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¸ Introduction

¸Welding processes

¸Macrograph of weldment

¸OM experiment

¸Tensile experiment
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Introduction

¸Gas tungsten arc welding, GTAW(TIG)

¸Laser beam welding, LBW

¸Defect after welding
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Introduction (1 -1)

Characteristic LBW EBW RW PAW GTAW FRW CO2W AW

Quality Good Excellent Fair Average Fair Average Poor Poor

Speed Fast Fast Medium Medium Medium Medium Slow Slow

Depth Deep Very deep Shallow Medium Medium Shallow
Very 

shallow

Very 

shallow

Deformation Low Low Medium Low High High High High

Different metals Yes Yes Hard Hard Hard Yes Hard Hard

Shape No limit Limited No limit No limit No limit Limited No limit No limit

Automation Excellent Fair Good Fair Fair Average Fair Poor

Equipment cost High Very high Low Medium Low Medium Low Low

Success rate High Very high Low Medium Low Medium Medium Medium

Maintenance cost Medium High Medium Low Low Medium Low Low

Fixture cost High Very high Medium Medium Medium Medium Medium Low

Solder demand No No No No Both No Yes Yes

¸Conparison of different welding processes

Ref:Ể ȳ ḟӅȳ ȳ ѝ ȳ ᶳѝȲɷ ҒЏᶾ
њҌɷȲЏ ᶾ ṅשׁ Џ ṅἬȲӖשׁ ȴד78
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Introduction (1 -2)

¸What is inert gas tungsten arc welding?

Ref: H. B. Cary, Modern Welding Technology, Fourth Edition, Prentice Hall, (1998).

Inert gas tungsten arc welding principle
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Introduction (1 -3)

¸GTAW current type and characteristic

Current Type DCSP DCRP AC(Balanced)

Electrode

Polarity

Electron and Ion 

Flow Penetration 

Characteristics

Oxide Cleaning 

Action

Heat Balance in the 

Arc(Approx.)

Penetration 

Electrode 

Capacity

Negative Positive 

No Yes Yes-Once Every Half 

Cycle

70% At Work End 

30% At Electrode End

30% At Work End 

70% At Electrode End

50% At Work End 

50% At Electrode End 

Deep ; Narrow Shallow ; Wide Medium

Excellent

e.g.,1/8in.(3.2mm)-400A 

Poor

e.g.,1/4in.(6.4mm)-120A 

Good

e.g.,1/8in.(3.2mm)-225A

Ref:Ể  ȳ ȳ Ѹ ȳ Ҷ Ȳ Ȳԓ ῖԌצ еҨȲ(2007).
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Introduction (1 -4)

¸The advantages of GTAW

Ref:Ể  ȳ ȳ Ѹ ȳ Ҷ Ȳ Ȳԓ ῖԌצ еҨȲ(2007).

ÉWelding slag and spatter does not matter.

ÉFor Corrosion resistance or difficult-to-weld 

materials.

ÉThe filler is not Necessary, and this welding 

method suit for welding thin materials.

ÉExcellent quality of welding.
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Introduction (2 -1)

¸Process of laser welding

Ref: W. J. Wittemen, òThe CO2Laserò Wiley-IEEE, pp. 35-42 (1987). 

After welding
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Introduction (2 -2)

¸The advantages of CO2 LBW

Ref: ѵ Ȳ Ȳ Ӵ еҨȲӖ86ȴ

É High energy density; focalization; deep penetration
É Small HAZ (Heat Affected Zone).
É Fast welding rate.
É Applying for complex structure welding; high precision 

and high quality.
É Applying for hetero-material and non-metal welding.
É Non-contact welding; less influence from magnetic field.
É No filler and vacuum environment necessary.
É Automatic production.
É Good mechanical properties after welding.
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Introduction (3 -1)

¸Defect after welding ( International Welding Institute, I. I. W. )

É100type - cracks 

É200type - cavities 

É300type - solid inclusions 

É400type - incomplete fusion or penetration

É500type - imperfect shape

É600type - miscellaneous defects

Serious

Ref: Ể  Ȳ ᶾ Ȳ Ӵ Є Џ Ṏ ṆȲ Џ ȴ



F. H. Chen, דּ -11-

Welding processes (1-1)

Zr + Hf

Min.

Hf

Max.

¸Chemical Composition of Zr702, wt. Percent

Fe+Cr
O

Max.

N

Max.

H

Max.

C

Max.

0.005702 R60702 99.2 4.5 0.2

max
0.16 0.025 0.05

Alloy   UNS 

¸Mechanical properties of Zr702

Mechanical 

properties 

Tensile strength

(MPa) 

Yield strength

(MPa) 

Elongation

(%) 

standard value

Retest value

Ó 379 Ó 207 Ó 16

468 395 30


