Fabrication
awe¥ (Welder) - 7w arg st afesw

v e 2.2.82 & 2.2.83 | wwitta Rr=Eia

@R v o fifdn s (Preheating and post heating treatment)

IR : T IS F o § o Ffafed ww aw g e
+ AfRW * fie SR F AET TATQ

o AT A fiT SR A AT AT GHATY F@qTY

o AT 1 I FaAT@

o g T A I Fard |

&1e ITET F1 3o et [t (Different methods of heat
treatment)

e I F At ahs goer fifefar awarer fifefen dwe
fifefar

WERT 3w Sa*r I2W (Preheating and its purpose) :
EET e STt IR FEIET #71 Aaa & U e & WA
FIAT A€ & TBA A I@ A a9 U {A{T9a 71T I AT A
T 1 AR ot 2 ¥ fe@man smar 21

et 1

faftrer engent & difefem
AT aAE fi afemm °C
et s (T1@) 16° & | TH FHIAT
et s (FTeE) 90° - 200°
FTIXT AT FUL AT 200° stferswaw
farforatr aer 90°
forer CIG 200°-260°
AT 3= CIGH 260°-370°
BIERIT ST 150°-200°

Higte afew & a1g 321 8 T 3¢ & FH FAT ¢ | 78 I 97g
# @ffaa, F3T el § ged & qad & fou sawasar 21
IS AT F9 IR Ale 9iqy 99 F afar fiaw ggfates
arfe &1 famr fRfén & Fwwr gar & =iv daw vgfates
FeAT ATET WEAH Y Io HE ©ied 8 AT argeit # e
FY STTETIFRATAT ST & FNF T FRY B & | 3e ar Fgfa &
o & oy 37 avEiat & 98 T AT S © | S At
# foroe &t 3¢ (I9F) A & i AT F A 'S & WH
FAT WY T avEF T

e, F=AT AT AAE G1get & A ISt & daroeHs a &
forw gaaw frefefer aramm s@ w iR #=ar & (Fig 1)
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Fig 2
ENSURE EVEN HEATING

TEMPERATURE
SENSITIVE CRAYON
MARKS

PREHEAT PLATES TO 200°C USING
TORCH OR FURNACE AND USE OF CRAYONS
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IR o AR AT s Fraa @ &, qa 3a fitfin w4
FeAT =rfe | (Fig 3)
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A - SUPPORTING BRICKS, W - WELDED JOB, L - AIR VENTS

L

TEMPORARY BRICK FURNACE FOR REPAIR WORK

afe 7 ster e ffefdn g e & forg @y e s
2| 38 e frfRfdr w=a 21 (Fig 4)
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Fig4
9 IF THE FRACTURE IN THE WHEEL AT "A" IS TO BE
REPAIRED, THE PREHEATING FLAMES SHOULD BE
APPLIED AT "B" TO AVOID CRACKING.

CRACKA

TECHNIQUE OF LOCAL PREHEATING

WL250314

Tt {2 (Post heating) : e e &t aders & stfer it afeer
% 18 g TH fobam Strar & | forg wmeer e % ame aw § #er
AT R g T & oY © | 308 e At sfafere aama & o
Ted faedt & foed 7@ afeeT e iR Foik e awar 2|

qiee ffew & arg fv weqet W e #=a ®
- Rfér#tax

— qmEe o a¥ 9w & T e S @
— W ¥ gifeeT argw

—  Ffaa @ 3

T T rere 1 qiee fRfaar o fraer A1 Saeht e ATt 3 7iers
7Y fasix &war 21 (Fig 5)
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TABLE 2

Preheating temperatures for plain and alloy steels

Approximate composition Recommended
(percentage) preheating
temperature
% Carbon °C °F

