OxyAcetylene Welding (OAW)
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TABLE 3.1 Flame Temperatures and Other Key Features for Various Oxyfuel Gas
Welding Processes

Specific Volume to
Gravity”  Weight Ratio®

Oxygen-to-Fuel Gas
Fuel Gas Formula  Air=1 fi’/ilb  mikg Combustion Ratio?

Acetylene C,H, 0.506 14.6 091 2.5

Propane C,H, 1.52 8.7 0.54 5.0
Methylacetylene- C,H, 1.48 8.9 0.55 4.0

propadiene (MPS)?
Propylene C;H, 1.48 8.9 0.55 4,5
Natura] gas CH, 0.62 M4 144 0

(methanol)
Hydrogen H, 0.07 Flame Heat of Combustion

Temperature

"At 60°F (15.6°C). for Oxygen* Primary Secondary Total
*The volume units of oxygen required to comple
the oxygen is obtained from the atmosphere. °F o Btu /'ft3 MJ ’,ms Btu ms MJ /m3 Btu Xfta MJ /mJ

“The temperature of the neutral flame.

5589 3087 507 19 963 36 1470 335
4579 2526 255 10 2243 94 2498 104
5301 2927 571 21 1889 70 2460 21
3250 2900 438 16 1962 73 2400 89
4600 2538 11 0.4 989 37 1000 37
4320 2660 325 12

9May contain significant amounts of saturated hydrocarbons.

Source: Welding Handboak, Vol. 2: Welding Processes, 8th ed., edited by R. L. O’Brien, published
in 1991 by and used with permission of American Welding Society, Miami, FL.
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FUEL GAS  coNTROL VALVES

TORCH HANDLE
{a)

TORCH HEAD
MIXER

2 5.t d SIS RIASLIIS
AR S

r ;- ‘&. S A ——
R e R
.\\iﬁ. R\ \\\\\\\\‘ fffff -
N {G“t.ﬁ“\ CROSS-SECTIONAL VIEW OF MIXING CHAMBER
WX ® OXYGEN ENTERS AT O FUEL GAS ENTERS THROUGH A

NUMBER OF PORTS @ AROUND THE OXYGEN PORT @
THE GASES MiX TOGETHER AS THEY FLOW TO THE TIP




WELDING TORCH

2 pipes gas hoses

gas on/off valves

oxygen blast trigger
gas hoses

e
oxygen blast valve
\ The nozzle can be unscrewed.

gas valves

CUTTING TORCH

The extra pipe is for the oxygen blast which helps to burn
and blast the melted metal out of the cut.
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Gas torch

Aceiylene feather

inner cone of primary
2800-3500°C combustion

Outer flame of secondary
combustion {(envelop}




Acetylene Burning in Atmosphere

Open fuel gas valve until smoke clears from flame.

Carburizing Flame




Neutral Flame

(Acetylene and oxygen.) Temperature 5589 F (3087 C). For fusion welding of

steel and cast iron.

Oxidizing Flame

(Acetylene and excess oxygen.) For braze welding with bronze rod.
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NVEBW: Principle

NVEBW: Non Vacuum Electron Beam Welding

Shielding agains X-radiation

Beam generator
" hagh vacuum

Beam generation Divergence of

lectron beam

IN 1OWer vacuum

Beam decoupling

max. beam power: 25 k'W
max beam current 120 mA
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S. No. EBM Type Vacuum Working | Thickness | Systems Special
Pressure distance range for power Applications
limit single pass level
weld
1. Hard vacuum | 0.013 Pa | Upto 750 A few 1-25 kW Gives best
process mm thousand properties when
Angestrom in
to 225 mm
2. Soft vacuum 13 Pa Upto 300 | Upto50 mm | 15 kW
process mm
3. Non-vacuum 1 atm 25 mm 13 mm
‘




EQUIPMENT AND TECHNOLOGY FOR
ELECTRON-BEAM WELDING




Electrom Beam




NVEBW: Principle
NVEBW: Non Vacuum Electron Beam Welding

Shielding agains X-radiation

Beam generator
N gh vacuum
Beam generation

Divergence of
alectron beam

N 1OWer vacuum
Beam decoupiing

max. beam power: 25 kW
y Mmax beam current 140 mA
high voltage: 175 kV
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Cross-section of Cross-sectio-
conventional weld

electron-beam or
laser-beam weld bead
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LBW (refected)
D

SMAW or FCAW GMAW

A

Figure 3.36 Schematic comparison of typical EB, LB, and conventional arc (e.g., GTA,
GMA, SMA, FCA, or SA) welds.
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Figure 4.5 Schematic of a typical roll welding process producing clad metals.
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A summary of ultrafine-grained microstructures produced via FSW/FSP in aluminum alloys

Matenal Plate Tool geometry Special cooling  Rotation  Traverse Grain
thickness rate (rpm) speed S1Ze
(mm) (mm/min) (pm)
2024A1-T4 6.5 Threaded, cylindncal Liquid nmitrogen 650 60 0.5-0.8
1050A1 5.0 Conical pin without thread N/A 560 155 0.5
TOT5AI 2 N/R Water, methanol, 1000 120 0.1
dry 1ce
Cast Al-Zn-Mg-5c¢ 6.7 Threaded, cylindncal N/A 400 254 0.68
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Sufficient downward force

to maintain rvlistered contact

Leading edge of the _
tool shoulder —_ =

=] ¢ Trailing edge of
i5js the shoulder

Reversal Technique in FSW

Two passes from two sides
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FSW parameters and tool materials for FSW of steels

Materials to Plate Tool Tool traverse Tool materials
be welded thickness rotation speed
(mm) rate (rpm) (mm/min)
12% Cr steel 12 - 240 -
Low carbon steel 12, 15 - 102 -
AISI 1010 6.4 450-650 25-102 Mo and W-based alloys
304L 32,64 300, 500 102 W alloy
304 6.0 550 78 Polycrystalline cubic boron
304L, 316L 5, 10 300-700 150, 180 —
Al 6XN 6.4, 12.7 - 102 W alloy
HSLA-65 6.4, 12.7 400-450 99-120 W
DH-36 6.4 — 102-457 W alloy
C-Mn 6.4 - - Polycrystalline cubic boron nitride
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Transverse tensile properties of FSW welds in various steels at room temperature

Materials Conditions UTS (MPa) YS Elongation Reduction
(MPa) (%) in area

12% Cr steel Base metal = — = =
FSW welds 539-541 - - -

Low carbon steel Base metal — — — —
FSW welds 453457 — = =

AIST 1010 Base metal 463 310 33.9 22
FSW welds 476 331 22 31

304L Base metal 483 172 — —
FSW welds 621 340 — —

HD-36 Base metal 579 428 - -
FSW welds 624 566 - -

HSLA-65 Base metal 537 448 20 —
FSW welds (12.7 mm) 569 493 30 =
FSW welds (6.4 mm) 569 483 18.5 -

C—Mn steel Base metal 248 204 0.5
FSW welds 179 151 2.6

GMA welds 136 126 5.5
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Optical micrograph Phase map

I Boundlary levels: 15°3° . —
3600 um = 60 steps  Phase 36 00 pm = 60 sleps  Phase




