 fawar (vE) e (Disappear) 1 & 9 S €, O 5 faere &
%gﬁmwﬁﬁ%ﬂﬂsmﬂ&ﬁﬁwﬂigﬁwivﬁﬁw%
a S 21 99 faeuwn St srerd faw off e §1 g9 e 9t £ o 5w e S wEA 21w

R fred o i (fFefm) @ s @ 9), = 99 sen | 98 el s
agegr (F ‘o W@ fem F) & 9w a1 < @1

o

(1) 90 T A @ R Tes (3) 99 9 | fRed Sew (W) 99 WM F 91 firea e

fert 2.32. yrearees ferm

seared faequn &1 g fagiand Fefafea 8—

(i) T8 ST Bl 1

(if) 3= SO ¥ @ ufted T a8

(iii) e fafa & wemn & 21

(iv) 9% Fequr 4 TR F 99 (T 99, T9eT 99, F49 §90) & SR 39 e 8l
fafa= el & v § wnfes fawgor

(i) T 91 T 9 &y i—

TE 99 ¥ I¥ER,
. AP
T 7§ o o
6] O
4 a
O (0]



a0 | sAfrR v T e .

@A&mﬁm%éaﬂ? ; ergel @ wee wd farear | 41

& Fd ; _ fdt [ T AT §EE (D i . .

e & ¥ A ; mﬁmﬂﬁ_:ﬂﬁﬁme; (Dislocation) 71 7 (Twinning) 3 770 & & &1 il o
i 3 %m&%g | . p Hmcnmsoammmwﬂw_ﬁﬂﬁ@u%mﬂmﬂnmw str Cra
AT o——0 | sfifies i S (Critical Resolved Shear Strese) % T4 71 ot & T 41 )

o | e e e 31 fadtvend, e - )
o 0 , (i) T4 fo&Tor 9 g 21
e (i) T JARE 1 & AR A 2
—_— P (i) e fog F S Tl sy 4 e wiftes 4 ¥ wafia & s
v ' (v) T T T T EF o g S 2 e R e e g oz I b
o o) (v) ¥ forewvT & HOl @ B d—fFwe g g
. 0—0 | wifes faeuu & SRM uftaa ao fawlt § wwm w1 awn e
forx 2.34 ,, _ ]
T o & I d— . ,W
 FHEIE 49 99 % TN
b O 0O
0 o) |
T I ;
B
O O o X
& SF — fofd
R 2.37

&ﬂmﬂﬂ a1 guea Fwau (Plastic Deformation)—3fG ¥ i B 2.12 mifae f30ifsa oa ufdaa (Critical Resolved Shear Stress)
m@ﬁ%w.&%ﬂﬁmgﬂ@ﬁmﬁmﬁﬁnﬂﬁ&#ﬁ%%&_ . gn@mﬁﬂmﬁm_i.iuﬁagm%sa}ﬂa
%ﬂ@m@ﬁﬂﬁ;%ﬂm%ﬂ@@ﬁmﬂsw%%ﬁ&@%ﬂﬁnﬁm&@ 30 21 af 39 79 (Shear Force) # 77 TF FAfeed 71 9
TR I ¥ @ fawuor 1 fod 2.6 S wHE S 99 a— ﬂﬂ@aé,m.ﬁmam@mﬂﬁmﬂm@ﬂém_ﬂ

: 7 | fifee w91 o wife a9 aa T S #

FifTF T Avae Fad &
SO0EECaae I caag . Rt

- ¢ = feo 7E W G Td T a9 F A A
\ = fey 91 foen T 6 96§ S H R
, ; A = Yo (Fed § SRe-FE H S
O—0—0—» 5 . A
: % ey o 1 8%d = —— P
@:mmi@mmw..ﬂmﬂam (@) T T W e o () a9 gen & A e o S et i e cos 9 fir 2.38. Rdim wifde o wioad
, - EREEG & or & e IRE
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ﬁnﬁ%_ﬁmmmﬂ ,V argel i e ud faeau | 43
: l‘l‘\‘\‘\l\l . Il .
i st 1 3 = ——— : ;u.wmdmﬁﬂﬂm,dun_.m.mmﬂmﬂawnm-nmzﬁmmncrwaﬁﬂﬁﬂ@iwmﬁww.%mﬂﬂ
_ Peos} u.mxsm»xsme . | ﬁ“mﬁaogﬁumﬂ%ﬂwﬁﬁﬁﬂammvmﬁaimmmﬂ,.m@&w_ .
“Alcosd 4. 1% , foreea A A Fifam 5 N - . -
o | 3 fifed G R 3O T F 1w R e S i, T SR
W 2.13 frwed w g N , _ 14 9 Td T T (Cold :
fereT § YA B 81§ fowy| 2. (Cold and Hot Working)
amﬂﬁmfm_ilﬁ@ﬂmmﬂsw_@m%ﬂé TaY s qal sif F SEAYIF AFR 3 F 3 = :
. e 2 s &1 fFeer T Y qC iy g g fere, fafiS s/ 3 wifi s i
M%Qmﬁvwﬂwiwﬁﬁﬁ%wﬂw @ , %@s%a@w_ﬂm&m@sﬂﬁﬂﬂ@wﬂmﬁﬂmﬂ&“ﬂmﬁmﬁmﬁﬁnwﬁaﬁ
, . . . . U ; . ®YUT (Cold Working), Td
@ﬂﬁﬁgnmﬂﬁﬂuﬂaﬁwﬂﬂ 1 g,
,ﬁﬁu@@ﬂmﬂﬁs.%awﬁm 2. T« YT (Hot Working)!
. ﬁaﬂ&%ﬂmﬂQAMwnmnmuenmm cubic nQﬂm:.w.agﬂﬂw_ & Al 3= ey zfig suoT
o T S A via wav1 # g W FE 39F T BFEA O (Recrystallization temperature) ¥ 4 dr
ﬁuﬁm&mﬁ gﬂam_ﬁ%mﬁﬂ%%ﬂmﬂﬂﬂ@gw.%ﬁn_mﬁm%@mmm%ﬂmq@_%mﬂ
; 31 a1 78 TE ¢ fF g W ST orwar ¥ e R S @) 56l s <@ A 99 9 v e
21 .

viid ®T 3557 (Cold working processes) & 1 3e@1 —
f (1) ¥id AT (cold rolling),
: ., (=) ¥ T (cold spinning),
> o = e ” (|) M.,wd ﬂ,m“mwﬂn_ (cold extrusion),
() ¥ HfST (cold forging),
(3) M| SIET (cold drawing) 37!
vita w0 & oH ﬁln. WM (Advantages and limitations of cold working)—3iid YU S
frfafaa o wa dmr frfarad 8—
1. 368 verd & FR (Shape) & ST Ui T8 2, fores From o9 fafty & 9 &9 F
syl e (Dimensions) YIS & ST Sl gl ¢
: : 2. 39 fafty % yerd # aifiHT (Oxidation) T 11 8, forgeh FI0T STl A8 (Good surface
] . finish) T 87 21 .
. 1 , B 3. wd ¥ gmed vd Fer ¥ gfg a2
R 2.36 4. T vt R SOT-ITER 1 Y9E T8 TS #, 3 M #1 wena 9eH i 7@ 39 faf o
(i) I (Twinning)—@Ifes faeq & g %ﬂ i sfqEfed fFea & @ 97 & aﬁa m.ﬁﬂﬂ_%wv ﬁwﬂ@%m@qﬁﬂaﬂ@ 3, o et .o e
: % ; 6. 1] Fiw . K (Brittleness) &l 3 Sl &, .
%Wﬁwﬂﬂgg%m@w@-ﬁwﬁs%mﬁmiymﬂaﬁqa a;%asai@ém_ﬁﬂ eh
fipger wd g | s Frefofa §- . 7. R FeE I 3 S S-SR @ ST S 8, e 6 e ¥ e S
AfEell (stresses) & U foRar I T

1. ey 323 3 T 1 &, s 7 (Twinning) T 3 3 e 3 | y
2. et Co-feriia et 3 R, wafs g W-EMM Wmdwww Peralle) 8 Vi w0 ¥ 4Ig (Effect of Cold Working)— 4 T ¥l FUUI 1 301 I gl 2




1. ¥ &0 9§ Y

h) 7% S 81 . . .
2 w_wmwﬁmﬁﬁm TAFINH (Percentage elongation), HERvI yfedi (Corrosion wwmgmnmbam.r 4,
=7 (Ductility) 3% & & S 2l ,
rface) < i &l

3. 794 3w TCHd 9dE (Highly finished su
4, 391 FfEe (Residual stress) 9¢ I 21
mﬂmwﬂmﬁmﬂwﬂﬁf%m%vma%ﬁ” e A § S AR TR 8 FH A
o5 T 0 § 9% 6 9 ﬂm@ﬂm%ﬁﬁﬂﬁﬂﬁﬁ,gﬁ&w_
T ® § a9 &1 4R (Hot working process) T I & Bl 8—
(31) 9 ST (hol rolling),
() @ BT (hot forging),
(%) @< T (hot spinning),
(%) T TFHLHA (hot extrusion),
(3) 9@ SET (hot drawing), .
(%) T2 TRY @ g4 I (welded pipe and tube manufacturing) anfel

A 90T i | e v B (Advantages and Disadvantages of hot working processes) |-

9 (Advantages)
1. 39 51 20 9T & SETHT 9 96 T SR BRI (deformation) fERAT ST WAl 21
2. 4 & QAT (Porosity) TTHT T & W 21

8. 9 ¥ ayfedl &9 @ 9 B
4, 91 F FU-GTHT (Grain structure) & TUR & ST d
BIat (Disadvantages)
5@&~w.«ﬁ§ﬂﬁ@.wmﬁﬂ§ fieFor 2icf €, 58 9% Gl (rough) & I 3, T H1q & 7
2. 9 % SN G 9 B I 2
3. 59 75 ¥ o 9 favfra e 91 frafoe o & oo O &)
T & AT (Effect of Hot Working)—¥I] W & 907 &1 fiet w9/ Teaqr 8—
1. 91 mm TR M (Impact strength) ¥ GUR A & .
2. 91g § mﬂ«,ﬂ (el (Residual stress) Tl T&q 81
: w.m@aﬁﬂa&mﬁﬂiéﬂ%&
4. 9Tg F T8 T SHFHT 3wy 3

5. 81 7 =S (Toughness) W T (Duility) &1 7 g ﬂé,m_

» SRR X, el 3 R S o 7 wee Al |

. ot @ e uF faeo § 45
mw\mmm | ol ¥ 3R (Difference between Cold and Hot Workings)
%.9.| 9 T U THA (Cold Working)

L

1, | 01 O R 9 & A s g

W 9 91 W (Hot Wordking)
T4 &9 O: fFeem a9 & o fewr s 21

2. |9 Mwﬁwﬂs F & (Rate of deformation) I & foreumr 91 < st 2 81
FH |

3. |umg ¥ faeuor & fo agd st wfEe (St # foreTor 3 5 .

& ST S 2 smawwﬁﬁﬂ_%&wmmzéﬁﬁnaﬂﬂ
4 |99 T wIRE T F SR 99 e T A g E S w16 b
(Strain Hardening) & ST &1 £ Tt

5. |9 T & A% UG ¥ FON-3TR  F|FH-3UER F AETISA T8 50 S
EvEHA Bl 2

6. %Mﬂ@ﬁﬁﬂﬂﬂwzaimriﬁmﬁﬁﬂﬂ@ﬂwa a7l T B '
|
7. |9 # W, F3al, FIZT (Toughness) g ¥ T4 (Ducility) 98 ST 1
EEASIGI ]
8. |l ¥id w01 ¥ U F TR W | 3, AT (Porosity) S 28 Ger (Fusion)
(Crack) 3001 & T&hd Bl ¥ & & 9. 8
9. |3 ®9 Fad 79 U@ IMEMaEd Ot W A|qW S0 SErEed 96 SR (79 T SR #:
Wﬂm:.aw_ gl W far w1 W 21

B 2.15 geeifw, gafsveem vd su-gfs
(Recovery, Recrystallization and Grain Growth)
Mﬁmm#;w_. A 9T & FROT ¥ STH G5 €A (Microstructure) LeRiVR| TfEdd @ Sl
21 S T 07 F7 SFR e S 2, 7 AT (Strain hardening) A & T 2 TE T
UG F) Fed, e, e T SERT S 91 S B N R 9§ e o T T
S F3 F fIT, T @R T T: @M (Recovery) g [:fEeT (Recrystallization) ot =
ST fiF ST 81 T A FOI-afE S R 81 A, TEEREe T #0-9 § (Mechanism)

- fr g e R

3 (i) YH:FIN (Recovery)— T &1 3o A1 (T: Feeer a1 § F1) T TH 0 3¢ Siiafes st
TR 5T ) e 9 e e €1 g g 1 e -6 3 e e @) e A A g S
S (Strength) 7 3 il & FaT 6 S Ao T 490 e § 1 TR &6 /1 A
B G-t e A GSd 81 T @ S 1 S vi-swr § fif el 9 s

| TS Y g ey % e e o
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fom 2.40. Qe gfipRed o Sor-famr

(Recovery, recrystallization and grain mqosaw

(i) g:foreee E%Qwa:ﬁ%&lﬁ” freer, fagfifsd & 99F g0 W Faf[ @R &
T 0 F T A e § T T u1g 3 O: e A9 9 S dfed oA (Melting point) ¥
9 9 T S0 I A 9N 2, e ST 74 v o i g @1 W R § g 3
(Ductility) T2 8, TafF Fora vd g § a4 Al 81 91 SGdf Sl (Residual stresses)
9ol &Y § [ @ S 81 UG F S-S wRafid @ S 8

m,.u_".mm.ﬂdd A (Recrystallization Temperature)—SH @9 T €1 ¥ 93 Fui & fmr o
A 2, 39 Y H [EFEE aT a8 [freed feE d se w R e

1. 999H (Temperature),
2. 1 YeH F F TG (Duration of heating time), 3R
3. ¥iid ¥907 I TqEM
- W [RREEE 99 0.6 7, €1 €, S W T, Taris aee (e 1) #)

(iid) FUI-JFF (Grain Growth)—4f T: fiFeer % 31 YIq %I 3= 99 | B mﬁ <, @
%ﬂ.ﬂﬁ%%w_ F-9fG I A W A SR-B1 F F e F e T A 21 F1-3f3,
%&wﬂmﬂ ﬁu»E&oE&mlmva e % T B 3 et Tt ¥ gfig =@ A 2 gfg 98 Foi #

0 1 S (Shrink) 31 F01 891 1 F01-fg A, F-2T 7 9, TS (Cold

iowEbmvmwﬂQ\mam%ﬁﬂmﬂ%ﬂg g 3
T4 WM (Tough) &t #1 FC 1 e 0 Al I aifer R, WA

TS wt @t gd fawaw | 47

it 2.41. ¥ia 9w & &= Bu

B 2.16 51 giet a1 f4era (Solid Solution)
%gmgﬁ&a&@%ﬁﬂ&w%ﬁgmﬂ@ SRR
ﬂ%ﬁ%ﬂﬁm_ﬂuﬁww. Eﬁmaﬁﬁmﬁﬁﬂﬂmﬁ%ﬂ%%wwwww
(Solvent) mﬂﬁﬂnmmﬂmwﬂwﬂﬂm&ﬁnmv FEq €
aft fie 91q 1 VT A A C-X faft T e I A e o E e O
%ﬁ&m@aﬂ%ﬁg@%wﬁﬂiwﬂﬁgﬁﬂﬁﬁmg%@_.
ﬁﬂsw?ﬂlﬁwﬂﬂmﬂwﬂaﬂﬂm@g@ﬁﬂmﬁ%ﬂ&w.

