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Introduction - Industrial Drivers

ÅTitanium alloys

ïspecific strength, corrosion resistance, galvanic 

compatibility, fatigue resistance

ÅFinancial and environmental  pressures

ïincreasing use of titanium (military and civilian)

ïBoeing 787 18%1 Ti alloys / Boeing 777 was 8%1

ïF35 JSF 35%2 Ti alloys / F4 was 9%2

ÅApplications

ïlanding gear, wing structures, military wing boxes, 

gas turbine engines

1J.P.Byrne, Conference Proceedings, 22nd Annual International Titanium Association
2B.Hill, Titanium Use in Aerospace Applications, Industrial Heating, 2007



Introduction - Industrial Drivers (2)

ÅCurrent manufacturing techniques

ïcastings and forgings, machining from bulk solid 

ïvarious welding techniques

ÅLaser welding

ïnon contact process

ïfibre optic delivery (1µm)

ïlow heat input

ïhigh processing speeds



Introduction ïPorosity Formation

Åsoluble gases dissolved in the weldpool are rejected

Åinsoluble gases or metal vapour become trapped in the 

weld metal ïkeyhole instability

Åspherical, <0.5mm diameter, no effect on tensile 

properties or toughness

Åfatigue life is lowered by porosity on dressed welds

Figure 1: Porosity - transverse and longitudinal section of a Ti-2.5Cu laser weld, 

and SEM image



Introduction ïPorosity Formation (2)

ÅPlume

ïwavelength dependent

ïmetal vapour (50nm Ti particles)

ïattenuates laser beam

ïkeyhole instability

ÅArgon side jet

ïdisperse formation of plume

ïstabilises the keyhole
Figure 2: Schematic representation of keyhole 

laser welding process
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Introduction ïWeld Quality Criteria

ÅAWS D17.1:2001

ïcriteria for porosity, underfill, undercut

ïnot specific to titanium alloys or LBW

ÅMore stringent company specific standards3

Figure 2: Maximum accumulated length of porosity in any 

76mm weld length3

Figure 4: Weld profile criteria3

1Hilton P. A. et al: ICALEO 2007
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Equipment and Materials

Å4kW cw lamp pumped Nd:YAG 

(1µm) laser

ÅKawasaki 6-axis robot

ÅPureshield argon ïface and 

root

ÅArgon side jet

Å3.2mm thick Ti-2.5Cu

Å3.2mm thick Ti-6Al-4V

Figure 5: Experimental Set-up



Experimental Programme

ÅThe effect of a number of parameters on internal 

weld quality were examined

ïweld power, welding speed, focus, directed gas jet 

parameters

ÅDirected jet of Ar reduced weld metal porosity and 

gave a desirable weld profile

ïwithin AWS class A and company specific standards

ïvery sensitive to set-up

ïin-line with previous findings



Experimental Programme (2)
óHigh-Lowô DoE (3 repetitions)

ÅRange and noise determined from 

initial trials

Led to a 2nd DoE ï3 level factorial

ÅRange determined from 1st DoE

Figure 6: Plume control parameters included 

in parametric study
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Results - Porosity

Accumulated Length of Porosity by Pore Diameter
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Figure 10: Subsurface porosity results for welds produced with and without Ar

side jet



Results ïWeld Profile

Ti-2.5Cu no side jet

Ti-2.5Cu with side jet Ti-6Al-4V with side jet

Ti-6Al-4V no side jet


