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1. Welding metallurgy of steel (15 fl:',61,141-6) 

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 lvVcri"1140b1Y1EJT1-171,61-hil'3 (Tintolvoa-AL1Li.livuolL6.19) L1.1101.11SIEJIAT11101M11.9 

11',9i'i'll equilibrium phase diagram Fe-C (Slow cooling) iiiin-n-Lrica-rual 

uit-guLdoLis'mannn-n-ChLonffnalLvignn4-mifuovt, 0.4% 

1.3 69ialli1&If1'1f1J01-6 3i '1 Ceq =C +1/6 Mn + 1/24 Si 1141-11.69JOMIT1LVIV1O66aZ 

q1T1114-1fifly1101 Ceq 

2. CCT diagram 6i00,:1,7 LLazichiunon-n-IJ7:-.qnvili CCT diagram enJuirmi, HAZ (10 

f1 669.614) 

3. 114,n-n6iioaaiwisum5nn6- 665Alq,INgu91-1 (High Strength Low Alloy Steels) erilc-01 

viitliqunnlAil  SMAW qi-Ma'N11:411 03,1°11171M1,0b171A1-1,91-1 L.Vigflfl&ILLIAl cailiiT1-13Nall 
.i c, .." 

11-116f13a1114 

C = 0.15%, Si = 0.5%, Mn = 1%, Cu= 0.25%, Ni=0.8°/0, Cr =1%, Mo =0.5% 

IluirliLvlann -N,L74.117Sonitfriniviiu = 20mm Lozilni7g17-)TcMuiq7Lwm-In 

Lcriaviiauil = 4 m1/100g (20 fl:,'LL1-61-0 

3.1 liVi'li'l Cracking Parameter (Pc) 

3.2 Vvinfi-logni,miliun-n.  Preheat CAT114,d 0 1AL°1103,J 
.1' 	. 	41 	,4 

3.3n-n-  Preheat ointl-mn01-6L°123,11Jfrilu6-Aiod-1117 66aniow593i'4T1 ul 

ifi5lail.1011711-69Ji6'1at HAZ 

3.4 9i-Ervi4-ri 3 od-Afi6.mia19sIljiqn-n66cv1n6€J9.6 (cold crack) rior,lnril 

A . 

4. rl'116°1103,n9signn&16l7kn19-to9nwnalg,i (Heat Resistant low alloy steels vila 
41 	41 

Chromium-Molybdenum steels) (20 fizum,u) 

4.1 ivluonruh-zglk-naln-n-L4onlivognn&n.h.Lnyvtilur-leafrg-1111,1 

4.2v-11.17r.g.ikinalm71v1"fi-nuiouriouvtalnalLVignn4'Aokrintqabmicjilv "k 

o:',11 

4.3 -InioldaTolawl,403:1-7111,1,1-131J3J'I livi-ntuonl-mar,C6'ENnialn-nytamm6nn4'n 

Nall 2.25 )̀ oCr-1°/0Mo Vann ii a•cil 
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4.4 '111,11.1 LI,M11TTT (Time-Temperature-Transformation) 1101T1.17LiS103,11101 

61,15T1114'1Nall 2.25%Cr-1%Mo 6110E.,j7n)Y- '1.1Liilt111 119J6ivol 2 

qq1(TiEiLlintiA, HAZ 	 L6a:ar1f61'm195A:-,6iasaifigruvug 
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5. r1-116123,ILVignn61-igontLaff (20 fiz66w4) 

5.1 0i1.110/1171,r1qi weld decay v 	intergranular corrosion 11-141111°754 03J austenitic 

stainless steels 1A1701JY11')ETY171.J01M-1, 

5.2 7i1.110fiTILL01/1'1111M-ill'illiJintle6 Carbide precipitation zone 666.`1,' 