R 2.42. w“—.@gﬂwmﬂﬂ ﬂ@WOﬂ

3 JETETUT—

% Fe— C (SIE-FET 1 Te)
" % Fe— Cr — Ni (3@-HifFaw-fifEa) O (ST =)

o Au— Ag i =
319 91T & W (Types of Solid Solution)—4% & YR FI Bl —

1. 3T=EE 319 5989 (Interstitial Solid Solution), Td

2, ST 31 faer@ (Substitutional Solid Solution)!

1. 3= 8 oo (Interstitial Solid
Solution)— 3 faerd (Solute) & T fSela (Solvent)
A1 4R 41 (Base metal) & T § 55 B2 84 €, @1 3
T & ot w3 er & ST § Y AR 81 39
T & facraT 1 sei 9 feed @ Sie Fe ¥
SEET 5 eI SO (Steel)  FEH 1 T @15 & 0]
& W14 SR 3 e o 81 &1 & 37l Hy, O,
Ng ST o SRl o %1 & 31 el T &

2. ety 3t fae@d (Substitutional Solid
Solution)—szg faeig (Solute) Terd % a0, FAMHA S
(Regular matrix) & fielas (Solvent) a1 SMR HIF &
TS mw Tfenfid (Replace) X 37T T 5T WE, @
¥ TR & forerm a1 i @ wfeearrig o e wed 81 ()
I8 et 3 forg e g A ke T o A 6,
SR U] (Base metal) ®8d &l 59 faeg @@ Eﬂﬁ%

SO0
X
-"0“.0"‘"‘
RS
* ,’ * *... X
TR
setsse,
etete
X
-. o . . .
SO0
oTelels.
o5
QR
’ ’ 0.‘..5 .

25 YR HTq 1 T
SO0 ™
o 2.44. v o/ e




A3t (Cuw) it ﬂﬁﬂ.& (Ni) 51 o dd | - %ﬁ&ﬂ.&\m_w#
T S 2.487A T 81 AR
FeEw & fat—
Cu—Zn
Au—Ag
Si—Ge
Ag—Au
Au—Ni
Mn—Al

M 2.17 Pt engd (Alloys)
& a1 3 @ afs v & g o, R § @ 99 T 9F (Component) g &, §
fiyg U F7 §1 $@—39W, 4l (Bronze), e (Brass) 376 H%-41qY &) .
Hm.ﬁmaﬁgma%%aaﬂ%ﬁ%w. ¥ 3R 9] (Base metal) Td ¥ T
%] TEirgT 9 (Alloying elements) Fed 8 ﬂ_,mm & Hmﬂﬂﬂ, ﬁﬂdﬂﬂ (Homogeneous) fa=1 s
A 2, 3% A% FET 6 W 3 - A I 81 MR H1g F e o e 7 e o1 & T
& qRadd & I 2
TEifiT 9 @ 91g & 7O T A9 (Effects of Alloying elements on Metal)—fA%-41q &
T & TR T F AT WA & FRUT S U @ @1 Fs-e S SR e
i T A T S F B 2 ¥R—s@d § MR U Wil (Iron) 21 € UE A= Taifd
T (Alloying elements) ¥ STER 35% 10T 4<e 94 81§ § e Wellfd o Ud S A0
T T o e E— :
r&ﬂfaalﬂﬁmﬁﬁﬁ\ﬂﬂs Sfele & 1 99 21
2. FfET (V)—3=F 719 T 391 H! F31 (Hardness) T T 81
3. IR (S)—Fed 1 yeiifaferdt aemm 21
n.%m§|m§ﬁmﬂ%ﬂ§%aﬁmﬁmﬂ%ﬂwﬂﬁﬂcﬁnw:mmmvﬁdq;
m.a%ﬁzalmﬂaw%wﬂﬁgmgmma HRROT feriy |
Lo 2F . e ST 1 707 Tl 8|
6. 4THS (Mn)—7% 3o & THU-HRY (Wear resistance) T amed &t T 2

- fefer (8i)— ok . ! :
/\\ﬁ.gma;w_ R T S-S0 O A 1 1 A #1370 A T (Spring) 9

2.18 sruifis il
Sl %M_mw m“_uq__.ﬂ_mgmﬁ___n Compounds)

T ﬂﬁaaaﬁvi@&wqﬂﬁwﬂmﬂmﬂﬁmﬁ@ﬂ mﬂmﬁéu e
(Chemical formula) BT €, & 38 sruifgs i : @ wmﬂ
HegdIeT 41 AR U B T (ntermetallic compound) e #1 7% 111

Tgei @t Wi ud faewor | 49
@ 2.19 g7: fbvee &t gvifle o< 9@ ore ¢ i izati
el o Pl gamwmﬂoqm affecting Recrystallization)
1. 9 ®UT & @ (Degree of Cold Work 7 fid &qu1 F e 2o
vl.. s e
et € w1 rk)—fSel s i 9 &7 deEn @, 99
2. AT (Annealing)—TYaH oI %9 8, : fveeer 3 o 301 & st 94 ST
3. aTgfesdl H uw.m.u._.mmdm_._ (Percentage of Soluble Impurities)—H1q H 3¥ifadl S Maem 96
foatt A A, wégﬂ% (Grain boundaries) 1 fo%aI%7 (Mobility) 011 & 9 a1 ¥f4: T
fpezer § FfeTR B U6 O BRRer & fou sifs @ 9 sravasa S
B LeCt et &l q: Torteem (Recrystallization Temperature of some Metals)

T||\|ua (Metal) TA:fFeH 99 (Recrystallization Temperature (°C))
gt (Al 150
dfal (Cu) 200
el (Fe) ‘ 600
Fefad (Cd) 350
e (Ni) . 620
o7 (Sn) . 0
=S (Ag) 200
A (W) . 1210

argail F1 JTEIUT (Allotropy of Metals)—HMgel & @ U5 @ ¥ ufEdd & ¥4 f=-f
fiFee W (BCC, FOC, CPH, @Mft) ¥ 1 aret IRadT #i S99 (Allotropy) F&d 81 39 0@
3 wgel Ft fe fr-fir fFe ST © 9941 8, e o1 (Allotropic Metals) &4 §1 Siel
(Iron), STl (Zinc), & (Tn® 311 STgell & 96T A &1 Ferew % fo et 800°C-910°C ¥ &1
7 915 ¥ (BCC) T 51 B 2, 910-1400°C F 31 § -2 T (FCC) He 31 Bra
 WAF 1400°C ¥ FW 34 F5d 77 (BCC) A F Tl 2

| N..mc HeTRT (Corrosion)

WYY (Corrosion)—UeE (Materials) & AT (Atmosphere) T e ¥ WEhs,
E@d..d.mﬂﬂﬂ (Electrochemical) 319l ﬁ_@mﬂ&ﬁ (Metallurgical) 34T S HR-H &4 (Decay)
& HEIRVT el

BT ¥ wrg o gmed &9 @ S 2 Fefl-Ff T T A T #1 RN & FRYT 9gd S
"I W (Waste) & S &1 S 3 s I a1 FER SR SA % fe age a9 R R

YU & Y& (Types of Corrosion)—q& ¥ F w1 1 R F B E— =

1. 98! GHROT (Direct Corrosion),
2. fo@-Tarafis G&RoT (Electrochemical Corrosion),
3. Ivafi% WERYT (Galvanic Corrosion),



g.w%ﬂdﬂ:ﬂ&ﬁﬂ&ﬂﬂm

4, fifeT H9emon (Pitting Corrosion),
5. TS S& (Erosion Corrosion)!

- . . vlllﬂ .
gwm % MMMMM%MMMMM,& sl AT (5-10% H,S0,) & TFSISA 3 (HY) §
Bt

e _ Fes 2H* — Fe™ +H, (gas) :
2, faa- TS el Ewmnsdnwmumnﬁ Oowﬁcmmoalmﬁw Hﬂ@m_ﬁ_ﬂmﬂﬂ ﬁﬂﬂ_ﬂmmﬂ.ﬂ_% M.E-ﬁ.ﬁ
-3 (Electrolysis) A1 31 fergga-TrErAfF HET F wfEd =

(i) FFTART (Potential Difference)—STq W 8% aIareul % = 317a1 91g ¥ & &1 4

fargalt ¥ dra forgda o 1 v Fed 3

© (i) FRE-1EE (Electrolyte) F1 39fefd, T

(iii) frE[d-4TT S T8 (Flow of electric current) |
IR TRRafEl § o1 ¥ - TR GEROT 29 O 31 SaR & fAu s 1Ee
(HCY) i 3ufeafit ¥ @R = GeRU) el S0 Sei9e W@ 4T o9 S @, o faeed § 96
S 1 @l ¥ I e o § Sufte wEEe S (H) § SffFa $3% eseie i o <
21 79 T UF g R9Y (Circuit) T 911 & 3% 1 # &4 (Corrosion) 81 T 1 ,
. Fe — Fe'* +2e” (T T afifHE)
M 42" — H,yT (Fare W ifafE)

ﬂﬂm%ﬂ&ﬂsﬂﬂsﬂdﬁ.g
miwow +H,0 — Fe™ + 20H" — Fe(OH),
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B Wn == (Electrolyte)
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Wﬂ 2.46. Heaf~® HERVI (Galvanic corrosion)

HRI-5ATE e § 91Y F &4 (Corrosion) F FI 3 ¥ 3K I F 3 (Zn™") e 3 59
Y # 3R TR 9 (H,) T4 21 98 TRESH T4 $dT $1 S § F976 (Protect) 31
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T T %% (Crack), SARTE (Inclusions) a1 Tl & FRUI 8% 41 =@
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FRYT BT €1 W1 T ST 90T 2T A1 ST B 8 98 TS (Anode) REE  [7777
FT T B H F T A B H B W R WRA T TR P
T & Seiie % 3R A A 31 T R-UR 39 R WS (P T
W §1 TEfAT TE el S e e F ¥
5. 3 WHRUT (Erosion Corrosion)—3J8 H&RUT €1 %l HaE T
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HROT F T F AR F A T =
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(Potential difference) % FUII
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4. foer § g sl S e
5. U1 & wae W A6 & A , T S
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1. Gy fae fesgT (Design against Corrosion),
9. fip-wgall H STAT (Use of Alloys Additions), -

3. fritys & 3990 (Use of Inhibitors),
4. Teor-aEEe ¥ F7A0 (Control over Corrosive Environmant),

5. QIS ¥TR-Aud (Protective Surface Coatings), 37|

1. darrur gfaiet fesg (Design against Corrosion)—%Hd % TR 3fd u1g 1 9119 T
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(@) A - arget ¥ aN7E H4M (Contact) ¥ =1 =Y, foed et darer 3

T F U S TR
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Fi g A i 2
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1. R ﬁgmawumvwﬂﬁmnﬂﬂﬂa%
(i) R (Recovery),
(i) T @0l (Recrystallization),
(iii) @Or-fa@RT (Grain Growth)|

,\u\%ﬂmmﬁm&ﬂwmwﬁ%_
4. i g fisceat avaeil o e Yt G FAESE
. 5. o e i at-ak @ o (Defects) 1t 82 weu & 9o 3|

7. € & R &1 AT Ui o
8. 3nfoas wRe 3R fisvee wam vel @ uRifta it |
9. €1q & YR (Elastic) favaqor & wwsmge

(2001)
(2001
(2001, 04)

2. R o i s o < o & e Reeiver (o) den el () 1 e
(2001)

- (2001, 06, 08)

(2006)

(2003, 05, 09, 10)
6. e 4 R YR 5 a7 (Bond) 814 &? &g @2 (Metallic bond) &I HEAST |

(2004)
(2008)
(2009)
(2008)

10. %W%%ﬁﬂﬁ%@ﬂﬁ%%w%%wﬂm%ﬁgﬁﬁcom Conductor)

A ae

(2010)

11. el ot ¥R weRe e e gl & i, gifie sik sfireife o & e & e

Sifsel

(2012)

12. feiia 4 (Secondary bond) @1 &2 3% YR (Types) @1 | q0i S|

13. FeafoiEa § 3=R (Difference) T Hf3w-
(i) 9iIG FoT (Cold working) 3iR e wor (Hot working)
(ii) Rew (Slip) 31k Rafm (Twinning)
(iii) Ra<t qAg: freeiao (Recovery and Recrystallization)
(iv) 31 H&TRVT (Wet corrosion) 31k I HER (Dry corrosion)
~ (v) 3maf® & (Tonic bond) %H@H%Agmﬁ&:o bond)
(vi) foreehiar od <er vamlt # s v i) -

(vii) fors-emg vd araeifiass i)
14. Foveer-wafif (Crystal symmetry) ¥ 3 a2 TR ¥ THETSE
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16. 31 (Edge) 7T ¥ f3ReldeM (Screw dislocation) T %fere ooy i)

(2013, 02, 05) |
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(2006)
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o5, ETRYT B AU T A R e ek
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28. Ffafes w wiftre fwoh fefae-
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(2011, 05)
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(v) 3rauffcas difiie (Intermetallic compounds),
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2. wiftes freuor ger 2- : .
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A

7. HCP &1 APF 841 -

(a) 0.88 (b) 0.74
8. FCC @1 APF &l -

(a) 0.88 (b) 0.74
9. BCC @ APF &l -

(a) 0.88 (b) 0.74

10. wnowﬂﬂ_w%ﬂmwﬂaﬂa%m@
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11. moo&@«ﬂ&ﬂ@ﬂmmﬂ»g%mm

() 9 (b) 14
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(a) 9 (b) 14
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14, TR a1 & 3 Ho e R T gl 8-
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15. TEe o1 TEEiE g B 8-
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17. dfar § foveer e &t 2-

(a) BCC (b) FCC
18. i o1 B 2-
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(c) Theed A & S
19. e or g -
(a) fFeeH W 4 #0
(c) ﬁﬂﬁﬂ&ﬂawﬂmdﬂ
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(@) 08T, ) 087,