PLAIN CARBON STEELS C
Plain carbon Below 0.20 Up to 95 Up to 200
Plain carbon 0.20t0 0.30 95 to 150 200to 300
Plain carbon 0.30t0 0.45 150 to 280 300 to 500
Plain carbon 0.451t00.80 260to 425 500 to 800
CARBONMOLYBDENUM C Mo
STEELS
Carbonmolybdenum 0.10t0 0 .20 0.50 150 to 260 300 to 500
Carbonmolybdenum 0.20t0 0.30 0.50 200to 315 400 to 600
Carbonmolybdenum 0.30t0 0.35 0.50 260to 425 500 to 800
MANGANESE STEELS C Mn Si
Silicon structural 0.35 0.80 0.25 150 to 260 300 to 500
Medium manganese 0.20t00.25 | 1.0t01.75 150 to 260 300 to 500
SAE T 1330 0.30 1.75 200to 425 400 to 600
SAE T 1340 0.40 1.75 260to 425 500 to 600
SAE T 1350 0.50 1.75 31510480 600 to 900
12% Manganese 1.25 12.0 Usually not Usually not

required required
NICKEL STEELS C Ni
SAE 2015 0.10t0 0.20 0.50 Up to 150 Up to 300
SAE 2115 0.10t0 0.20 1.50 95 to 150 200to 300
2"% Nickel 0.10t0 0.20 2.50 95 to 200 200t0 400
SAE 2315 0.15 3.50 95 to 260 200 to 500
SAE 2320 0.20 3.50 95 to 260 200 to 500
SAE 2330 0.30 3.50 150t0 315 300 to 600
0SAW 2340 0.40 3.50 200t0 370 400to 700
LOW CHROME
MOLYBDENUMSTEELS C Cr Mo °C °F
2% Cr.”% Mo Upto .15 2.0 0.5 200to 315 400 to 600
2% Cr. "% Mo 0.15t00.25 2.0 0.5 260to0 425 500 to 800
2% Cr. 1% Mo Upto0.15 2.0 1.0 260to 370 500to 700
2% Cr. 1% Mo 0.15t00.25 2.0 1.0 315t0425 600 to 800
MEDIUM CHROME
MOLYBDENUM STEELS C Cr Mo
5% Cr. ”% Mo Upto0.15 5.0 0.5 260to 425 500 to 800
5% Cr. "% Mo 0.15t00.25 5.0 0.5 31510480 600 to 900
8% Cr. 1% Mo 0.15 Max. 8.0 1.0 31510480 600 to 900
PLAINHIGH
CHROMIUMSTEELS C Cr
1210 14% Cr TYPE 410 0.10 13.0 150 to 260 300 to 500
16t0 18% Cr TYPE 430 0.10 17.0 150 to 260 300 to 500
2310 30% Cr TYPE 446 0.10 26.0 150 to 260 300 to 500
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Y €T ITER Y T dee die St (Pre-heat treatment and post weld heat treatment)

IGAW ¢ TH S F A § AT Elrtad e w ae g
* S3I TH UG F qEI@ W
* §iT ITET A FrEr w74 |

IT= &€ (Heat treatments) : ITAR & giede F TIWT F9
ATfSa I & AT FA  forg B strar €1 siffamt = & der
Y TTH IJTATT FIA FTAT IS | 36 e § Iga & 919 &
TH AT 3T VLT FAT| Tt & o & 3= & ffswr &
& forw mff SR & #E ad% 2|

TS AT (Normalising ) : TRAATEORT ATHATS o a8d 83
T TAITCrT % AT Star & amr g & Ft Heeqor AT
% IUT g HAT H @I A@ ¢ | AR A" AT ardwe )
FAT # ST €| TEAATIONT & o1g § @CAAT F U AT AT
g | 38 F - s F A ff s G ST A 2|

gfaferT (Annealing) : tfRfem & faeft weayur fag o¥ a1g
FT T HT I ATTAT B TH H AR 7R A ¥ ST FEAT
2 | ufafenTt & Igave fwafafed # & o ar i #t @1 Fear
& ®aT ©

oTq AL A & forg JaT: wefiiweer # guw & fog
—  H{ARE FTAT qAT B g FA & (g

— 9 & RebreA w4 % forg

— o e % forg

— TSI & & FA &

g (Hardening) : S & % a8 e A die &7 ardd
qg ST 8| F_T W@ fag F SUX F ATIH X WA F TH
FLA I AT AT €, AR 6T g det O AT g A st & Se
faFaT ST 2 | A ATer, 3= Y agd SV Had ©id F 39

