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Welding Metallurgy

1. What is Weld Metal, Heat Affected Zone (HAZ) and Base Metal; explain the
differences in term of microstructure and mechanical properties? (Answer in
English or Thai)

2 lmadaunanndenfueudr  snnsanmlassehanlasuslulasvendiom
HAZ azisznauluéae Coarse grain zone, Intermediate grain zone and Fine grain

o =} a ] !
zone Y lu391fia zone 6nv9Uu
3. Heat Input fiannuddgenslslugamnbudivesunisanangmmniis-500°C

4. ’Lumsv’iﬁ‘amiammﬁnnﬁwmaﬁagmam‘h (High Strength Low Alloy Steels) nii@
witilaanssud®s SMAW drsaadeusiialalasiand AN UTIFIFINFIUNTN
maaiieait

C = 0.15%, Si = 0.5%, Mn = 1%, Cu= 0.25%, Ni=0.8%, Cr =1%, Mo =0.5%,
V=0.2%

IﬂU‘ﬁ'mﬁrmETWLLiaﬁogwﬁ@f:“mwwm = 20mm uazimsamiadalalasiauain
diadan'ld = 4 mi100g

4.1 1hwen Cracking Parameter (Pc)

4.2 WmengaunnTluns Preheat Suaunauwday
5. AnussalumM i
5.1 mfuawifisuiyin Carbon Equivalent (Ceq) finezls uaziianudanedisls
Tunsdenatiels
5.2 w6 Ceq waamdnndussfagaluda 4
(Ceq= C+1/6Mn+1/24Si+1/40Ni+1/5Cr+1/4Mo+1/14V)

6. msv"ﬁaumﬁnnﬁ%ﬁaﬁmuqmmgﬁgu
6.1qﬂﬂizmﬁmaamﬂﬁmm‘?auﬁam%awaamﬁnnéﬁﬁae‘imuqmﬂgﬁg\*} (Heat

Resistant low alloy steels S Chromium-Molybdenum steels) faacls



6.2 ﬁgﬂﬂi:ﬁﬂﬁﬂladﬂﬂiﬁﬂ PWHT (Post Weld Heat Treatment) Paaninnddas
ﬂuqmﬂﬂﬁgd (Heat Resistant low alloy steels $#38 Chromium-Molybdenum
steels) doazls

6.3 mn‘ﬁagamaoa‘m%auﬁuuumlﬁvhuuaﬂsmazl,'é'smmaamn%aumﬁnnsﬁ
N&Y 1.25%Cr-0.5%Mo ‘lﬁmﬂﬁq@

7. NI RUMENNARLAMAR
7.1 aBunun19ifia weld decay W38 intergranular corrosion Tumsiiioy austenitic
stainless steels
7.2 lluwdadavesninnisewaseasaiidindasfiUsunouna sl
5-10%

8 lumaBauminndssrfiatuszning mﬁﬂnﬁwauﬁ'ﬂ"ﬁmuqquﬁ@ Gafl
FIUNFUNIILAT C= 0.15%, Si= 0.60%, Mn= 0.94% Cr=1.25%, Mo 0.5% NULA&N
MAURFNTA 304 DEIUNFUNILAT C=0.08%, Si= 1.00%, Mn=2.00%, Cr=19.00%,
Ni 8.50% lagliaiaidoufifidunsumanii C=0.03%, Si=0.60%, Mn=1.50%,
Cr=23.13%, Ni=12.50% (L7 diagram 284 schaeffler funuansedsznaudaey)

8.1 1Wmien Croy Uaz Nig, °11aamﬁﬂﬂﬁwam‘m"ﬁmuqmﬁgﬁgo YDIRENFLAL
LAFLNTA 304 UAzVAIRINLTaN
8.2 l¥midunii maoiﬂsaai”woq@ﬁwwé’amﬂﬂm%au % dilution vasmIALTEN
30%)
9. MInmaiiawevaingnwnis lumandeumanndnedoudonsd Lmlﬂluu.ml,%au
Sywguann wazliifudluadaly

Following questions are for Master Students only
10. Explain the microstructure change in weld metal and HAZ during arc welding of
low carbon steel (using solidification and CCT diagram). (Answer in English or

Thai)

11. What are cold crack and hot crack in welding? (Answer in English or Thai)



CMA-96 AN 4o £8016.82

T2316
CMA-96MB AWS Ac.5 EB016-82
For welding of 1.25%Cr-0.5%Mo steel.

Applications:
Shielded metal arc welding of ASTM A387Gr11 steel used for fossile power plant,

petrochemical and oil refinery p]ants.

Characteristics on usage:
CMA-96 and CMA-96MB are low hydrogen type electrodes for all-position welding
which provide the weld metal of 1 .25%Cr-0.5%Mo.
CMA-96 - The alloy elements are supplied from the core rod.
CMA-96MB : The weld metal shows lower tensile strength and higher
notch toughness, and the alloy elements are supplied from the
core rod.

Notes on usage:
(1) Preheating and interpass temperatures: 150 to 300°C.

(2) Postweld heat treatment temperatures : 650 to 700°C.

Typical chemical composition of weld metal (%)

Product name C Si Mn P S Cr Mo
CMA-96 0.07 0.43 0.81 0.008 | 0.004 1.31 0.54
CMA-96MB 0.06 0.51 0.74 0.007 | 0.003 1.30 0.48

Typical mechanical properties of weld metal

T 0.2% OS TS = v
Product name | ooy | n/mrk? (kgtimm?) | Nimm? (kgtfmm?) | % | J (kgf-m) PWHT
omnos AT 570 (58) 650 (66) 26 | 21021 | go0ncx hr
450 460 (47) 520 (53) 21 Z
RT 490 (50) 590 (60) 30 | 200 (20)" ’
CMA-96MB 690°C x 1 hr
455 360 (37) 450 (46) 24 | 170 (17)2

4 - AT —20°C after SR *2: at —20°C after SR + Step Cooling

Typical creep rupture strength

Product name 550°C x 1000hr PWHT
CMA-96 180 N/mm? (18 kgf/mm?) | 690°C x 8 hr

Sizes available and recommended currents (AC or DC-EP)

Dia. (mm) 2.6 3.2 4.0 5.0 6.0
L (mm) 300 350 400 400 400
F CMA-96 55~85 80~120 125~175 185~235 240~300
) CMA-g6MB
Amp MA-96
V &OH CMA- 50~80 75~110 100~160 - -
CMA-96MB




Ferrite content measuring methods of austenitic stainless steel weld metal

Ferrite To measure ferrite content by comparing to the magnetic attraction of the

‘Indicator standard specimen and the test specimen.

Ferrite Scope To measure ferrite content by using the magnetic induction in the test specimen.

Magne To measure ferrite content by using the force of spring that

Guage balances to the magnetic attraction between the permanent magnet and the test
specimen.

Structure To measure ferrite content by calculating Ni equivalent and Cr equivalent

Diagram from chemical compositions of the test specimen and using the diggrams.

Method There are three different diagrams; Schaeffler's diagram, Delong's diagram and
WRC diagram. See figure 1,2 and 3. '

Point Counting | To Mmeasure ferrite content by calculating the area percentage of the ferrite in

Method micro-structure.

Fig. 1 Schaeffler's diagram
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Cr equivalent = %Cr + %Mo + 1.5 X %Si +0.5x % Nb (Cb)
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Ni equivalent = %Ni + 35 x %C + 20 x %N + 0.25% Cu