L@ 2D 5 4@
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(Ferrous Metals)
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] nﬂd\d (Introduction)
| /\E@wwlﬁwmﬂ TS T dlel (Tron) 31T 21 347 91 91 98 &9 fo9s1 596 39 4 g9
g eite B 8, I Clle UG ud §1 Sa S S % el U e S 31 e o

S o Al o1 eitel 8 el S N e # we S # g6 S e e
fiygr-9Tg 1 =AM H {FA ST ¢ <len A1 €lie M f15-41g G5 (Needle) § O 95-95 T (Bridges),
W& (Buildings) 31 % fafor & wdrm fifn < 81 2FE #1d § oo RIS 30 05 ® SR 9"
71 diR # frg-argell ¥ o9 ST, 9eE o aegd v # S E

FSifafin gerd St < o F fewfom fn w2 —
% wfers o : & ST T
- oifers verd & TR F AT E— |
< e uifes gerd & 3 gies ©E
dite e v % TeRTI— .
& el %m\\ & mmmm\mwg\ & fozat r\%_\m_\ =

B 3.1 @iz ergsii ot aiieRoT (Classification of Ferrous Metals)
wlte-argall 31 Fr R § afiea A 91 T 8—
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| H 3.2 %&ME&MM& ed «.:W & RN ﬁo.:mnmm of Iron Ores and Places of Availability)
R .%wﬁﬂ_ T fafl § 1 5 1 e s w3 f o 6 o
e AT TG % VOIS, SIS W FHAE § w9 8 o e ot § 7w 7@ A
syegfialt ff B €1 TllE 3T FE TR A A, d— .
(@) HieEe (Haematite) 1 T T Fe,0, &1 56 315 & el s o1 & W
ﬁw_ﬁ%ﬁﬁ%w_%gﬁaﬂ%%mﬂﬁ%w_ﬂsﬁ

AEvs, e, 99 0w, SE, T R, s, R T Tl § g S 21 39H
60-70% T <iTeT Ul ST 21

(@) THETgE (Siderite)—3HH THAF 1 FeCO, 31 38 I0w-511 4 51 81 98 F
TV ST T F AT 81 T 10-48% T @ U 9 41 98 R O1 51 3 21

() emHTEe (Limonite)—SHe! THAR T 3Fe,0,.3H,031 T3 R3¢ 34T SFREE
21 e e fefu g € 81 59 35-50% e <iel T A §1 9 T, e, iR
(So¥o) T FHMET (ferae 2v) ¥ Urdl oIl 21 S © W W T 2 21

(9) Ferge (Magnetite)—59@ THEMT T Fe,0, 81 98 TR [ TF S0 {1 51 26l 21
T F-2EE Nl TR T THH IR §1 9H 60-72% & 99 w1 §1 98 Wem 3K
fferaeet el (Afers), FAles, 3R TeT 3R 5 T4 § UM 9 21 39 3RS |
Zrgefem, adfeaq wd iffad ff $o U § 91 S 81

(F) AR YEEE (Iron Pyrite)—39F THMMEF T FeS, &I

2 F T -GS H 14% W GHIRE I 31 FRETS TN I Wi I H IS
U9 81 9Rd TR F1 GEY 9l ciE-IeE o9 8

H 3.3 cie-engaii & 3wames & SR SREM (Main Production Plants of Ferrous Metals)
9 ¥ wiie- el § ST ¥ ged a1 §a freffad i —
1. 2T A T8 @A F9FA (TISCO) — TRIEY (FEUS)

2. T g9 frm fafies — fovTRETe (3T 9eE)

3. eI wiat wiie — e (S9Te) (SAIL)

A4 T Wi @i — FF (FEETE) (SAIL)

5. SHoTHoTw] (JSW) Eia fafies — AR (FAF)

6. T Vet wiie i (a4 (SAIL)
7. $fee sTae W Wi FAE fafes — TR (v ) (1SCO)
8. YoM Wi @iz — Fo (AATE)

9. T Wi wiE — TITHAT (IE) (SAIL)

10. T2 Wi (Sponge) A ffis  — FAE (ST

11. foree Wi T T s — TG (FETE)
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firt 3.1. B T & IeG BT FAE-IRE

I T (Iron ore) & %.%wﬁ # ige EE JEFR0T (Magnetic separation) fafk
<10 TifEd 3 fodn ST 81 39F 9% 9o T fRATT (Roasting and calcination) F 34 yR
ﬁ,%afmﬁ?agam:ﬂﬂ@iﬂmﬁwmﬁmﬂgwaﬁwﬂwﬂwﬁﬂﬂﬁ
G % w1 ¥ B I R ST 3 g & W ved S e g @1 o gl § 9R
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1L oWE o —92% | 95%
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. TFEFRE — 0.3% § 1.7%
T — 1% T 59
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o el ¥ w9 s ¥ die eme @) 0 2
gL s T T Fea o W R S 81 6
1. 74 (Hearth) 3. ¥F (Stack)
2. 719 (Bash)
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(Collecting tank) Fi ﬂﬂammw_ Frrct o 9t 2 e 81 % e qw a3 forw R O
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fem 3.2. e W

waww@mq%ﬁ.@aﬁaﬁwﬁﬁiﬁ&mﬁnﬁmﬂmﬂ@nﬂﬁ%m%m@pﬂ
a7 B —

1 3Fe,04 + CO — 2Fe;0,4 +CO,

2 Fe,05 +3C0 — 2Fe +3C0,

3 Fe,0, +C0 — 8Fe0+CO,

4, FeO+CO — Fe+CO,

5. FeS+Ca0+C0Q — CaS +Fe+CO

6 CaCO3; — Ca0+CO,

7. 2Fe,0, +8CO —7C0, +Fe+C

Ea= ﬂ,_w. 3 w9 WTAT (Composition Percentage of Pig Iron) ‘

T T o AT SO B A 3 e 3 e e T § e e S A e
e, st e, Tew, I FEA 3 A fafee @ 39 94 31 T 95 09 SRR 9
HIF T A A e @ AT ofe A

3 1 ffercor frefeafiad 3—

Grade-I Mild grey Iron with deep colour

Grade-II Mild grey Iron with light colour

Grade-III Hard and Strong Iron

Grade-IV Hard with 0.9% combined carbon
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MW 35 fieat @l (Wrought Iron)
ﬁ%ﬁ%maﬁﬁ%ﬂ@ 7e 99.
ﬁﬁ@ﬁﬂ&ﬂ%ﬁ@ma_m@aﬁﬁ@a@

fiedt wig @1 HueH (Composition of Wrought Iron)
%ﬂ#i%ﬂﬂﬁuﬂnﬁmﬁﬂaw\ '
FHT (0)—0.02-0.03% 1 (Mn)—0-0.02%

FRE (P)—0.05-0.25% FferaT (Si)—0.02-0.10%
T (S)—0.008-0.02% 4T (Slag)—0.05-1.50%
@Y (Iron)—3H % ¥

fedi @ig & IR B JaE 31RW (Flow Diagram of Production of Wrought Iron)

eﬂuﬂ@waﬂ@aﬂaﬂﬂ@ﬁ%ﬂ.‘%

=Jul- 1

={l- 11

=0T 11X

AR

fieal e
RE 3.3
TRU-1 YK B (Refining)

¥ 907 4 Fed AR H g S e o S ﬁﬁﬁﬂx
3 a9 % e § fegn T
T L o ey e )
k£ GG %i.m@ﬂ%ﬂﬁm%a@ﬂ.w.w_ﬁm@é

TRUI-2 {3 (Puddling)

Y% F+4 7t # ZFe! § de wedh 23l (Reverberatory furnace) % =7 917 W fogem w_

T g ¥ I AT, 9 A 50§ Wl 5 g o o 8y e o e A

. Strength) =7 Brdt w. S e gm= (Compressive

ik LT PSR
& e R foF S R ﬂﬂ&@%ﬁ@&gﬂggﬂﬁwﬂﬁ%ﬁwﬂ

_ &&wsﬁﬂa
.m_Aa.—lm W..&Wﬂ—am—iﬂm-.-ﬂmv ngiuunéw m .w_
ﬁﬂﬁw@%ﬂ&miﬂﬁﬁ@ﬁﬁmﬂﬂﬁﬁaﬂaiﬁiﬁﬁ

0 &1 “) = oy far s 24 .

o farelté T8 @1 396 ST = (e 15

aeor-4 e (Rolling) | Rolirg )y | amy (g0 -wege o -nmmw.mﬂ\ -
5@ 9 H = A TR 31 T § e o9 v o T 3 RGO

¥ o T G (e, S BF TR R ST 815 f 4R SR a1 i e

foedt AR d TUT (Properties of Wrought Iron)s
7 foed <t 3 g o P #— ) Bobedien of wWitougnn)

1. fieell e F T (Ductility), BRI (Forgeability) T e (Weldability) 968
Il Bl B

2. HH! HERUT (Corrosion) JfHa 980 7581 Bl w._lﬁ%ﬁ. QB

3. fieal wie F @R (Casting) T8 F1 9111 39 %= 3=/ § fes (Hammering), TEH
(Pressing), wifsT anfe fafedl. g S S 21

4. 799 G AfqUHHA (Fatigue Resistance) S 984 @i &t

5. T wIge S0t 41 e (Ribbon) &9 ¥ ™ A1 farafa & 21 56 a7 § feel e 4 &
gmed (Tensile strength) =81 Bl 0

6. fieat @i F1 FSN-ITER (Heat treatment) H AETHA Tl B &

foredi wie & 3w (Applications/Uses of Wrought Iron)
Eﬂﬂaﬂimﬂﬁiﬁ%%mﬂaw% ;
B AT arey T BEEYT e i
1. 0 & 4 R, e o Rl & TRl & w9 A
9. 7 (Chain), 37 &F (Crane Hook), T (Sheets), FIed (Grills) 3 M i
3. SIS FI A (Diesel exhaust pipe), Fre-gL 7Y, FieT <R (Cooling tower) e %
frmior )

4. f3% (Rivets) 3l ted Ffei (Couplings) T Hi b
H/w“m\(wﬂmm gl (Cast Iron) adhervels and nb%&%/ &\ D, TG;W%
\%ﬂnﬂmiwmﬁmﬂﬁmﬁﬁﬂnﬂ%&ﬁw-%mwma%w_w.,qmmﬂ
TR (Cast Iron) &80 &I q&gﬂmm%ﬂ%%%ﬁifaﬁﬁﬂ@a@,ﬂﬁ
TV iy o % @ (Castings) T § A & el F =i (Blocks), Wil &
98 T TFR (Structure), e H T T S o Rreeft sverean ¥ SR T (Fluidity) SiEe

il ﬁmﬁﬂ%g@@ﬁ#ﬁ%&@ﬁ%%%ﬁ%ﬁ
w. e mﬁmaw&rvaaw_

TR & FE@ § SEm fF S
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66 | Tttt v T v feE
g : . tion of Cast Iron)
zadl A & I o u.m._m..wﬁkdm (Flow-diagram for Product: Spark Arrester v angd | 67
\m‘..nln_._ T (Pig Iron) ,
Todl e ' (—
Muw or Coke) (Cupola Furnace) | (Cast Iron) Refractory Lining
F Y = 14
‘ &R (Lime Stone)f . ‘ ‘o w .
= - L mm.mumm (Air w_mms\ . : Charging Door % Stack zone
R 3.4, 5 T 5 I BT HATE-FRE
Charging Platform Steel Shell
2l die &1 3ce (Production of Cast Iron) _
mﬂ%@.ﬂ. Tl 9221 (Cupola furnace) e wle mw @R % BhY (Scrap iron), & |
o TR § WY A 9 91 St § e | 9 @ € F% 47 F F F@ 21 T TR
aﬂﬁm_ﬁvﬁﬂgm,ﬁmﬂ%@%%&ﬂg@ﬁ_aﬁﬂﬂ%@ WetglGhiarges
sﬂﬂﬁma,,aammmw.ﬁmﬁﬁafksﬁﬁmﬂﬁaw_@mw.awammﬂ@%&mﬂﬂw w
ﬂ.;.— 5
97 954 T Coke Chargés—" _uawsomﬂsm
@n_m_ «_m,% (Cupola Furnace) [ ...__Hw
it kY 3 N P - g B
M._Mﬁ%ﬂ: i 1 9 3 21 39 A 6 F 10 frft AR s 9 el & i d E o L
_wﬁ_ %ﬁﬁﬂmﬂ@ﬂ@am_ﬁmﬂﬂ@ﬂ%m%ﬂmﬂwl : n.u_ama/ :
n. T ﬂmcmﬁmv o S w QM ¥ yIgAd U e g ol el e S 2l RlastPips, . Ljf —————————1.~Meltinig Zone
g ombustion zone)—348 94 & FW U AeZT o y Y S - - &
gﬁ@%%«@ﬂw. ﬁﬁdﬂﬂ%ﬁdﬂﬁ%ﬂ@% D\ TN Wr,_uma:nimwo:m
3. w?«.d S (Metling zone)—48 Te w1 wd Fdf o % g 5 9 A 8 Wind Belt : Combistion Zone
4. frdifén s (Preheating zone)—4g B ¥ 4 1 W B 2 | . _l I I |
5. ®& W (Stack zone)—3Ig ﬂw&m._ T F T ! - ; _
&R (Charging door) &1 2, fed ey 7t ﬁwﬂ- SR 9 B 81 39% Free gy § =10 Tuyere— - *
) I ol -1 ﬁs“w”%%%a& T + el i) e Slag Spoit _ i el
T T2 H A 6 iy v : AR F TN F A 51 WHE g
ﬁﬂﬁHzﬂwpm&ﬁmﬂ%ﬂ.w_ , et !
Tapered sand \
Bottom nSpout
Prop ™ _—Leg
firs 3.5, TUIET HEB! (Cupola furnace;




gwwﬂfgaamﬂwﬁmww%mﬂ. T, @mﬁﬁ@@ﬂﬁﬁ Ty
zdt d A T 2-4% A .ﬁﬂwgﬁm%%nﬂﬁnﬁgwl
% v b O §1 9 e e 1 S A
1, § @l el (Grey Cast Iron)
o, syl e e (Malleable Cast Iron)
3, g %ol @l (Nodular Cast Iron)
4. v4q ol oidl (White Cast Iron)
5. fa<ieR @edl ol (Mottled Cast Iron)
6. firg ol diel (Alloy Cast Iron)
.H Mﬁ.«ﬂﬂhﬂw HIel (Grey Cast Iron)—38H 2.5-3.8% Mﬂ_m?, (©), 1.1-2.8% faferT (81),
0.4-1% \qnz (Mn), 0.15% T (P) T 0.10% FH (S) Tl &l
1 Qnovm@mmmv|mﬁwm e Frefefad T— p
1. =2 (Graphite) & SUER & F11 98 ¥ (Grey) T1 &1 &I €1
9. ie-STg@i & S9H1 TEF (Melting point) ¥4 &4 ST 81 T 1130°C-1250°C Bl &1
3. TS GUEA et (Compression m_ﬂmu%..E 3q m.law w_
4. T9F1 T UMH (Tensile Strength) 9 &l 21
5. 30 TRV S S o 21 98 R (Brittle) off 3 B
6.7 Tl (Fluidity) T TR (Machinability) st & &1
iﬂ ﬂﬁmmuﬁmww m@%m&%ﬂm_ % 07 % S99 (Vibration) 3I €9 (Damp) T 37l
gﬁgwﬂﬂmﬁﬁ_ € 01 % FIO1 98 FE & I (beds) T F ST i S 21
v /\ﬂidﬁmmmvwgwﬂ%mwwuﬂﬂﬂm%@wwl
L Wi % 9%, 39 Ud 92 (Parts) & 1
|

2. 3: T 5 (Internal combustion engine) & $-a01% (Engi ‘
; , - ngine block), fafeue, fi=d
fom, fafemst &2 et % fimtor 3 i i

3. 79 W& R % v % fifor
4. 17919 (Manhole) 3 e M 8, anfgg
\ B4 ,ﬁﬂﬁ&ﬂ ¥I8T (Malleable Cast Iro
0,2-0.6% T (Mn), 0.15% Frgieg T 0.1%
N T (Properties)—3Ty[ge CRERGIH
L T g EmBEm_,.E.mv TS o7 (
¥ STFGTHIT (Malleability) 37 77 7 ey 2
m.%ﬂﬂﬂmﬂaﬁﬁ@am_
3. I T gy (Wear resig i |
tance) i :
ST (Uses)—31 ST %y ugmm wmﬂaaﬂﬂ ﬂ% MME%: damping) 1 +t 77 e 2|

S5 (Universal joint), F=3 (Hinges), yfe (Wheels) afe ¥ %.ﬂwﬁ@w w@.ﬂ Eicsy Mﬂmﬂm
. |

n)—%5 2-3% I (C), 0.6-1.3% Fafer (Si)
HEH (S) 31 =)

% W@ o7 ey

‘Vg

mg?@ﬂ?ﬂ%ﬂ&ﬁﬁﬂm@ﬂﬁgw ﬂﬁ,.

