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1.

Welding metallurgy of steel (15 acliib)

1.1 What is Weld Metal, Heat Affected Zone (HAZ) and Base Metal of low carbon
steels welded by arc welding; explain the differences in temperature and
microstructure of each zone?

1.2 Tviuauronmsiiuad (3nvadwiad iduwesuds) wWisuifisuanuuanedns
2% equilibrium phase diagram Fe-C (Slow cooling) AUNILEBAIVDY
V3 miiadanannsifenaninrasnannianiuau 0.4%

1.3 RANNAIAISUBK NA1 Ceq =C +1/6 Mn + 1/24 Si I¥viubananunuisuas

ANNAATYTDY Ceq

2. CCT diagram #oozls uazlfobunummlszyndld CCT diagram AuUSIam4 HAZ (10

AZLLA)

3. lumaFensdaTWnANNAWTIAIgINGNG1 (High Strength Low Alloy Steels) i@

witslaonTawds SMAW doaraidausiialalasiand WANNA U TIAIgITFIUHEY
maadiait
C =0.15%, Si = 0.5%, Mn = 1%, Cu= 0.25%, Ni=0.8%, Cr =1%, Mo =0.5%
T,@U“?im§ﬂnﬁmmadgwﬁ@ﬁﬁmwwm = 20mm wazinisariatalasiauan
iio1dawle = 4 mi100g (20 AzUWW)
3.1 l¥men Cracking Parameter (Pc)
3.2 lWmargmnnTluns Preheat Fusmrandan
33m35 Preheat Tununowdenfanudmdyetndls  wazdesmawiniass
lasegtses lsluSiin HAZ

3.4 1aunan 3 aganaInaliiiamsuaniin (cold crack) Haglyiing

4. muFaumAnnanedmugunnigy (Heat Resistant low alloy steels W3o

Chromium-Molybdenum steels) (20 azilihib)

4.1 lWWuenyadsasdy 29N RN MRANNaU T ANl aI STy

~a

4.2&3@ﬂszaaﬁmaamﬂﬁmw%auﬁam%amaamﬁﬂnﬁm%a@imuqmmm;30 R
as'ls
4.3mn°ﬂ"a§a°uaamm%amﬁuuum IWrnuwuaneazldsauaINITtTaNRANNEaN

W& 2.25%Cr-1%Mo lunfiga




4.4 mﬂgll WRAITTT (Time-Temperature-Transformation) 289N13LTaNVDY
&~ ¥ é [ ) ¥ 04 ¥ { U
WWANNEHAY  2.25%Cr-1%Mo  T9agjizninduiit nuldui 2 1a39819

garpuTane HAZ anflulassaivesls unsniinulodenSuianigungd
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5. MITONAANNRIFLALAT (20 AZLbL)

5.1 TUNNILNA weld decay w3a intergranular corrosion Tun3fay austenitic
stainless steels WiaursIEniloanii

5.2 a5UN8ANMNLANAIIIZRINIIZAINNLIIG Carbide precipitation zone W&z
Solid solution zone Va9USIMATNANTzNUIRBIINANLTOW

5.3 vnluluileldovasvinnimawasossadfndasduunonesled
5-10%

5.4 What is the difference between steel and stainless steel?




6. lumadauninndesrianuszning mﬁnnﬁmamﬁlﬂﬁmuqmﬁﬁﬁga Sofl
FIUNFUNILAL C= 0.15%, Si= 0.60%, Mn= 0.94% Cr=1.25%, Mo 0.5% AULRAN
RLAWARINTG 304  Nauwaumdtadl  C=0.08%, Si= 1.00%, Mn=2.00%,
Cr=19.00%, Ni 8.50% Touldaafoufifdrunaunmanil C=0.03%,
Si=0.60%, Mn=1.50%, Cr=23.13%, Ni=12.50% (1’5 diagram Va4 schaeffler ‘ﬁLLuU
WA2uUIENaufaaL) (15 ATILIL)