fafer g e fohar Strar 2| e arra o7 & & e
ST =TRY a8 AT (%7 0 & & T 9gaar edr 2|

#% rstent (Case hardening) : 7e & #1 aTe<t Ade 1 @
A T IHAT | TE Wl & AT § Afafew wre & g G
STAT & | T8 FF W AT adiat & fFar Smar & Sew & aef
& =T ATTHI I TH XA ST Al & ST FIA Y ATTeIHAT

gl

W 3o ads e

TF HeT 1] & T A €I & R # 4F w ¥ fog e 3w
HTAATSONT I Siar & |

— U (9ueT g AarsaTEs 0% aro (bath) & &ier WRT &t gaar
— ®IEAES TSSY AT Hhed¥ # TH & atet feed &t gamr

— & & oW &t TH BT AL IT T TSN AF 61 08
FEAT

—  frawTEett a7 AR g SR i ww & et weAT |

i (Tempering): & & TF T % T A¥E & @ &1 9
F 1T A TN H & I % a7 & oI S ATl 9 WRar
F T TA & forg R & FA0T o Srar 2

7e ffde a ™ W FSIX 41g F AR T FEH 1T
AT & S Fwiear e ow A #war @, e wmme
(Quenching) FT |

=0T (Quenching) : T9F § TF &g &I STHAIY T ae a7
qt & gaTEY T AT &1 3EE gng @ €A # $P a5
B | IeTewvr & forg ree wier, o /= 3 STran @ o arderge
TLFAT T 2

TG | A (Stress relieving) : 79 & TEd 37 AR
AATET Y g FLA % U AT & A AT 2w % e fasfaa
g 2l

3 IORT ® WAl T o et 590°C & 9 & araHe 9%
FEAAT B TH Feh AT g8 Y iR T FEA A argafa Sidr
| A FT GT FIA B UF AR ada & Ofw, gtentE i
FIGT AAETT & R ST iRy H=ifE arg A Wifas afe
F FAA FHIA F GALT AT &7 2 |

aa & Ted Faa adl e a1k se ot dvreer & &
FEFAT B X IR AT AN AR AR T @9 adl #t
T XA & fore T s arae &1 ST ALy T ST Aear
gl

gfm s @iy (Hardening and tempering)

SEAW : T S F w | o9 fwmfafad ww w av e
o TR F REa & = w7

o R & FEA F IWE FT U HE

o grEfeT &t afkar ® gweEnT

o & F IR F TATET T

o T A TR AW =T W

* I FILHR! FT AT F T W F2IX A ¥ A0 o7 T w33t 21
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== (Introduction) : 7= : af t& & &7 gFHeT T
Y & I ATIHN I A AT S1ar & ar aft IwR & Fred
3 o 7 W AR 3 S 2| s & it Ster 91 a9 o
3o f-ofi¥ 32T T ST @ At AR F e A Frae ¥
FIATT & HTZE ATHS S =ieT 93T ST | 31 =it & et 0.006%
% FTEA & ATAT (AT & AR FAY AR FET F 36 A
& Bted % forg Aetge 3 o1t € | 9 %R15e % AT, T ige AHE
Affres @¥=AT a2

& ¢ &1 f=ma (The principle of hardening) : afz &
F At & 3T G Sar & AR FET F O S| At
Bted & forg mata gag 78 giar Sms aRuw @w T a7 J@ie
H AT AT BT AR 3T uF AT gy & # Fwsiar
# gfeg HT FTOT & AT AT ST AAATIT F FHAT FHT AT
2| 7 TeaT & 9fEaT €1 39 ST & IR e Sarkd
a1 o ae AR wam|

et # FwET A

— o a9 3@ W e Sar @
- & it s@fy

— T & FA GAHT A H ATTHA
— AT g I Faed a¥

T gfkar # (Fig 1) ® i€ Rmar 7o SiF #3i¢ 3ad I Fraq
e T IATT |
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|t T (Soaking time): T F¥H ¥ a7 F® a6 & forw
I ATIHT I & JeT it 7SS & 10 mm F oI sraat 9 5 mts
N srgAfa & ST 2