. g amgd | 69
3, digel aerdl EMEl (Nodular Cast

. Iron)—34% 3.2.4 29 555 (C -
T - ’ 4. ), 1.1-3.5% f=ia%3
Si), 0.3-0.8% HTAIE QS@‘ 0.08% .d..m_«.ﬂam (P) 9 0.29% g&m (S) B 21 _

o1 (Properties) IR Tewl Tt F wyw 10 Frefffiag §—

1. 584 A%E< (Graphite) Ta-Tra Fvif § qrgp ST 21
92, 98 14, IR T =g (Tough) 2T £
3. 7@ F9 We1 (Vibration damping) 57 ey I T e § 3 2 6
4. 4y ﬂ;m BLL| ﬂ,m@m (Wear resistance) 271 7 3
(Uses)—ISeR 6l @ie & 394 fiferfag $—
1. FFTS IENT ARG,
3. 79 T FOEK 7,
4. UfeT e #,
5. Acd g dred fhle (Valve and Valve Fittings) 37f< § 2 21
/v\«wm Feral wilel (White Cast Iron)—395 1.8-3.6% FE7 (C), 0.5-2.0% F5Fs (Si),
0.2-0.8% HTHIS (Mn), 0.18% FHRE (P) 3K 0.10% 9% & &1 .
T Awwozmﬁwmmvlwﬁwﬂ g o1 T—
1. 98 Z29 W e femi & g1

(

2. T FET AT (Fe,C) % 9 § &I 31 9% 9gd & $8K W WK o 81
/w\mﬁm—. U] SRRIY (Wear resistance) mmm 33T 3§
4, 9 ottt § weiiftin s Sfe 8 &
IqEnT (Uses)
1. T 3YANT EKEe Tl del S § w8l
2. THF! ITINT FHUT-SFH (Wear resistant) W31l F8—dfedl (Wheels) F1 w051 (Lining),
#19e F HIM (Crushing), T & ‘Gict’ (Balls) 3T A ¥ 2 81
5. Terflar et wilet (Mottled Cast Iron)—39H FHA [AH=EE (Fe,C) & 1 3 981 79
T (1) S 4t e ¥ BN 21 R W ] (FE) 3 9 § U U SIS FEES (FeyC) 3
T | Whe i & Iuftafy § fadier & 1§ gE AR T8 @ qEa § w e
EEp i) (Uses) ’
1. THF! I9GM 9 F 59 (Engine liners) -G (Press sleeves) &1 § &l &
6. fafirg @erat wieT (Alloy Cast Iron)—gerai @iie ¥ dif6d (necessary) T Sk m‘_ammmd
& 3 g HEvgEAER fafi aifa® T (Metallic elements) fiyelie 4 §1 39 WER 19 ol
%ﬂﬂsﬁ%% (Alloy Cast Iron) F&3 &1 TRl 0t 3 w4 § ffiFel (), FFEA (Cr), T
w), Hiferas+y (Mo), dfaT (Cu) 3 T 1 ST & R
T (Properties)—fisl zel it 1 01 39 A (Alloyed) T W Fri & 31 S —
1. Fifieer (Ni) SR % Uil 31 IR (Refine) 4l & U WA (Strength) T 7eT &
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70 |yt wad @ v

e =g agd | 71
; HERT (Corrogj - & -
sfea (Cr) St # 9 (Impact) ¥E 31 e a9 € e 4, WA W T AT (Malleable) 177 41 'S
m.awmw ) : , R " 5. g9 H T "M (Tensile strength) U9 §4leq gme (Compressive strength) 753 vh 1 i
o mﬂg&% 97 H&IRV = . p .
M. .m_._ﬂ Aowuawmmw ; o) o § 3 T S T Tl =l mﬁ.@ CEf T Frg |\ m% Gl 0T (Classification of Steel)

‘ _ i e AT STF B 4 e F R S F Yy F aom ®, w6 9 o w3 s v v =
o7 SRR (Wear resistance) T | N » FET F 6l T 34E W V3 TEae T
A B mhcnﬂ Awﬁ_.mnm.%r ™ %mﬂ srged 39 % UH (Parts) @@Iﬂ@dﬂu (Alloying elements) & STER T feFar =1 5= 2
mnﬂ._: ses —%4 Fl 39 : I A

fefemsx A (Cylinder linen), fiee T (Piston rings) 31 A %ﬂﬁw_ﬁﬂ - awn ﬂﬁm m.w- M_wwmlaa & AR W ¥R T wie—s & s T e =
e i T & o R % e, y el I 5 aii
%%&ﬁ%@a%@ i T 3 A 1 3 3V e T, 99 0 9 Ry (e) TeT T YT (Low Carbon Steel 53 7 5t sfovra 7 0.0% & 95 & 1 o8
iy } gvel R I 2 | % AEld. Bledl) I w....mm ol W TE (Ductility) T STERaETEE
= _ (Malleability) 1 70T 973 ST &1 Se<faleie] (Weldability) 51 5 771 52 =5 21 3550
3] 5 (Steel) ~ 5 T §HY 390-550 MPa (N/mm?) 3l 81 T991 3T R (Wires), 5% (Sheets),
77 4 S 70 35 9 o < v 9 ﬁﬂﬂ e ww WH._ el e, MM Mw (%) R¥E (Rivets), 3 (Chain), Y51 (Pipes), FI, ST (Camsha), 37 (Valve),
i ﬂﬁﬂ% I ﬂﬂﬂ Mﬂ% ﬁiﬂ% ﬂ%m_ wgmﬁ%ﬂ | T faf B Muﬂm FART U BSMMMMM. rod), @7 (Cylinder), ¥o% 5™ (Building

" STeTT-S7eTT qHERT , ¥ FAIES (FeyC) ° construction) 3§ § [
| dm b S T e A (Pig lon) T S S (Wrought Tron) § F T 81 7 (b) FETH HTET T (Medium Carbon Steel) —FH5 TR =1 X4¥E 571 0.3% 3 0.6% 5

| R ¥ T I I T I

&= Bt 81 39S & 9 750 MPa ¥ 1230 MPa (Wmm?) ¥ 55 38 21 = =em

TG & I BT FAE-HRE (Flow Diagram of Production of Steel) TR ¥, T (Axle), S (Keys), %% WITE, 2 % (Set Screw), A< (Boks),

— : 79 f&&F (Clutch Disc) 311 &9M ¥ 2t 21
E . ﬁmwmw dere wmmga (c) 39 FE WM (High Carbon Steel)—3dH T/ 51 Savd 55 0.6-1.5% 5 572 74
S (Slag) 21 59 T 9MH 1400 MPa (W/mm?) 7% ¥l #1 $91 ST4T <7 209 (Cutting
] \ g : tools), STE-(F (Die-Block), Id 1 %, FHMI (Leaf Spring), <Y & % (Taps and
e =g (Open Hearth Furnace) S i mmm.u_.u.“u”mu A0 0 B - . S 3
(Blast Furnace) e EL2 G if) AR T FHTOT (Classification of Steel on Composition}— =%
r s (Steel) gﬁﬂwﬂaﬂﬁﬁﬂ_@amlwiﬂa,m%wﬂaﬁ,m@mg. . )
(Bassemer Converter) 1. - 320 (Alloy Steel)—de T ¥ T 41 U J 31w o I fowy s, Wi,
[ i | \_ I 31 fefe Toft 3 fere fierren o 4, ot ST e ¥ WRE AR R 6 ¥ GG o
s T e, Fifrm, Fifeaw, S, fiafer, e, e, A, Fri s e s &
. FP.U%BS%V 39 o500 w5 9% SvEm F R §—
. e 3.6 5 & v S | () RO 91 AFT FWA (Stainless Steel) —FF ST T4 571 1, FEr=ra I,
ok — ey YT S, o e JaRl ol ¥ f € T T ee @ -9
N \wmnwﬁa_.m_ Mﬂ_ﬂ. T (General wn.ovmammm of Steel) ERRSUGH =] , . .
1 ﬁ&uﬂ“ﬁ@ﬁﬂﬂ@ﬁm F— ~ : (b) TE-wiis @ier (HSS)—39H ST Fa SR Aoanmmam, So_m,, TEm R W EEa d
g i ﬁﬂﬂﬂiﬂﬂaﬂ%@aﬁiﬁ 59 919 R 39 FSRAT (Hardness) TIT T&+ 1 01 8l € §6% @l 58§96 T
ensity) 7.8 gm/em® 8 3, T (Ductility) weet 1 (Shock) *t We T 21

m- i - i LY
s mﬁafﬂﬂﬂae_am&s 2 4, (c) Tafere Feam—eas T T S 81 THF1 ST SR, TR S, g W

3MfE & w1

o




P ——

qn_%miﬂmﬁm.ﬂammﬂ

o, T TR W @i 1 3e (Plain Steel or Ca
et ST 31 4@ G TR T &

rbon mnmmclumﬁ.w F FRIY 79 B

(Low Carbon Steel omgzm Steel),

(a) fi FEA T A g F9d
(b) AT FET T, 3R )
(¢) I FEA FEIAI ks
5. faferez F@ (Special Steel)—3 T ferdr i & fog A ¥ 8
(iii) ST & IR T T A affaTur (Classification of steel based on end use)— Fq}
TR W S F aEe fE = B p ‘
1. BFE §90, 2. FHgIYd $E, 3, €I9-3RE7 §9M,
4. i F@IfGE] g9, 5. @ §9N A
Tl & Sere B faftrdl (Methods of Production of Steel)
T 3 I 1 ¥ faf Freaffd €—

(i) 38R F= fafY (Bessemer Converter Process),
(if) el 92l faf¥ (Open Hearth Process),
(iii) L-D faftr (L-D Process),
(iv) faga-a% 92g] fafd (Electric Arc Furnace Process)|
.wc AT mﬂmﬂ«,ﬁﬁm (Bessemer Converter Process)—d9H F921 T& 3USER TH
(Container) Bl &, fod 3% % Wl ia (Tilt) ey S e 21 U FTE AT TEN
(Steel) F1 T (Cover) F &1 BT &, a8 221 & &R (Lining) & a1l &1

v s e =

arg F i
(Air Blast)

\

&l W@ﬁ l(Tuyere)

a1g Afer

(Air pipe)

|

Fm L B RO F0h e 2o ey wig agd | 73
%m_Mﬁﬁw.wﬂ%wﬂﬂ%ﬂﬁ%&%wv&ﬂﬁﬁ%ﬂ&&%ﬁ
o Dy ) = 51 340 v 1 oS smifeat siwdig @ ot #1

. e, g
%&ﬂ%&a@ﬁ%ﬁa%wﬁﬁaﬁﬂ%ﬁﬂﬁm_ﬂng
Ss.ﬂmwa .m.ﬁﬂavmsmmm;rmnonmmm m

il aAfire $E1 T STRIL T A g Tﬂﬁ?%@ﬂﬂﬁwﬁmﬁz.ﬁm

ﬁ?@%@iﬂ%%iiyﬁ-ﬂwﬁaﬁy
o Fel e, I B, T TR T i |
Mmﬂﬂﬂﬂ%%w_%gﬁwﬁgﬁaﬁWﬁﬂww%ﬁ%
- ;
i ¥ TR STTIFAHR TR T T 7 PR S
Eicul
T oier Ro:mam:om_wo:

///////
/ rag Gl-FoVa. 51
. Lg d = / .
3 R @W\\\\/\ /\\\\\ 7 _/
LR |
ap hole g
EQHM ?MMMMMW&
ferm 3.8. Amm# ﬁw,dJ (Open furnace)

- Wﬂw ﬂ.U._W._.WF.U H.Snmmmvrlwwmﬂ-%gﬂm@%AEnUoumﬁﬂNEbnmmmv%mﬂww_
w_ﬂw%w%wﬂ%&a@ﬂ@iﬁﬂ%+§%+ﬂﬂﬂ+%ugg
I o ﬂ&ﬂﬁﬂw%ﬂ%ﬁ%g@ﬂ%ﬁ.%@ﬂ%%m%ﬁﬁ%
e g ST 21 %ﬁ%%ﬁﬂaﬁ@mﬁwﬂiﬂﬂ%m_ SRR & S
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Water cooled hood Oxygen Lance -

: i T A wirg =gl 1 75
5 %ﬂmﬂwﬂﬂ%@@ﬂ@ﬂjﬁﬂwsﬁz%m@z

Sgehold . . A?ﬁ:m_um:% of various Sections of Steel in Market, its form, r .