6.1 l¥Am1A1 Croq udz Nig maamﬁnnﬁwam‘iﬂf@mqmﬁgﬁga YRILWANTLA
LAELNTA 304 UWaUBIAIALToY
6.2 lAmdumia 'naﬂﬂiaa%oqmﬁwwé’amnmsu’ﬁau (7 dilution 25%)

7. aFUNUTUADWLIUNIT inspection MLLTEN LazENGI8L1IUIZNAY (5 ATLLY)

8. 'Lﬁuan%aunwiaﬂumn%auLLazﬁﬂwm:maoawnwiaaﬁvimj?ﬁ'mnnmwﬁwmd 5

7Hia wiaundd® NDT fnanzanlun1inasaufiunwiadzianiu (5 aziun)
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9. lumaBanfinezgafiflounan (1IN0 xxxxT6) BTLNLATWATUAI (10 AZUKM)
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These questions only for Master degree students

10. Weldability (10 marks)
11.1 What is Carbon Equivalent (Ceq)?
11.2 Calculate Ceq of high strength steel in question 37

11. Draw (sketch) the picture of grain structure after solidification from MIG or TIG

compared with semi-solid state welding of 6082T6 alloy. (10 marks)



For weiding of 2.25%Cr-1%Mo steel.

Applications:

JIS Z3223 DT2416
AWS A5.5 E9016-B3
JIS Z3223 DT2416

AWS A5.5 E9016-B3

Shieided metal arc welding of ASTM A387Gr22 steel used for fossile power plant, petrochemical and oil

refinery plants, and nuclear power plants.

Characterisitics on usage:

CMA-106 and CMA-106N are low hydrogen type electrodes for all-position welding which provide the weld

metal of 2.25%Cr-1%Mo.
CMA-106
CMA-106N

: The alloy elements are supplied from the core rod.
: The alloy elements are supplied from the core rod. The notch

toughness at low temperatures is better and less sensitive to

temper embrittiement,

Notes on usage:
(1) Preheating and interpass temperatures: 200 to 350°C.
(2) Postweid heat treatment temperature : 680 to 730°C,

Typical chemical composition of weld metai (%)

Productname | C | si | ma | p | s | e Mo
| cMma-108 0.07 | 0.40 | 070 | 0.006 | 0004 | 230 | 1.02
_cmA-106N | 012 | 030 | 074 | 0.006 | 0002 | 240 | 098
Typical mechanical properties of weld metal
0.2% OS TS
Product | TT N/mmz N/mm? El l_ tV J (kgt-m) [ PWHT
(-] 9,
name 1 €9 | gtimmd) | (egtimmy | % [rec] sm SR+SC" |
[ AT | 630(64) | 730(74) | 22 [ 0 [ 120012) - .
iCMA‘mS 450 | 520(53) | s80(S8) | 17 | - | - Z 890°Cx 1 hr
CMA- | RT | 510(52) | 650(66) | 28 | -30 | 120(12) | 110(11) 690°C x 8 hr
106N | 450 | 430(44) | 510(52) | 20 -7 - [ -
* SC: Step Cooling
Typical creep rupture strength
Product name 550°C x 1000hr I PWHT 7
CMA-106 180 N/mm? (19 kgt/mm?) | 720°Cx 1 hr_|
CMA-106N__ | 130 N/mm? (13 kgt/mm?) | 690°C X 27 hr

Sizes available and recommended currents (ACorDC - EP)

Dia. (mm) 2.6 32 | a0 | 50 60 |
L (mm) 300 350 400 400 400
CMA-106 55~85 90-130 | 140-190 | 190-240 | 240-300
’ F [CMAT06N | 5585 | 90~130 [ 140-190 | 190~240 | 240-300
Amp [CMA-105 [ 50-80 | 75-115 | foo-e0 | = =
IV&OHJCMA-msN 50~-80 | 75-115 | 100-160 | - | -

-175-




Fig. 1 Schaeffler's diagram

Ni equivalent=%Ni + 30 x %C + 0.5 x % Mn
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Cr equivalent = %Cr + %Mo + 1.5 x %Si + 0.5 x % Nb (Cb)
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