Solid solution zone Taluintwiliiklan7nuvluv-infi-raiiou 

5.3 YI-AL1141,14-601103.nio1vviann&igovuLagooffLgicain9T01iliSiWintvoiall7Yi 

5-10% 

5.4 What is the difference between steel and stainless steel? 
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a 
6. 111,ni7LTOLLvignfli9iilat`roirivol:Will vognn4'iNguqinli.nuqt-timcrjilv 9su 

C= 0.15%, Si= 0.60%, Mn= 0.94% Cr=1.25%, Mo 0.5% riiirogn 

alV11-61.aalT111 304 116-ntNalril-1.1A C=0.08%, Si= 1.00%, Mn=2.00%, 

Cr=19.00%, Ni 8.50% 	 IlLilia-)91L40011'316- IANgLYINIAlii C=0.03%, 

Si=0.60%, Mn=1.50%, Cr=23.13%, Ni=12.50% (6i diagram 1101 schaeffler Y1Mbv 

Ini7A11.17:1101A19101J) (15 fl:',L1,1-61-6) 

6.1 Wivrifh Cr„ 	Ni„ TO1M5TITI&INMA-11,i1-11-1)qabVir,1:31q1 1.10.1Arlff011-1, 

LPMTVW 304 LLanola-Nlviiali 

6.2 l9ti9ii9hum-i,1 	 dilution 25%) 

7. arillEA4g1014114/1'11 inspection .111-664011 LLanniini-111.17nou ( 5 flZI,LIVIA) 

8. flaAIJ fIld0.91,11,T1-111A103J61,a:IT111-14,V1.101R19J111Ali Tr; Yi'114,1iM"1 r111`11Ali'll 	5 

°15`i,U1 	 NDT ill,ViL-1:,'ff3,111-6/1-17q1I'MOURAUMAIi@Tri-1911t1-6 (5 q::61,14)14) 
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9.1unl76iloanaq:a1nloaAn (13T-15 xxxxT6) aiunun1vviiud-11 (10 Wi,'L6IA1-6) 
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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 3? 

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) 

	Be good 



TS 
N/mm2  

(kgf/mm2) 

El 

TT°C 

CMA- I RT 
450 520(53) 580(59)  17 

20 510(52) 

PWHT Product name 	550°C x 1000hr 
180 N/mm2  (19 kgf/mm2) CMA-106 

130 N/mm2  (13 kgf/mm2) CMA-106N 

3.2 Dia. (mm) 	 2.6 

350 L (mm) 
	

300 

90-130 CMA-106N 
	

55-85 

75-115 50-80 

75-115 50-80 

C 

0.07 

0.12 

Si Mn Cr 
0.40 0.70 0.006 0.004 2.30 
0.30 0.74 10.006 0.002 2.40 

SR SR+SC* 

I- 

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

Product name 

CMA-106 

CMA-106N 

Typical mechanical properties of weld metal 

RT 

• SC : Step Cooling 

Typical creep rupture strength 

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

CMA-106 

— 175 — 

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

CMA-106 

Amp 

Product TT 
name (°C) 

106N 450 430(44) 

V & OH 

F 

CMA-106 

CMA-106N 

0.2% OS 
N/mm2  

(kgf/mm2) 

510(52) 

630(64) 

650(66) 

730(74) 

55-85 

28 

690°C X 27 hr 

22 

90-130 

720°C x 1 hr 

-30 

140-190 
140-190 
100-160 

100-160 

IV J (kgf-m) 

110(11)  

Mo  

1.02 

0.98 

PWHT 

690°C x 1 hr 

690°C x 8 hr 

6.0  
400 

240-300 
240-300 

4.0 	5.0 
400 	400 

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

Applications: 

Shielded 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 	: The alloy elements are supplied from the core rod. 
CMA-106N : The alloy elements are supplied from the core rod. The notch 

toughness at low temperatures is better and less sensitive to 
temper embrittlement. 

Typical chemical composition of weld metal (%) 

190-240 
190-240 
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Fig. 1 Schaeffler's diagram 
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Cr equivalent = %Cr + %Mo + 1.5 x %Si + 0.5 x Nb (Cb) 
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