/ i @ & wwu awa S (Standard sizes) 31 399 fafvrfiesi ﬁwwn Specification)
%%%ﬁaﬁﬁﬂm& ") T AR il ¥ T 6 OF TS (Standard) 3
FER TG [#nd- (Sale-purchase) W 5% wray & SFET A 21
+ 4w (Sections) Td I HFF T (Standard size) F §— F® € M

() T, 3TE, W, e Vr—a T

: ATRI-FT TF el (Hot rolli
fordle | oA S &1 T SYA e & e & ot rolling) TMI =H A
Converter (¢) Tappl : < e fopr <t 31 e e W,
(a) Charging apping wﬂwﬂ wﬁfmﬂﬂwﬁmﬂ%mﬂﬂxﬁwxﬁgﬂﬁﬂﬂ&y
S g .
= = Magnesia brick
E_m.m,_a_,_usu O
firr 3.9. 7 7 @ L-D fafly 4“ -,
(iv) faa-om$ wedt i (Electric Arc Furnace Process)—f9ed 31T Wegl ¥d F | : .f e~
(Cover) § aaﬁ»w 3T A%Mﬂ M_W HrEEe aw% TR (&T07) arell 9ot € 81 39 e, foma-om “T'-Section o ATE
T 1 6 81 RIS | % BT A €, 7% SR-AT R < A §1 97 e we fafy ‘
#1 T9d 3 I 1 TR 9 99§ 9 A S e 8 fem 3.11. Rfte 7o & Sawr
Por supply—| Electrode i) I (Rails)—3 off T UET 270 ST SR &1 T ST VSl W T & I T F
Roof fer, fea <ir 21 ' ,
S .Wm_ shell (iii) T (Wires)—3 FIe2 SET (Drawing) 51 51T ST §1 3 (Coils) Fefedi ¥ 39 1 71

(iv) B8 wd 9 (Bars and Rods)—3 1@ AT (Hot rolling) 1 FIFSHT S TIT Eichdl
T STPRI-FIZ A (Round), TN (Squares), TEFTI, STITF (Flats) & T
- ¥ T I o A S e, o e, st Sw, R s e d A
A | T (Round) T T4 W 1 AFF YES = (Diameter) R o fFal 1 813 5
. firft & 200 firdt 7 =g & fired & 991 f (k) § 39 S R
(v) CTD (Cold Worked-Twisted and Deformed) a1 TMT (Thermo-mechanically
treated) B3 a1 WRAI—3 7@ AT T FFC W & T Iydn fofae geiteft &
F, FHZHYH H = 21 $79 9% (Standard) HES i =¥ (Diameter) T FH
fera T £ e % oft R (k) B A9 SR
(vi) B2 (Plates)— &) G 5 Frt @ aiftrs wd <o 500 Frfl & sfes & &1 3 ¥
T B firem §) o SAeA o A A 5 A R
(vid) WTEY (Sheets)—5 fiFft & %7 He 3 500 i  affi et F i SR (Product)
. %) T 3 1 3 AT (Hot rolling) 1 ¥ IRIT (Cold rolling) TR T T &1

Undht sosit
/ \m_mm pright position




%.ow%s%_wwﬂaa o
EE q%aﬁma\wﬂs&a@@ﬁaﬂmim_ 3 T ey

1000 ¥ 1550 fiFft & 3 2t 21

W 3.8 f o (Alloy Steel)

%ﬁamﬂ%y%ﬁ%ﬁ@%ﬁim@%i@&ﬂﬁ:ﬁﬂa

3t it P T @l €1 Qe I (Alloying elements) fror & 38 & 00 4 ST s |

R o &1 .

fas-gwam 1 & 3¢eYT (Purposes of Making ..»:ow Steel)
-5 T F PP e B B
1. Fegror Ay § R, N
9. 7dl, 95T (Toughness), Farr afe T § UK,
3. 3=1 1 A a9 W g & qwe e,
4, FU0 & SR ¥ f7,
5, gu; ST (Wear resistance) H guR,
6. qEiAffaRT (Machinability) # FUR 37C!

T ¥ fiee 5T @) dcEl & WG (Effects of Alloying Elements)
a7 # fim SR 9191 9 (Blements) 3% 39% 39 % aif o W e fefafE e—
() B (Cr—7 T § daro sfedy, o w ofor sy e 81 99 -0
T &1 g o T 81 wﬁamﬂ%aﬂamamsgmvwmﬂmmﬂﬂmﬂmwg o Fgdi ¢

(i) FafFer (Ni)—6d SIHST (Toughness) U6 F2# &1 # &l Fgdl &1 48 Tl
sl ot e &1

(i) I (Co)—37 I T T FEA T T £ U5 72 et 1w off ot 21
(iv) gﬁzalﬁwﬁamiﬂﬁam_ T T4 U deefafael F9 Bl e
(v) S (W)—7% FIa1 T o1 el e & 1 3 19 R W2 7 AT < 8

(vi) e (V)7 3o & o ) ,, ,
TR T 5 A T & W (Refine) Tl 8, FEROT & @ &1 7 4

o " .
vii) j A% T8 W4T T o (Abrasion

fafir= Pﬁ.w«%ﬂ, ..e.pm.mnmﬁ Alloy Steels)
SR 4 5 31 A 9 fg-3et 31 g T apmffay §

e

fafet FE (Nickel e g 1 77

1. ickel Steel)—zHH (.3 0.45% . o

(Toughness) a1fes BT 21 TE ToEd U afy M_.%MMNQ o&% .%_.m-w.m@u Ni B 21 595 9med
%\ﬁﬁﬁ%ﬁﬁ%wﬁﬁ&ﬂlﬁﬁﬁ e S B v

st T, TEIRA ﬁmﬂﬁwﬂmgﬂﬁﬂﬂ@iﬁwﬂﬁ_ | S5 STamEl

u.w@ﬁ-%nwﬁﬂzaw@_-o:samm:i .
Ewﬂﬂmwzwioﬂwﬂaﬂwwﬂl eel) el wa Aiftaw % srerr-arepr fagm &
. (a) 35 Ni 1Cr 60 TifFe-wifiry FHEA—3TH T 0.359 ;
. : .35% C, 1% Ni T4 0.6% Cr 8 21
m.mmu._.md.&d ESEGER R GE bo & FA-T (Components) & & B 21
(b) 80 Ni 1Cr 60 fafer- shifirem Sem—sgait wmvm 0.3% C, 49 Ni i 1% e 37
m,:ﬁwﬂaﬂﬁﬁﬁﬁﬁgﬂam_wﬂmﬂ%ﬂmﬁﬁugs&ﬁﬂ%
21 Fu IUEIT vel-57E fiR, W (Shaft), WY s a9 & d 21
3. A MMAE (Tungsten Steel)—3HT T 2% A, 1.70% HIFAT T 0.5% FE T
3| 98 75979 980 FOR & HIMS (Tough) BT 81 54 A W 39 T894 & FIRa 51
JqET 7T FY & HET <o F B 2 oLk o

4. HEIeE §WM (Cobalt Steel)—HlIez FEIT FET Tot § 9 8 2, i FRRE (Co)
g TR 99 (Red Het) 379€1 # F3RA! (Hardness) @A1T (Maintain) W@l 81
5. fafere= #THIE 3 (Silicon-Mangariese Steel)—3aH FTT 05% FH, 0.9% HHS
T 1.4% e (Si) 31 81 9% S 980 FSR TH H9E (Tough) Bl 81 567 BT F I 8 €1 g9
IyEi foim a1 FAE, 99 Td e (39) o0fE 3 # @ )
6. Be19 I (Stainless Steel)—vd 0@ & 11.5% ¥ ifus Sy femn I g
I SIS &1 U Jael W (Fine film) S8 T 96 S 21 48 A W 601 19 & €,
STl 30 TR ST § ST A1 WA (Corrosion) Té 2l 81 §6 $IE 1 Rl (S0 ) 1 HRoT
TH! T Fed §1 98 [ ®Y § G FBR F B §— , v :
(a) 3MRfed VIO TWM (Austentic Stainless Steel)—3H T&X TaRT T HHS
(Mn)-2-10%, Fafe (Si) 1-2%, FIFT (Cr) 16-26%, T Ffea (Ni) 3.5-22% &
$HF SUERT 9ggH AN, FS-AFEE (Heat exchanger), TH-JH&U (Food
processing), 9 941 @ MM, gY-FAM (Dairy industry) a1fE ¥ B 21
(b) Hfes BT FW (Ferritic Stainless Steel)—FH Tt TAsT Te—HTHIS (Mn)
1-1.5%, Fafeia 19 T3 FIFFEH 11-27% S &1 $91 IERT ST FSi-Foll & HAH,
T W e, sigg-aR et o i & R
(c) Areafafeds waeld WM (Martensitic Stainless Steel)—3@H T&I TERT
TP (Mn) 1%, Fafert 1% T HIFEA 11.5-18% 21 81 $61 904w w1 T
IHF U2, TR T2 (Bucket), T S9N, e (Valves) afe F TR # w#nw_
T T R (Tool Steel) =t TR PR AT 5 e % ¥, o v 3 ST (Shspe) 31
ﬁiﬁﬂagﬁm@@%ﬂ?ﬁsﬂﬁaﬁﬁ@&:&g@m%w_
T e & T[T (Properties of Tool Steel)—%2 e # e o1 3 el



78 | yeRfvafon wed T werd T
1. 391 95T (Toughness) s el

(Impact) 1 ¥ T (ance) T FaNdl (Hardness) s B g

; Wear resis T T
w. M..MM i mawmwﬁmmmmﬂmavﬁmdﬁ& o Feral 1 T (Maintain) Tgy Hy
3. T 3=9-T (Blev

i ﬁmﬂwﬁﬁé gl (Thermal conductivity) ﬂm fafere s Aw.vmama wmg_
4. T

sifige gF IfET ) e

§Tool Steel)—F-Id F7F TR :
ﬁMHM M_Hemﬂmmaa (High Carbon Tool Steel)—%1 T T Www
; S 0.2-0.8% T Al 81
E.Em% Mwa % 2 Mﬂ 7 S W (Files), - (Twist dril), 39 (Chiesq)
adtel (Hammers) 37f% 91 & € &1 . |
MW_M_M.&N &I (High Speed Steel)—78 TA-€ra # Fgd @ H8 N mw
ST ) G & S A e N B ﬁmﬁﬂ@&ﬁm.ﬁmﬂwl ,
(i) 18-4-1 T~ ite Wer—3ail 18% ST, 4% M TH 1% SAfSTH T &1 31 a7
(Fe) T FTH7 0.75% Bl 8

Iqd—zaeT SUAm few, T, Ffe @, < < e s # S 2
(i) T E- w8 Wa—5 FiEee gE-is S off FEd 81 T 10-12% S0 (Cd)
20-92% TR (W), 4% FIHH (Cr), 2% S4E59 (V) W 0.8% F1E7 941 919 <ilel Al gl

TT— 3T ST §9-2get qeif § e o 8
(c) & Fa(ze (Tungsten Carbide)—3d fai<se FMEEE (Cemented Carbide) dl fo
AT (Sintered Carbide) 5t F8 W11 31 34 Y2ST Heerll (Powder metallurgy) I SHIT i
T I (W) T Feofrm (Ti) a1 3o (Ta) & T9eR 5} Saree (Co) TSR & 914 fasd (Mix) F
% TR 39 (Press) W A ST &1 59 ST S 1 F e )

S T 3-13% FIE, 8-20% TaC 1 THC T 919 7 Fles (WC) 2 &

L. ¥ T T8 (Red Hardness) ¥, 354 19 . 7 e <y a7 o7 Bl 21
2. TS (Wear Resistance) 9d 311 B 3

" 3. dmew (Toughness) I AT i
g .m_a_wﬁ%ﬁﬁw%aueﬁwafmagmvﬁmaﬂéw_
FOETEE (Satellte) .1 sree s 3, T FF (Cr) 25-35%, ZmET (W) 4200
FET (C) 1-8% T ¥ B (Co) 1y 3 2o
TU—1. $9% -89 (Red Hardness) atfirg;
. ;W
2. HHRT WfRRiya (Resistane i

e 3.0.5835 fyss
3. T ferdterapar (Wear Resisty, o J

. : nce) ¥fem
4. =JM$YT (Toughness) Fy I i

- g 79
FTAT— T ITIT— | .
1. werdl drel, ﬁwﬂﬁﬁﬁﬁwno:smv mﬂﬂwﬂ&?w%ﬂ?
5 Mﬂﬁao NM ﬂﬁﬂ@qﬂm.&ﬂwﬁ&a%ﬁmaﬁamﬁmﬂn%u_
3 =11 (Gauge Blocks), Fwigey (Cultivators) M M T & B 2
(e) STIUS (Diamond)—7e F& e 53 (Hardeq

ﬁm%mﬁ%ﬂ@awwﬁﬁgiﬁi@Vﬂﬁ_ﬁmﬁgaiim_ﬂ_
5] ST T 58§ 99 55R  ad
ﬂﬂﬁﬁ%@ﬁ@%ﬁﬁmﬂ&a%ﬁm

T & WG R (Finishing) 5 .
@S A (Ball), BEE (FSAN) F o § oy

eel) % ST T Trucing $ T 3 &1
. . A IR 0l F 3w 4§ oy 2
8. fem el (Spring Steel)—Foim #3fiare 3 a1 ¥ (Store) 30y 21 T 0.5-0.5% 31T
(C), 1.5-2% TafeT® (Si), 0.8-1.0% HFHR™T (Mn) B 3
" - —
1. 359 TR 0T, 2. 359 BT (Fatigue) WM,
3. 3% FMSTH (Toughness), 31 & o7 3R §)
FTIMT—EHH I :

1. 2fdsa foim, 3. Mg T8I (Torsional spring),

2. WG-fST (Leaf spring) &1 #9561, 4. aeg foim, onfE </ & 2 R

9. S (ATILee) fa9- TWM (Heat Resisting Alloy Steels)—3 30T 5 T 37511 (357

1 ) T4 WU (Corrosion). F T9H 950 %8 VSl &, FSINH 41 ARSH (Heat Resisting)
-39 Feed 2

I A R I F S A ge § fe o e afe—
1. SierdieoT T8 R (Corrosion) SfceesdI, i
2. 7 (Creep) Td ¥Hel HeT (Thermal fatigue) JRAHE,
3. FEFR (Working) 19 T §M# (Strength) ¥ R4t (Stability)!
7@ fiz Hafien war Wi i sem b 5 8 -
i e (Nimonic Steel) — i v fiffFel SIHR el 3w a sfqus w§ F #
(Creep) & il aelt frsy-urg 31 g 50% 4§ oA fifed, 20% FfET o eRefm, Tegffam
¥ 9T o o F A 51 45 5 ¥E § fo 3, SR—FrfE-1s, CrF-80A, FriF-00,
FifrE-105 anfe
FifE-90 1§92 (Composition)—3H F-8-F1 54% FifiFe, 18-21% WFEH, 15-21%
A, 2.3% aefrm v 1-29% efFT S ) L .
TN (Properties)—3 307 G Td SIS (Toughness) T B €1 T 3= T H1 W
T A 2, oyt & wew q w o o g T T :
ma&ﬁ’ﬂd@ﬁ Tag 2id (Heat Resisting Alloy Steels) F IMET— .
L ferreR KICES {aelt (Rocketry), dfafes fUEd (Ballisite missile) anfe & mw-& .w_w
2. T Wfegal (Blectric Furnaces), #77 gFR (Hair Dryer), 2% (Tosters) e Fa el