FfeT (Cooling): A9 &t 1 TF FAH 3¢ T TF ITGTH TH
AT WST T AT € | ot Aeeyet waere ¥ FET S @
Heequt Siaere 3¢ &el Y =T % AT Ft €| aw sfdes
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Tt ATRATEE F gE B AT A qq AT & [ ATCATIE FBT
ST &1 5@ Fig 3 # f@mar i &1

Fig 3
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THE MICRO STRUCTURE OF MARTENSITE

39 AYE & STATRA FHIE & HLAAT qgd F{SA & AT A &
A 8 agd R 2|

I\ /1A (The quenching medium) : ST ATEAH sfidee
# 3T # | wzar 2|

A & oA & forg arelY & A9 A7 wriEeE e & wHier I= A
ST 21

g LT T & 9 o forg gar 1 fawhie w2 | o s fafeaw
AT ZAT & | THT 30X o Ja9 AT THE AT T

g1 yA & forg e 3o famw s ag ®her & SO 2

& (Tempering) : @& &1 & 918 &l it ATAA I 0T
FIRAT AR AHATTT H IR FIA & oIg =t weeqor g &
= UF ITYH ATTH T TH {3t Srar € Al a@ FSAr A
AT 31 A T AT AT & | T8 00T HT AT ITGHA a1
% fore fama e 21

e 12 TR T #1392 (Purpose of tempering the
steel): &ieT 1Y s FSIY BT F FHAR T Tg7 WY T
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qgd T & 7 qAEYer eiar & g6 frfa § &et FT ST T8t
faFaT ST /AT ©| 3AfY T8 WSS FEAT B

IR & I3

— ATARE q9TE ST AT & & F e oF % forg
— FIAT AT FSIAT B [AfFAd Fed & forg

—  SRAT F FH FE & forg

— TS AAATIE BT FIA & forg

— 9% fAere & 9 A F o

¥ afdan (Process of tempering) : &= 1 ATawT=
T oI 9¥ 4% Fear €| AfhT 7@ 180° & 650° & =
giar &1 (Fig 4) &ifew &t srafer afefRaer 3t wier o fsfv st
2 | IUTHI ATHAR I FHH ATIHE I WS ST & | aTIH= 9%
IArfed sreTEe e % W1 & & ATIHTT HT TGS ATMAT ST
gl

Fig 4
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B strar €| wdt afRfert & Gl oft g § & i aue
TR gTe FEAT dHT 2
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et 1
TR awE

FT AT AqHE °C |
9T T 230
ST 240
EIcE) 250
EISEREE] 260
EEES 270
SEREC] 280

= 300

BIE= X ¢ W ATghrgFaY #f Jurerfa fa@mar 21 (Fig 5)

Fig 5
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THE MICROSTRUCTURE OF HARDENED AND TEMPERED STEEL

AHTER X a2 gU &9F & forg f=et amamm I & emf¥r
TS AT U0 ST F fers Fersor gqme Far 2|
Tt &e IrEr aft aRfefaat & ave a5 &)

s w1 % fore stet oo fafyr #t w92t sev ¢ o Aifrw
O & FS AT & [T FH ATTH € & A9 0T ah ST
g rfed TR IT9 #¥a & oy ag fmde adEr wwe
FIAT & A= AT O H A G =T ST Awar 2

| Fig 6 illustrates how the mechanical properties of
hardened steel can be modified by tempering.
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ww #1 3w st (Heat treatment of steels (Annealing and normalising))

IR : T S F o § o Ffafed ww aw A e
* & IR A AT T

+ gfafert & e FeF Seew W wW

o TAITeT 3T ARHATEAT H qhRETET & de awe |

e F IO FHH HLAAT A FEH @A W R w2
AT AR A AT & YO0 F1 UF AT qOHE 9€ TH
X AR T uw ffvad av ox de1 #F3 # sguia 3F a8
ST AT & | Wi AT HCAAT FragAd AL 39 THL ATa99F 00
T FEA & (oI TH FIA AT ST FEA B AT B LA A
gic dtede FeT Sar 2|

e & TF ITYH ATIHH 9 TH AT 9 @ i R R
¥ 32T & T WA TH FAAT AR T0AT W |

A FT UF ITYH ATIH T TH faam S € i fhe ast &
3T FY WA FIRX AR FX a0

TRt ST T TR (Classification of heat treatments)
STAR AT @A &0 ferf 937 #3d & 3 AT g FW @ B

