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Welding Metallurgy

1. What is Weld Metal, Heat Affected Zone (HAZ) and Base Metal; explain the
differences?

2. ‘lumiv'?j"aumﬁnﬂé’msaaagwam‘h (High Strength Low Alloy Steels) sRanitsla
n3513% SMAW drearadourialalasiand WaNNAUTIRIgITEWNFNNILAL]
it

C = 0.15%, Si = 0.5%, Mn = 1%, Cu= 0.25%, Ni=0.8%, Cr =1%, Mo =0.5%
Tﬂm“?imSﬂnﬁﬁL%agwﬁm{ﬁmmﬂm t = 20mm uwazinsasiaialalasiana
dlaidan'le = 4 mi100g

2.1 1¥%%1en Carbon Equivalent (CE)

2.2 CE fivszlomiazlsthy

3.1 99UzaadUaIn1Ivin PWHT (Post Weld Heat Treatment) PaawannanIas
ﬂuqmv\{}ﬁga (Heat Resistant low alloy steels %380 Chromium-Molybdenur
steels) Aoy

3.2 mm]“a%ijaamm%aw?‘il,l,uuu'ﬂﬁmuuanimauﬁﬂmaqmﬂ%aumﬁﬂﬂﬁ1
Waw 0.5%Mo ’Lﬁmﬂﬁq@

4. a5uNuMIiNa weld decay %30 intergranular corrosion luﬂﬁﬁL%au austenitic
stainless steels
5. TuNS e NMANNE AT RaR HIEAINg mﬁﬂnﬁwam‘i‘ﬂ’ﬁmuqmmﬁgo GEN
RIUNENNIILAY C= 0.15%, Si= 0.60%, Mn= 0.94% Cr=1.25%, Mo 0.5% NULAR
RLIAUWLAELNTG 304 AsIuWsun el C=0.08%, Si= 1.00%, Mn=2.00%.,
Cr=19.00%, Ni 8.50% Tatldaadeufiddmwnsunaeadl c=0.039.,
Si=0.60%, Mn=1.50%, Cr=23.13%, Ni=12.50% (I diagram ¢ 9
schaeffler fuuuaNTIsUsznaufaay)
5.1 WA Cry sz Nig, vasminnsnnandnliougomyigs vesmanma 4
LWALNTA 304 LazBIRINLTa
5.2 T¥méunia °uaﬂmoa%dqﬂﬁ’]mé’aﬁnnmﬂ%au A% dilution vavmIAED Y
30%)
6. Thermal Spraying
6.1 lWuannanns¥iauses Flame Spraying wisudafuazdaide

6.2 I UannaNNIIRNUVed Arc Spraying  wiandefuazdaldn



7. QA/QC in welding (20 ATLLUW)
7.1 ’Lﬁmwwmﬂw%am'?ﬁ@qﬂszmﬁmm WPS (welding procedure specification
PQR (Procedure Qualification Test Record) laz WQT (Welders Qualificatior
Test Record)
7.2 lﬁﬂﬂﬂLLUU WPS atinsing ﬁLL%U&I’Iﬁ?U 'lumn%aw mﬁﬂna"wm'?uau “?iflLLNa-
400 N/mm’ @uwwY 12 4y, Senssudinisden wuy MAG (Muuuwes
WPS ﬁLLuumﬁ'mﬂi:ﬂauﬁmau)
8. Explain the advantages and limitations of at least 3 NDT techniques use in weldin'|
inspection (10 AZLLUW)
9. What are the differences between discontinuities and defects? Explain the cause:;
of 3 discontinuities or defects in weld. (10 azlLUW)
Following questions are for Master Student only
10. What is cladding and why cladding?
11. Write simple WPS for Friction Stir Welding of Aluminium alloy A 356 (thickness

4mm) as much as you can.



M A 7 JIS 3223 DT1216
- AWS A5.5 E7016-A1

For welding of 0.5% Mo steel

Applications:

Shielded metal arc welding of 0.5% Mo steel used for high temperature and h gh
pressure boilers, chemical and oil refinery plants.

Characteristics on usage:
CMA-76 is low a hydrogen type electrode for all-position welding which provic es the
weld metal containing 0.5% Mo supplied from the core rod.