N %ﬂ AOQBﬁ_ﬁmﬂoﬁ %Wg_uo-.v, G.h.:mmk. 5), 0=y ( Tail pi )
3. :.m TERT A el oo o mn_m wﬁd_

] ! | . ;
10 uﬂﬁ m_mmmum ﬁ.mm— QBﬁWnn mm.ﬂ&mz.m:m mﬂomuvllﬁw .m“i_mu m. ol |_.o.m_ w w.ﬂ.ﬂ. 1.9. .

fi A o &
A, 12-14% TS (Mn) T 9y & (Fe) &
o 3 e (Strength) 3T T (Toughness
o407 (Wear) b UPET i 3=l il 2
ST — g ET— i |
1. g g Tt (Earth Moving Machinery
(Bulldozers),
9. YR @ F A3 (Jaws of Crusher Plates),
m.%mzmﬂ.:ﬂmw@&mm%am_

%ﬂﬁz%%ﬁ&&mﬁ_ﬁﬁﬁﬂ%ﬁ

Vl%@II% (Caterpillars),

kRl i agd | 81
ol | @R v wgw%mﬁiﬁﬁ%sﬁ |
el @l 2-5% P T
| + W BES
.u.ﬂdmﬁgﬂﬂﬂw .”.%wmm -
* A% = 1200° " .. MWM: (i)
| i :
freaf ol | 0-0.1% s e .
G & WX 330 9
£ mﬂﬂdﬁ& u... s, SR
& TEE = S & S
P
& DR SR Y A
% TR = 1535°C .
LAl PP P —
& e IV = 0.45% e
“ TS = 1400° C o 3o /
o E A [t ,
% 3 Y GO, I o 2 shatm |
e HET S
& T = 0.45-0.8% R
4 TEF AGA & T THA € e
& weim T AT a1 e @ | @ I T TRY
forgT ST WA B .
& FEA T(q¥d = 0.8-1.5% & A=
4 = FH T ST 4 et 3R 3§
& e TerE / & e, W, o

» =0 i 0 5@ S e



o
.0.

N .
** ..M“_.HH w

e e 8 e g v,

& on. % @4—
" & ared o anfg
5, |7 T (= 02% | % TN SLsip s
Mo=05% | 4 e sfald o W 3
Mn = 1.0%
S Y ¢ Heror At & FmM ared §
friif 3o Cr=18% & Fa < FERE TEE A
: Ni = 9% % 37 A99H gWAE
W=1%
: 5. |fifF TEm C=0205% | <« gm= e RY
i Ni=05-20% | % %N < AR ¥
{ + s o fEmaRd
v 6. [RTHTN  |C=08% % F:3 & fagftn &
¢ Ni = 8% < ey it < Hfeda I9H0T H
Cr = 18% + TR A ofef e | o adT e
— Tl 21
7. W_.@ﬂ%w-ﬂ.—m— MMO,m.uM’I o N&JA ' = .W
! % fr=a ¥
z.w = H-A.Qc o". ‘m—mﬁ-ﬂ.ﬂ. Mgﬂ)ﬁ o m..lﬂ. ﬂ
Cr=149 ’
lll"ll
— l"’,’,[,,,ll B
C= O.M.H.mﬂu o". &A B
W= mnHon s e .J.

wirg argy 1 83
» VI 695

& I F g

< ﬂ)ﬂhmlm

% TR S
L
® TR &

< faf=1 vEr = foim |
< o R ¥

— ol

sire el 1 FiAC—eie el # ger: AR i & S f
1, el e,

2. el e, 3. fyedi <, 4. TEEI
B e 3aed : :
fafi= YoR & wie s frefafad §—
(a) Haematite (BHeREe), (d) Magnetite (TeRe),
(b) Siderite (fHSTE2), (¢) Tron Pyrite (3 TETEE)!
(¢) Limonite (famrrEe),
B T Al [
ﬁ%mﬁwﬁﬂﬁ%@mﬂ%%@a@%ﬂﬁm%ml
Hiel = 92-95% FERRE 0.3-1.7% &
FET = 3-4% TEH 1% ¥ FI
fafe=i 1-3% .
B e wedt

%ﬂﬂ%%ﬁéﬂ%ﬁﬂ%iﬂ@j%ﬁﬂ%@ﬁﬁﬂﬂﬂJ
ifT F1 Far 21
T 3 fefafad §—

® wd (i) T (i) ©F ) I g
B fedt s .
%% Tig wrqell 91 A B & A 8
TS ques— .
C = 0.02-0.03%, Mn = 0.02% Fe= L

P = 0.05-0.25%, Si = 0.02-0.10%
S = 0.008-0.02%, Slag = 0.05-1.50%

¥




84 | gt v g v
lmﬂ.%ﬁuﬁﬁ, ;
m@@ﬂsﬂﬂaﬁmwl

(i) F=a1 e 1 W,

(ii) I& FE,

(iii) T, | q

g o o %%W.%%.%aﬂ T . _#u_ﬂ
ﬂ.%ﬂzﬂwﬂﬁ%ﬁ%%%wwgmﬂ@ o BT 81 HE 36 F AT T A gy
TE § G 3 S 8l

(v) Sl

B ool e & oK A
<o e WM I YR @ 8 — : ,
(i) R e e, ?ﬁ%ﬂﬁﬂ&ﬁ
(if) smETEY Tadl @, (vi) 4 Tt e,
(i) FIgeR el @i, (vii) gaviifaa Toa el
(iv) T4 Toal ol
7% IR AFH & o 21 9 TE: 5 9 ad i—
W% (iv) Frdifem <
(ii) &1 7 (v) ®F 97

dii) BT W
A9 $6T 2% F o 7 SR A1 71 9% Yo ol Ud ey &) Y g 81 39 A
FA, A FEZE F wY F 2 2 e : e

= IrereT

T 3 F AR R e f T 4 R
(a) 535080 770 5 e T
() M 6T EL3 G i (iil) 359 FEq T
(i) 199 FET Tay
(b) 2 5 SR T 5 155 PE T
(i) Wm Ma@a (iii) fafire zoqg o i
. %wmwmwﬂ M7 = i.,,, ,mmo.m_ = ubl $860.0-€0.0 =D
— R e | ?;mg_o_mwo.mc.c =ig 8C0.20.0=9
i) W He.1-80.0 = pel2 $20.0-800.0 = 2

(c) ST & R T T & anffey i il

() GEAHS O

(iv) BIfSFT iy
() FHTT T g
(iii) E9-SIE7T TG
g el Se B R
e faferal Frfefas —
Q) Wﬁﬁmmwﬁmﬁ (iii) LD fifyy
(ii) 2l M4 (iv) faE-31 o3
o & i S
(i) T, A%, T, I I RE  (v) CTD o TMT ey
(i) @@ (vi) @
(i) AL (vii) T
(iv) % T4 | (viii) fgmg
B s g

ﬁmﬂawﬂﬂmw%ﬁ%ﬁﬁ%ﬁﬁmﬂ%ﬁwﬁiwﬁm&
131 I I Sl B :

W # e 9 9 dw—

(i) wifem (v) TA

(i) fAfeFe (vi) FfeTm

(iii) FEEE (vii) HIfe=TH

(iv) HTHN (viii) faferi

B R frst gxama < b St

1. e 3y 6. BT 9@
2. ffrer-shifirgm seam 7. Td T
3. ITT TE 8. faim 9
4. PR TWH 9, TSI A4 3
5. faferm-Hrie gem 10, FFiFE HSFT !

b %@gﬂw@ﬂ%iuﬂ%%%&ﬂﬁ@ﬂmﬂ%%_
2. St rerees e 3 g e et €2 R T Y 5 e R e e g ARy (2009

. Frtfifan erqeit & aifie il @ @0 @ _ (2001)
() %1t rEr (Cast Iron)



R
, virg gy | 87
g5 | gt v T T o (2001, 33, ¥ & ST D FE IR (Flow dingram) agyy
(Mild Steel) (2001) 54, ¥ T wwﬂwﬂ o g ) 3 5 e o
o 1 P
AMH“ MMMA.MM.._ (Wrought Iron) . (2003) 85. @A Mwﬂ S ﬂwoa Y e R (Blast Furnace) o v frs ) e 3 g
; : : 20 Hie .
& ﬁﬁﬁmﬁ-ﬁnﬂgﬁwu Amoy MM Mg g6, aerdl cire & FmfoT 3 ST 8 At aten (Cupolay et & e vl S
5. Ry N &7 i e . e 7. TR & 3T &1 32T & Wy Am.m&oamvmmmﬂ.ﬁw_dmmwmgma ecifications) 1
6. ifire 3raad (Alloying elements) Pl mm. rRae o i R e P qaRe
i ification ' A 38.
7. ?ﬂ.wﬂﬂﬁ _.m_m_mu_ﬂ_ Amumm_ ca Mﬂﬂ.& (Alloying Elements) & ftret @l o () HETd ORI FeTd (Impact hardening Steel) (2011)
8. e i o R e : (2005, 04, ¢ i) a-lts Wit (HSS)
s . 2 e ii -
0. Rifir dite s - 9§ £ %%wﬁ%%ﬁi% o (i) Wﬂ zaqwmww ammmsm wz&@w
. ﬂﬂﬁﬁﬂ@ﬂaﬂ@ﬂm& . (iv) X pen Hear urnace
10. mm_:mﬂmﬁﬂ_m..:_&@ &2 b T 3 A SR T P RIS AR WE afy (v) 3% Jeare &1 faf
1. SR} (Corrosion resistant) I (2006) v
v 3ydm fafadl (2008) 39, Frmfeiiad & o1 & 3uarT ferfee-
: i el aret (2012)
12. T 3EE S TS RN 6? S S— (2009, 07) E ama Cr U@ . (2012)
1. e & (Tool steel) T &7 56 orerf 0 . (20011, 09, 0) (). O :

- T Fmfor o e e o g | 09, iif) SiMn S (2012)
14. B @ H g B 82 am_v_ﬂ - . | (2008, 03) A (2012)
15. %mmmm_ma_wﬁqmwnmm:ncammﬁmﬂmmﬂ&ﬂwﬁ o (iv) Hﬂ.ﬂ%w«.aﬂ (Fereies geama) ,

16. SrgeR Gl AT R 3 (Grey)/ ) gevel aen 3 v A . i (v) fofirer Gerd eileT (Alloy Cast Iron) » R, T
17. g (Malleable) 2era @i & 01 v 3wl feifdl| oo 10. w@mmaﬁﬁﬁ&mﬂgﬂﬁs%_ FaTE 3T g1 R et v ¥ie 3 & I o
18. ﬂm%mwwwmmmﬂmﬂ._mnu .ooa ! . T $re o o fadmasi ed
19, et et e o] ST P SR A D S ots)
20. EeTdl e &1 IAE B T 7 FaTE TR GRT wAssd | . il o S| R i ST T
21. Prg-arq vd frg-e1g &7 ot gt (Alloying elements) @t afksmar &fsel (20 42, WG TH] 3 SR T BI PIE F & AR T (2016)
22. gerdl el febert W 1 8l 8?2 3 10T B 3w ferfad | 7w fefae| o bl ..
23, Pt w siftrer foft fofa- 43. 1 wE¥er ¥ e e 27 AT 9 & T € e ﬂ_. (2016)
() Ffow smm (iii) T8 ¥iet (Spring Steel) :
(i) P 3w (iv) T (Satellite) : — e T W, o s i i
24. T & e 35 TER W 2ara a1 aleemoT ifere _ i N RrfI-90 o1 oa Haes B § 9 R E ;
: : y G ' : ¥ ) S ()
25.. R SO &5 e e e 5 s 1o v S o i foorh Ry (2013, 09 @ fhg o de (o) HTF )
26. $XUT P10 (Classification) 3w (2011, 2. Mt g o il o feverr e €l 8- & @ A
27. 75 5% (Mild steel) & 3w ayy /L1 B 1.2-1.4% (b) 0.12-0.14% (c) 12-14%
28, TIREA $I 9 % 3990 @ avf iy ot g, E%ﬂﬂﬁm&ﬂ&u%n@ﬂﬂﬂ%%ﬁ 07% (d) 0.1-0.3%
29. fom 3maR= (Pig anﬂﬂﬂﬂ%wﬁmﬂ_ (2007) (@) 0.7-1.25% (b) 1.25-1.5% & 05
30. U7 3R % v Sy (2008! 4. E@q&mﬁam@@m%%aﬂ%w. © 0.32.0.36% (@) 32-36%
3L Eﬁ%ﬁi%%wﬁﬁdﬂﬁﬂﬁﬂﬁ%_ _ (2012, _ (@) 0.35-045%  (b) 8.2-3.6% <
32. mm%%w%.@ﬁaa_mam%vm.%%ﬁm&ﬂ?@mﬁmmw (2010 ..




qﬂil-l!lll:

g8 | geffrafn v T el

5. e st g # et 701 B S &
@ g O dwgE - .
6. %wﬂwﬁﬁm.mmnu&@mﬂaﬂ
(a) TR (b) Tl .
% %@a@mmﬂ@ﬁ%u@ﬁq@ﬂ& -
(a) 11.5% (b) 1.5%
8. T Riiere &1 RN A € 8-
(a) Fe,C (b) FeC
9. TWE P U gl &~ u
(@) 78gem®  (b) 0.78 glem
10. mﬂ_mﬂuﬂ_ﬂw_ﬂﬁ%mamqﬂmﬂw.

(c) |
(c) T
() 1.15%
@.m_mmo

(¢) 0.078 g/em®

(@) O EE  (b) ﬁﬁ@w (c) FHE el
311 ¥ o oW TerTTD B 8- ,
:.Mw%gﬁﬁi% elwmﬁm@.m._
(c) R 7@ e (@) fedfier zol @
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(a) siife 1T (Physical Properties)

i) T8 qf e b1 &
%M%ﬁwgﬂm%ﬂ@-ﬁm 9.7 BN B

(iii) T9H T AT (Melting temperature) 650°C T &l
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T chanical Properties) ,
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ot A 21 |
(c) Tt TOT (Blectrical Properties)
(i) 7% forege 91 qEre B 2
(if) T THT (Magnetic) 0T e 2 21
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5. TWE-YHERT (Food Processing) J&IT &,
6. WY, wﬂqaa_gmmr ll, T o F oy & &
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(i) |V (Concentration)—RF & s 3
TSI (Flotatien) fafir gr7 fife wmy £

(i) SIUT (Roasting)—SIR ¥ Wfzq 3y 3 e WEH (Sulphur) F1 9ET 51 59 54T
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IS, 3 3 SR-81 Twel § TEw
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o B SEE % SO A Al g s e i—
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(vi) SE-FIE (Die-casting) Lo VETE- 3R
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(iii) #1973 (Malachite)—CuCO 4.Cu (OH),
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Uy s 18—
(ii) ﬂ_._d.sﬁwowmnsmuf-m.m@ i : W\‘_m - : .m@ﬁ@@.gmﬂaw_
THEE, B 3 mﬁhﬁﬁ%%ﬁéﬂﬂ%iw L s eSS, T 86

&l | © 2. YeEEe 91 o FEie—PbCO;s




a8 | g=hfrafen v @@ T
5. e a1 @8 TR —PbS04
%Emng@wﬁ@mm.maegﬂ@wﬁma_w.