AT AT @ fRrfa Ie7 X AT ITER FBR A TmfET @
(AR 9 UF gAY & ard ey g o @) |

uifent (Annealing) : 30 ST & & #t ITF Fad WA
(Fig 1) % SITTE 9% U TG ATTHIT de TH (3T SI1aT & 31
I AT T 93T G0 & forg 7@T ST 8, A i iy +9¢
& AT % ST AT S 2
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ANNEALING TEMPERATURES FOR PLAIN CARBON STEELS

&ifew, JifdT e iy vfy & de1 F7 & I 9= & S & AW
gafor FHedr AT aEmeT 98T wea @) uAtem & forg
EEIUACACEE TN I IIL Ae@ U AT & F9< 30° & 50°
@ T foRaT SITar 2, S 7 fEe Aot At & 50° & 39
gt 21 (Fig 1)

Fad & F fow 3@ amoae 9¥ @i &1 @wr 5 min,
10 mm), FTa" & &7 J1eE 7 |
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FTE Wil &1 9iaeT a2 100 & 150° 3ft afcraer giar &1 wigr
# ST fam ST &, et F a8 FF AT TN B < AT g9 9

A gET T & A FA A S 2|
CIIEUIRICEIC
FE A C
we %
<0.12 8758925
0.12 & 0.25 840% 970
0.25 &0.50 815% 840
0.50&0.90 780% 810
0.90&1.3 760 & 780
Tifert #1 S99 (Purpose of annealing)
oefiferT fober stmar 2
—  HAAAT A FEAT
— IO § G FIAT
— T S % forg
— AiaR# aamT g & & fog
— HIEATHS JTANT HF HH AT GH FIAT
— U F AHR F TG FA F forg
— Fe # Y v wiwar F fore ®hier duw wwAr
Atz onT (Normalising) : &t &1 SR §¥==T § T

YT AT SETHIT el & HILOT aaTd A qard a°aT 8 | =
TR T BT & BT QAT ST & AT ITAWT & I F fFefr
off quTr fawer 8 awa 2|

HYFAT A UF EIAT A FeqA AiAa Ot % forg v afear &
IATET HeA % forg g Ay st 2|

AT F34 A 9141 (The normalising process) : 37 ST
H W FF I F1ET AT Fig 2 % SATET T U ITYF ATTHA
o T AT AT €, A% IET aTTHE 9% @1 A1dT € HY R
gar § a7 3 strar &1

e F TF a9 Y fhfewer aram & 300 & 400°C 3%
Y T omar @, S| W) 3= #feT & F ammer & ofr oy
SATRATEE WG & |
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Fig 2
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PERCENTAGE OF CARBON IN STEEL
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NORMALISING TEMPERATURES FOR PLAIN CARBON STEELS

THT AT & i1 a8 Tiham ifoe I O Ft 98T FA 3
faem & weem FaW T, AR UM w9 & gAfvad s F fou
STEEATEE & A1 Y& HLAT @995 ¢ |

AT #3 F forg wew R gem gwer el g A
T TAE & I AL TET A AL @1 AT ATRY
FTF & JIST FSTAT 49T FOTI

FA( Ft W@ FTA T agHE FT I (Use of
temperature indicating crayons)

fefa St & o & 717 FAF g7 ST ST AT 2|
frfefeT e & Tear 57 Fae aT S ST & gwer W) e
FATT A &, A A & gHer &1 N e as g &
g fAeme e & S €

7E I @ear € & Stg #F saws fifefedr ammm w =
o o 2| fAfser awe & s & foo e @ Fae
U & | ATTH ST AT GINT =T a7 € 9 9% etfdha f3har
ST |
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