Notes on usage:

(1) Preheating and interpass temperatures: 10Q to 200°C
(2) Postweld heat treatment temperatures : 620 to 680°C

Typical chemical composition of weld metal (%)

. Product name C Si Mn P S Mo
CMA-76 006 | 049 | 079 | 0.009 | 0.004 | 054
Typical mechanical properties of weld metal
0.2% OS T8

Product T N/mm? N/mmé? El v PWHT

name (°C) | (kgtimn¥) | (kgt/mm?) | % | J (kgf-m)

cma-76 BT | 550(56) | 630(64) | 29 |210@1) | eonecy qhr

450 | 410(42) | 530(54) | 22 -

Typical creep rupture strength
} Product name 500°C x 1000 hr PWHT
CMA-76 360N/mm? (37 kgl/mm?) 620°C x 1 hr

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

% Dia. {(mm) 26 3.2 4.0 5.0 6.0

| L (mm) 300 350 400 400 400
' Amp |__F__| CMA76 | 65-85 | 90-130 | 140-190 | 190-240 | 240-300
| V&OH| CMA-76 | 50~80 | 80~120 | 110-170| - -




» Ferrite content measuring methods of austenitic stainless steel weld me!al

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 sp scimen.

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 equivalen:

Diagram from chemical compositions of the test specimen and using the diagram:;.

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

Point Counting | To measure ferrite content by calculating the area percentage of the ferr te in

Method micro-structure.

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

Form E-1 (Front)
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WELDING PROCEDURE SPECIFICATION (WPS) ’
Identification #
Revision Date By
Company Name Authorized by .Date
Welding Process(cs) Type - Manual ( ) Sem. -Automatic { )
Supporting PQR No.(s). Machine ( ) Automatic ( )
JOINT DESIGN USED POSITION
Type Potition of Groove Fille
Single ( ) Double Weld { ) Vertical Progression: Up ( ) Down ( )
Backing Yes ( ) No ()
Backing Material : ELECTRICAL CHARACTERISTICS
Root Opening Root Face Dimension _
Groove Angle Radius (J-U) — | Transfer Mode (GMAW) Short-Circuiting ( )
Back Gouging: Yes ( ) No( )  Method | Globular { ) Spray ( )
Cwrrent: AC () DCEP ( ) DCEN ( ) Pulsed ( )
BASE METALS Other
Matetial Spec.
Type or Grade TECHNIQUE
Thickness Groove Fillet Stringer or Weave Bead
Diameter (Pipc) Multi-pass or Single Pass (per side)
Number of electrodes
- FILLER METALS . o
AWS Secification Electrode Spacing Longli\ﬁ:nr:ll
AWS Classification Angle
SHIELDING »
Flux Gas — Contact Tube to Work Distance
Composition Poening
Electrode-Flux (Class) Flow Rate -
Gas Cup Size Interpass Cleasing:
PREHEAT POSTWELD HEAT TREATMENT
Preheat Temp., Min. Temp.
Interpass Temp., Min Max Time
WELDING PROCEDURE
Filler Metals Current Joint Details
Amps or
Pass or Wire
Weld Type & Feed Travel
Layer(s) Process Class Diam. Polarity Speed Volts Speed

Form E-1 (Fronl)




MG 51 T JIS 23312 YGWA2
- . AWS A5.18 E R70S-6
For gas-shielded metal arc welding of mild steel and 490N/mm? high ten:iile steel.

Applications:
Butt or filet MAG welding of structures such as vehicles, and industrial machir ery.

Characteristics on usage:

MG-51T is a solid wire which is designed to get good usability in all-position w :lding of
Stge! Sheets by the shont-circuiting arc with CO, gas or Ar+CO, gas mixture for
SIjteiding* The arc stability is good in the wide range of welding currents.

Higher current can be applied in vertical and overhead positions as compared with MG-
SOT. 1tis suitable for all-position welding of pipes. The well-adhered copper plating
Without flakes and without rusting in long duration storage, glossy wire surface by the
Special treatment, well-controlled cast and helix to make accurate tracking on he weld
Seam, rigid spool to prevent insertion of wire into the underlayer wire; these fe atures

zsﬁ‘;gfe smooth feeding of wire with stable arc, regular beads and higher efficiency in
elding.

z!ﬁiff!ﬁhemical composition of weld metal (%) (Shield gas :CO,)

c s Mn P s

L on 053 | 115 0011 0012
Ixf“jg‘f\nechanical properties of weld metal
MR T
f ) N/mm?(kgh/mm?) o : J (kghm) Shield gas
; 470(48)“;65 o s co
%g<sg> 600(61) . 31 160(16) 80%Ar+20%CO,
Stzes i‘Vaiiab‘e and recommended currents (DC-EP)
i “(vmr‘n)f'w e e

. F 50200 | 50-220  80-350
Amp V | 50-140  50-140  5C-160

Con -t ;_‘:,g... }2@6 . “5:6»1’”46 .
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