= H.%wﬂﬁﬁwﬂﬁs, 5. fiet e fafies (BLL) fa!
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¥R & U1 (Properties of Lead)
% vy i, A o g o e E—
(i) ¥ifeR T (Physical Properties)—

() ¥ W € A (Very soft) 3R 91 91 21 f

(9) THFH THE (Melting point) 327.4°C 21
(§) 399 TEF T (Specific Gravity) 11.35 811 31
2) TR S (Poisonous) B 21 .
(i) Tifa e faegdia 0 (Mechanical and Electrical Properties)
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2. 39 W AIERYT 1 959 $9 Y9E Tl B
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4. 98 Fo UE fod %1 9N o 9 B

5. @ el 9Tq (Precious Metal) 2

6. S9F T (Ductility) T8 STETGEEHIAl (Malleability) 551 381 Tl 21
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1. SHSH ST ST (Jewellery) Td HellHe % WA T A,
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(&) IO (Duralumin)—F¢ T& ¥ § Al—Cu # v

8%%%%%@”@ — 93-94%
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e (Mg) —0i%
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(Base) T dal 411 &1 $6% T e 7 &— .

. e A — 9-11%

e (Cu) — 85-90%
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omperession strength) 172 kN/m? 81 98 1mx 0.5 m % 91¢ & &9 ¥, 50 mm & 200 mm ™
T % T H T 3 o F Aol wd AR ¥ suee & i
ﬁ&al.ﬂ%ﬁﬁaw_ﬂﬁmwam@awﬁ
L. 3 R, e, fomme i anf &)

2. 3 B (Roofs) T S kol
. 1 & FRTH
3. 5O Eaﬁ.@ﬂmsnmu Y TR % &Y ) ? it

g.ﬁﬁmuﬁmﬂamaamws&ﬁw:; Fafas w2id | 147
‘\.ﬂ- —

5, &L (Computer) ¥4 1 EA-HT (g

o (Properties)
1. 78 Y¥Ter (Fibrous) Bl 21
o, THH gme (Strength) 3= B El
3, 7% T W e 1 e 2 2
4, 39 T I, u&%%ﬁﬂﬁﬂiﬂaw
m.ﬂmﬁﬁq&&ﬁ%ﬁOmEm:c_ua.ﬂJ%W.mﬁﬁﬂﬂw.@mﬂuaob&ma@E»
3uanT (Applications) °
1. MNW‘M (Furnaces), 3/9ad (Boilers) 3T TR0 TSR M F w ¥ 3@ &5
|
9. FETHEEH (Automobile) ¥ 3% WEHT (Brake linings) ¥ w1 #1
3. T T F T F e e T T e S S § 9ed § S 9w |
T =Y 1 39AN UM wE e A & e @
4, TE=H ¥ 398 (Fireproof) ¥ 1T S &, i1 2A-I0H (Fire-fighting) 5 FH 4
I 2 .
5. 7% faeet 7o & w9 ¥ I -2

B 5.19 fareRielt uaef (Electrical Insulating Materials)

3 g o9 foea 9 & TR (Flow of Electric Current) T & &, fergate 1@d TEed
& S@—za1, 940 (Glass), Fh, UeidiA 3

3w faed % A o & Wﬂd@&%ﬂ%ﬂ%ﬂﬂmﬁﬁﬁﬁﬁao&mwévmw
e (Conductors) B JaIfed Hl T 3% % (Leak) ¥ 2 Mmﬂ.._% fogmEs T,
TF F 3G Y FEOT (Surroundings) g 3l (Isolate) T FI 8

wﬂwﬁﬂsﬂmﬁﬂawﬂm%&ﬂ&ﬁ@a%ﬂﬁw

1. RS (Resistivity)— el W %mm_mw &t 3 3E Ma el &1 T
mﬁ&ﬁ&ﬂ%mﬂr mﬁm@ﬁﬁmﬂv&mﬂma ﬁﬂﬁmﬂz&mﬂﬂa%_
2. Wi wmed (Dielectric Strength)— ] e # AM.MMME u.mm.map%uﬁm.aw
iﬁ%&ﬁﬁ@ﬁﬂﬁ%%&ﬁ&m&%@w%nﬁi il
35 gy oy ) o %ﬂﬂ&%ﬂmﬁz%mﬁw%

B0 31 e o 1 e e i o 3 T



e 3 e T T, Sl G gy,
m.m&nﬂgmuaa?%m% e, fEd HMM_MMMM Mu . Mﬁw
T o F wﬂmm . ﬂ&mﬂﬁﬂoé}mwsu@ amage) 4@@3
ﬁmﬁ.mmw& ?oum&mmv\m\mmm_& e B (Working) _

emical
A.%ﬁhouwﬁ%.m%%ﬁ&%%ﬂ%fmmmg _

o - gn%%i%&mﬁ&ﬂgﬂgﬁﬁw_ﬁ
%ﬂﬂqﬁ%ﬂwﬁ_ ?%m&oalﬂ.mm@% geid # gaa T e, Ty T
ﬁgmn%mﬁﬁaaﬁaw%.%%aoaﬁsz%ﬁm@dawwd :
”M::.& Dzmﬂﬂ“”m Good MM_“E@&; Insulating Material)
o7 el vt A Frefefad o1 8 el —
1. i 7= foeg el SR e
o ¢ 371 o1 F1 T e AfeC
3. 79 T weE 3= g Afe .
4, o7 it W T8 wer 3= gl e
5. 58 TR A R SR & IR
6. 58 T (Moisture) T4l (Resistant) B =R

m.mm&mw qeril 31 FifdRul (Classification of Electrical Insulating Materials)
feregatet el &1 T o ¥ afler T R—
1. 39 feepell w2 (Solid Electrical Insulating Materials),
2. 5919 fagaUdt W (Liquid Electrical Insulating Materials),Td
3. T Eﬁ@& Y (Gaseous Electrical Insulating Materials) |

1. 319 fererieRt werd (Solid Electrical Insulating Materials)—3 3 1F% AT I~

01 ¥ T A 1 (Mica), THRH, F, WIS, N (Glass), 9 fegt afe o €
aﬂwﬂﬂﬁgﬁﬂlwéﬁﬁ%%_ $R—, TR weeEE,
I .

3% fogedd wd—R— % Dy A, TR rEEES (Sulphs
Hexafluoride), 31fF7 ¥, wRamm aft) ]
s fergeteh vl v 37 o e 3
(Important Electrical Insulating Materials ‘

T T, e Fmfifigg T~
L 96 fRS (Ol
" ﬁw%ﬂﬁg Clay), 2. 981 (Leather),
i Mwﬂ_qm.n.. nwww.mmvm.b Paper), 4. TR, g (Empire Cloth)
s elite), R i .
. X (Bibre), M mﬂmﬁmj_mm (Ebonite),
. (Mica),

Their Properties and Uses)

AHGMI.I.

() 4 A (Moisture resistant) B § b
(ii) 3 ¥ (Brittle) T FIR (Hara) o &, m
(ji1) T T 3T T &R I T ey . b
(iv) P faega T I ERIGED (Insulator) B = ) T,.”

%lﬁ?&%@%ﬁﬂﬁwﬂmﬁa@am_ . ,).

(i) BT T (Grips), i
(ii) ZFATH SIS & STl m
(iii) WfGetH faa, w
(iv) Tei =2ffe, e

w
9, =gl (Leather)—fH dlwds W =gy | T M
(Welder) 31T IEELE FMEHUBQ.E 1 farsredt wﬁdﬁ%ﬂﬂwﬁ_ﬂwﬂ ﬂﬁﬁ%ﬂ%ﬁﬁ MMHWW%MMM .,.
w_%wgﬂﬂm%ﬂaﬂ:mﬁww FfF @R, T F e e 3 R e o S
FNEEF T HSEd S 2
3. ¥ TS (Prespan Paper)—78 foRadt T § 71 331 79 8 2, Sl ford 1 geies
2 21 39 O F G gHed 3 Bl 2l Tg 27 (Tape) F &Y ¥ I T (Conductors) TLT S
21 50 TE T Feaed (JIe) F ST At 1 a=fE T et 3 ar=fET (Windings) ¥ i < 21
4. TURR 92T (Empire Cloth)—d3 feais affie & a1 g1 9 Fvst & 81 76 6 <9
ﬁmvaﬂﬂﬁmﬂmﬂagm;ngé ﬂﬂwﬁﬂ@@ﬁ%@ﬂ%?ﬁwﬁﬁ@%%m&%
v 91 31 g T T ek @ S W =R (Windings) F A o @ @)
5. FHEIEE (Bakelite) % e FEFEAEE (Phenol-formaldehyde) F1 T8 (Polymer) 2!
- | ; .
(i) T8 FIR @I 2 :
(ii) 77 o o 1 g 2!
S s oo 7 %, fre e T
6. THIE (Eponite)_7¢ T 9 1 T R (Product) #1 ¥ W 165 % 70
Amﬂgzﬂv Fﬂ:ﬂ.ﬁ ﬁwﬂﬁ?ﬂ eI AR fopar Il 2l
m—
() T T e o A
(i0) 7% spioy st off &2 B
i) 75 e e (3, i AR 5 A



[T M\\\“\\.ﬂauﬂiw%w;a_w_

ﬁ%amﬁmwvwﬁamaﬂ%m_

—

E_«%am:_.ﬂammﬁm

IqT— gﬂm%ﬁn&ﬁ%%ﬂﬁ%&.ﬁ%ﬁ%#%@w_
Aﬁiﬁﬁ@ﬁﬁﬂﬂﬁmégﬁgﬁ
7 %aﬂﬂnacév\%ﬁa T,

< great (Fibre) T o §1 3 T s T Ffid (Synthetic) S ¥ 3 &
H_ﬁwﬁﬁaﬁﬁﬁT

. ¢

(i) 3 9g T (Flexible) T wﬂﬁu grged & #d &
:..Lmﬁﬂmwwﬁam%m_ -
(if) 59 T T (Moisture) 1 T4 EEREURE

(ii) A el F9S] %%ﬁﬁ,ﬂm #
(iif) TEEY FEIEH I (Sheets) F mﬂ?,f .,
Eaaamﬁwﬁﬁﬂ%aaﬁdﬁﬁg@ﬂﬂm_ o
(v) S (Generally) WEad 1 ST FIEI, T, T2 %_m T A
6. 375 1 A (Mica)—3 S &9 & Wl T4 A1t @ v &1 9% I
41 81, &4 9% (Ruby Mica) 3 2. 74 319% (Amber Mica) | T F9¢i-99¢ U (Flakes) 3
w1 3 freren #1 9% Greferd, AR d fafee &1 9T 2 81
a_“: 2 eI (Highly) JMRAETE (Malleable) 21 €1
(ii) 78 357 T el foRgee v R
(iif) T 37T 600°C T 3 W AF 800°C TF T (Stable) T €
(iv) 791 3PF T (Specific-Gravity) 2.6-3.2 % a9 # &l 81
IrrT—31E F1 I faf= w9 2 81 S— : ,
. sﬂﬂﬁ\mﬁugm Sl 4 ‘ﬂ_ﬂgﬂm&wﬂmr MﬂﬂE (Sleeves), 239 (Tubes) qRs
2. T 29 (Mica Tape) 1 ST WX & SR, F@Me (Coil) 3 ¥ 11 81
3. ﬂamﬂmﬂamﬁﬂ (Glass Bonded Mica) &I 3947 Oiese =g qiFe, el e (Relay
m,umammmv.,mﬂmﬁ,ﬂ afe & 2 &)
9. d%ﬁm“w“ﬂﬁw Ma e aFnﬁzm Iron), R (Toaster) 2mfg # &rar 2l 48
ood Wool)—7g w15l &t faé (Sawing) T ST (Planing) 3
To— .
(i) T8 TeH T erlien 2 3
(i) T2 9T B 3
() T 71 o e 4

o T I T F A g i st v | 151
.%wa%m%:mvwaﬂﬁﬂﬁﬁ?@swﬂ@a@ PO o & e
™ _ S % WY i
%m_ﬁﬂ.ﬂmﬂ - ﬂmﬁmﬁﬁﬂdﬂaeﬁwg 3 99 e arfen e 4
[ ; ,

- (i) 38 TN U9 {9 A Fem e g
(i) T8 200°C T H Fa R
(i) T T I (Moisture) Tg A (Chemicals
Gv) 98 & (Sound) F i /Eiym B 2
STET— _

1. 35 STAM TR SR, SR afE
w7 § A 2

) F T T yea 3

% mﬂ.«wu g o m%#m_mﬂ (Fire Retardant) %

9. % ] ST ﬁ%lwwwu_ (Ovens), 9RT-HI, wﬁﬁ..ﬂﬂ%ﬁﬁ&a@ﬂwﬁ
3. %8 T 31 § & 2V (Tape), FLW (Cords), T (Fabrics), ekt & . e

(Cables), H¥, S, TRIGHR, WX T 371 Tt Smt 5 "
wY ¥ IYENT B 2 =1 SO ¥ R o7l

4. T T % T T (Blankets) 1 W5, SR (Boilers), 35 30 T 5 3 e
F w7 § 3@ Bl 21 :

11, T (Rubber)—T5 T Tg¥T% (Polymer) ¥, S A1 A% T ol v & 4731 & =1
e 7 Wi ST Gl 8 31 S8 & I (Force) T I 8 TR F o1 q0eft v # a1 o wevel
31 78 € TFRE H T —TH0F @S T FoH W

Tt @8 (Natural Rubber)—%8 g & T § Wd 99 ¥ 441 a1 21 39 o %
(Plantation Rubber) Tt Fed um,:

THiae @S & TUT (Properties of Natural Rubber)

1. §=1 T FE (Tough) 3K TR (Elastic) 31 &l 1 TP T W 4 e
(Soft) 3 ferafanT (Sticky) & S 21

2. MHAE W, @ﬂﬂgﬁ&w&maﬁ;@ﬂ@w%%ﬂwﬂ%&mﬂ
TEEgT § 9 o7 S 2

3. a@a&ﬁmfooo@%oow%%ﬂﬂ&ﬁﬁaﬁﬁ@y%ﬁ%ﬂﬁ
el B W § T T I :

p.u@aﬂﬁwmﬂuﬂﬁﬁ%%ﬁ%ﬂ@a@

m.ﬁmm.&ﬂzcwmﬁ:wmvﬁﬂm&%wﬂ _. . | | |
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i bile) FET ¥ TR
|%ﬁmﬁm%m§ﬂ@%$§§ R
i ﬁ%&%ﬂw%vﬁ%mﬂwﬁﬁogﬂmm; Mﬂ_ﬂ et wﬁﬂ%@ﬁ@ﬂ@. =
L sﬁm. <] R o T i F o (Vibration Damper) F &1 ¥ 91 3 1 4,
ﬁw_ﬂ @8 (Synthetic Rubber)—%¢ F &1 { wEelrET %MM%EMW;WME ¥ T -
%) $3—SBR (Feeat eTeRd W), Fed W (LLR.), &g W8, T s, e w

i g, W WS A

EOELRTH] % T (Properties of Synthetic Rubber)—F ©F % o i e Eﬂ:%— T I

TH T— : .
™ L. SRRl (Elasticiy)— @ & yredr &l 17 &1 81 $9 01 I e (Flexibility)
. &ﬂmﬁw_ﬁﬁwmﬂsﬁﬁwamﬁwwmﬂ%%ﬁﬁgﬁﬂ
(Original State) ¥ aI99 31 STl 2 .- |
2. Sei-3alEad (Water wmum:mbnmv.lm«md W 9 T I YT T8 T 3 Ay
Tgif S TR TE Tl 8 o
3. fae@ 39S (Electrical Resistance)—4¢ fomga =1 Fe Bl 2, T &
foed & a0 % SR FEAS (Insulator) F w9 ¥ 2 2
4. gdur 4fARIY (Resistance to Abrasion)—3TU&TEd $98 THT % ﬂ;m SR WY B 8
<afefT S YA 841-2gE] TR (Tyre) T Sl & W (qe@) FH & Bl €1
5. 3 -70°C ¥ 250°C 7 % AYAH TRER ¥ IF TARGA F TAT Tl 2|
IE— . .
1. A (Fluorine) W e 1 21%21 FHIeTS eIl 21 SHH TYAN TUWH (Aerospace)
Far 21
2. faed o/ (Insulator) & &9 § 7 4R (Wires) Ud Fad W =grEl < 2
3. T95 T (Seals), THH (Gloves), T (Eraser), Tl % 2P (Tyres) A1 &1T 3 €1
4. T W &% o I W 2
5. ¥ FE (Mountings) T8 F¥1= $PR (Vibration damper) 1T 31 21
12. 51 (Relt)—7% 37 (Wool), 911 (Hair) TH 374 Y9l %1 € (Pressure), 51 (Heat) T
o ﬂﬁaﬁﬁ%@%ﬂ (Neaded) Tl (Fabric) 411 #1 7% 9gq swdil #9e1 3, 1 FF¥F7
T (Properties)

L 3 4 71 T $fFEF (Flame-n X il
-retardant), 3= '
(Chemicals) %1 ¥ T ey 2 S A g 2

2. R e 5t v e (s 3 ,
. oft) T Tgd SR (Hard) fireft &
8. T8 I (Wearing) T «f gy ard) {31 4 g F1 e o GhAI e

ﬁmﬁm_mm. ¥ a - % i it
(Polishing) 3 373 & 2y 3, T 1 T 2, o apor e S A
4 R A, I W T (Viprg

5. T 5 (Porous) &1 3, firry
o 3 4 4

tion) @mﬁ (Insulator) mu_.& w,_
O 61 IR T (Sticks) § w9 & Seet (Lubricatio?

(i) fe 83T (Woven) Jwgy,
(i) @ fAFR T (Pressed Es.as T,
(iii) FAT T,
FqErT— .
Ewwmnﬁwﬂwﬂdwgﬂﬁm_ T o e
(it) ﬁﬂ-ﬂﬂ.ﬂ THRI H 3@ freer ‘Achﬂm_.mv kﬂw?ﬁﬂw.m.nﬂd ma,ﬂm*mﬂ_w_
(Wipers) 3Ife ¥ 3 8 : Wicks), T2 (Gaskets),
(iii) T TS H IFAT AT (Bearing) % ¥ (Seal), et e s 5 o
() T ST T A gy
(v) 91 ST ST T e  fe o o
13. .Wﬂm.m_.mw e, 1o ._Hm.. wwdﬂ I= (Electrical Insulatin,
(30 @ﬂmﬂnﬂ ;wm— (Electrical Insulating Qil)—g T 3w (Hydrocarbon oil)
M_M MQ@M Wﬁgﬂ% SR mﬁﬂ_ T _Ewmd_m (Dielectric constant)
, ST, d@dwﬂﬂﬂw%w_ﬁﬂﬂmgﬁ

-

Feie (Coolant) IHET F FH & 21
(a) ferggriedt AT (Electrical Insulating Varnish)—afiRT i o st s 5hm
(Synthetic) IgeH (Polymers) FI ft firemas & firemt § axa #1
e At A R AR -
w3 T T T S R A e
= % FAAT (Corona) N T F1 S (Heat resistant) 91 2 21
w T uIqall & 99 9% (Bonding) 31 € 311 2l &
STERT—
> ST I fera 3 w9 A, S (Coil) R ZRERR & ARFET ® A
# 3T 21 59 T T S (Spray) el 5w R X - .
> fed YT 1 4 (Dirt), T (Moisture) 3z § T § T TS W T
B A A A e i e
(=) .E.ﬂm.@mm U= (Electrical Insulating Paint)—dI1e1 ¥ {5 (Zinc) ﬂm.mm.dmﬂ_ e
Sier i o 1 T T, O, 9 (Acids) SR T T 0 31 T o
3TEYF (Insulator) BT 21 ﬁﬂm%@ﬂm%%wﬂw@ﬂ%&bc 7 5 .
i o s &1
9.20 E.mﬂ wiRieh getef :cal Resistance Materials) .
(Electrical He ; 3 :
73 g ¥ PR Rdusar (Resistivity) 359 811 8l ﬁﬂ&ﬁmﬁm%%amaﬁ

(eay (
m%_ﬂ_m Element) & wv ¥ gl 21

L ¥} sfiriaear (Resistivity) 399 2t 21

g Oil, Varnish and Enamel Paint)



. 2 2!
i ting Point) 39
2. F T O ctility) 1 39 4 &

3, gt @ v 7 (Duetil
Eﬂmnm_gaﬂ&._wﬂ T - 5 fg-9 B :
m_M—u T Aooﬁugngvlﬁmﬂﬂmﬁ_vmﬂﬂwa& 1 il %Amﬁzmﬁ

55% Cu Bl &I

m.ﬂmmﬁ%ﬂ&i%ﬁg%g@ .
B (Rheostat), of&Td (Thermocouple), BIfET Wefiliz R
[ fepar I €
: EME AT (Nichrome)—7 Fifel (i), 1T (Cr) ¥ (Tron) 1 fA55-41 31 g9 5
" Cr T 24% Fe (qE0) B 21
.—,Hﬂﬂlll
1. 98 3= 19 98 T &I
9. 3GF! FfgEa 3= ol 81
3. 79 W SR 78 A 2
-
1. 390 = I[N @ mmwwu (Heating Element) m_u_._.w ¥ g m_
2. THH 39N gAY (Thermocouple) A ¥ < B 2
(iii) TR (Tungsten)—3% 3= TeHIF T3 YRR a1l 91 §1 S9%T el 3410°C &4
%1 &1 IFM 9o (Bulbs) % fFeMe (Filament) a9 ¥ 2T 21 :
(v) W (Manganin)—3e a1, FFs ©F fifdet @1 frg-urg 81 38H 80-86% I (CU
10-15% HTHI¥ (Mn) T 3-5% Ffiet (Ni) B &1 2] o1 1000°C Hr 31 36 3
W< (Shunt) T§ St 319 (Resistance Box) a1 & 21T &1

W 5.21 o5 w=f (Fuse Materials)

Taw €, 9 . , )
m_&wﬁa@aﬁaﬁnﬁwmmghﬁﬂmvwﬂw%ﬁwﬂﬂﬂﬁ%ﬁmvmﬂ@dﬂwﬁﬁmmam_.,_

feesfed (Break) REEG8] SR g =57 g7 framt mmuaﬁmem@
m@mﬂm_ﬁﬁﬁmfﬂzﬁﬁmﬁﬂ%i%ﬂﬂ5_&w&% :

H.ﬂﬁaﬂaﬁ@amﬁe
M.Mﬂ@ﬁa@a&sﬁ ¥ A T
; ﬁgﬁﬁgﬂmﬂﬁﬁﬂiﬂﬂﬁ_

. Zo1-aresdl (Thermal Oounsnsﬁg
5, g8 3% T (Ductility) 3 e
@) e T wed (Important Fuse Materials)—

mﬂm%ﬁ@ﬁ

Aﬂvﬂm,_a:vll,m.mﬁdm._ﬂy Homwoomém_mﬁﬁﬁﬁg .
 39dr # 3 S 6 A A (Tinned) 3 3 ﬁﬂaiﬁwzﬂﬂﬂ
(2) AEgMITaT (A)—SHH TEHS 659°C & & ; .
lApaua S e L
(3) T (Tin)—F9F TeF 232°C BN 81 T2 oA (Soft) o1 &1 72 v 9 3 g 3
ﬁmmﬁﬁw%%ﬂ@ﬂ&@%ﬁm%mﬁaﬁ ek
qﬁnﬂ&wﬁ% .
1, T, o wE gue e-HI W ST & 99 AT 9 - ¥ v e Y
I9g # 2 21 ‘
0. Tegfifad % W Hifedq oIS & faad oftuy ¥ S R S R
3. 3 @IS A faed ugdl ¥ dier e v & ®9 § v R 9 e

B 5.22 FEATR (Hardwares)

it F S ¥ e agel F ST A 21 39 T 1 9 % IR 36 ¥
b o T @ 3R F5 ST WS (Standard) W ¥ I ¥ S A [ AT A 9
T 31 B e AR @ Wiea Y e & aw ¥ SwE A ¥, S a8
Qﬁﬁzwiwﬁ%ﬂﬁzw%%ﬁéﬂﬂwﬂﬁwﬁﬁﬁwgnﬁm
T, W % for Sed EEA, s-For 3 fer wee, R & S S

ki o & FEIWR (Main Types of Hardwares)
T s % e wif Ao wOI—
L. (Pipes), 9. FI&t (Sheets),
3. WY T (Pipe Fittings), 4. 47 T 9 (Wire nails and Screws),

5. ™ % fis a1 Fe (Door Hings), 6. 2 3iee (Toggle Bolts),
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156 | FATACT . %Wﬂ@ﬂ@ﬁﬁ&m%mﬂwﬂﬂﬁéﬂgw m@%w_ﬁﬁmﬂmﬁamﬁi&mﬂawﬁdim, )
ﬁ%ﬂ%wﬁﬁﬂ&%ﬁmm%ﬁﬁaﬂ%ﬂﬂﬁmﬁowm_ﬁ_mﬁ%%;ﬂ A o ST T R A wmm T
%ﬂ&ﬁ%%wwﬁ@wﬁm gﬁﬂﬂ:&ﬂ%ﬂj%ﬂ%@ﬂ%gﬂ; ﬁ\mw mﬂwqﬁnaovcmaﬂc&lﬂﬂm‘ﬂ?mﬂﬂi Ll
uuﬂmmwmﬁﬂm&“, - ! .W@mﬂm&ﬂm:zgm:gw_ﬂ ﬂz 4. . nin i g Tref ..ﬁﬁﬂﬂﬂﬂé%g
(5 & e st 0 = o T 3 T (air conditioning) T ST A SMvamarsi  fry gy e &) oo
(Transfer) e VW%ﬂﬂ-ﬁaﬁ&mwﬂﬂmﬁm@:@m aﬂaﬁuﬂAmﬁm:aﬁm %‘%m_wmmﬂﬂwm:ﬂﬂﬁmO?V%&w_mﬂm_ ‘muﬂa_m&mmmg
MMMM%MM@%SM : | %&gmv g1 SIS T S €13 T A g (Flare connection) 1 Srezfin
(solder™ o ¥tz FHE T (R.C.C. Pine)—3 <
: - ifications of Pipes) 5 R.C.C. WrEgd 9§ Ty ( %.Q.ﬁ%&lﬁdﬁﬂﬁ%@mm 3 i v 5
e e gl o 0 = e ST T L ST 8 54 10 v et 110y
" ] 31 T G, O, g M, T, L o 8 G A T el 1 S Wl 41 A Y o e 9w w6

: : . 4 150 firdt & a1l = & frepy & . 400 firfl 9 A =9 & T A ¥ T FEa 7y > -
aﬂ_&lﬁéﬂm_mﬁmﬁﬂmyﬂ H| 3 geArad oot B e 1 (Life) Y% B 21 T
w.amwﬁwwa%%%nﬁmmm: i i 5 6 eI S .‘ﬁaﬁ\aﬂma_ﬂmaﬂmﬁsﬁqﬂa@ J

4, 7 (Length)| e
5. e TR (8 e, g ) 200009 N

- Ul & WK (Types of Pipes) .
Forg T & R S 8, 39 % W § TS S S @1 S 9 T (M.S) ¥ i

9 M.S. TeT 3% w89 §1 ey W § UEY FrH TER F A i—

1. C.L. W39 71 @efal ¥ % ST (Cast Iron or C.L Pipe)—3 @l &R aTE I & 1§73 30
£ €4 (Low Pressure) 9V, IR, e, Siast G Fiamel, TR U1 &1 ¥, ofE & 9418 & fou
ST &1 3 15 § 150 firdt 7% =9 7 3 ¥ 4 Fet F o S4TI9 €1 3 G&IROT (Corrosion) ¥ 4§
few, e ST U ST 9ae W 91 HiemR F 69 G S 2

() T E

) (31) Tafe= =ma =t urgy

werl @lie ¥ SR (Brittleness) F1 0T 311 81 3: F §e (Shocks) F 6 e WA €1
g T A ‘ . fora 5.23. g % WK (Types of Pipes)

7% VSRV (Storage) # $H 9 %1 A T TR 5 3 A9y F 7 2H0d U o W A0 @ 3 e
T IE T 731 6. Todto urgy a1 ._Hmw.ﬂ.m ¥z urga (A.C. Pipe or Asbestos Cement Pipe)—4
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Notes :

(i) Attempt all questions. Attempt any two parts of each .
ch question.

(ii) Students are advised to specially check the Numerical Data of ti
. g . . o :
both versions. If there is any difference in Hindi translation of M““m@ou Mﬂﬂmﬂ%
uestion, the

students should answer the question accord;
) : rding to the English
(i1i) Use of Pager and Mobile Phone by the students is not “Eoﬁmm;cmnm
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