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How deep is the laser weld?

Image: Galbraith, Queen’s 



How deep is the laser weld?

Image: Galbraith, Queen’s 

Need a measuring stick!

IPG Photonics Inc.

A lot of welds in your electric car…
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Image as fast as your
Spectro: .. array 
camera can go!
Swept-source: .. light 
source can scan!
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See also:  A. F. Fercher et al., Rep. Prog. Phys. 66: 239-303 (2003).



mild steel, 40 mm/s scan speed, argon cover gas

P. Webster et al., Optics Letters 39: 6217-
6220 (2014).

Verification with destructive cross-sectioning
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316L SS

Laser



Is it just noise?

316L SS

Laser

6061 Al

Laser



Lead: Tristan Fleming. In collaboration with Peter Lee, UCL
Synchrotron: Advanced Photon Source, Argonne National Laboratory



Aluminum 6061
872 W CW @1070 nm
scan speed 150 mm/s 

Fleming et al., under review



316L SS

Laser 1070 nm

Reflectance 60-70%



with Wenkang Huang, Wenda Tan [Utah], 
Jack Tanner, Brian Simonds [NIST]

Allen et al, Physical Review Applied 13, 064070 (2020)
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virgin powder

denudation

melt solid

Kanko, Sibley, and Fraser, J. Mat. Proc. (2016)



Powder layer After melting

Denudation 

Tristan Fleming et al., Additive Manufacturing 32, 100978 (2020)



Ablate protrusions and fill in holes

Tristan Fleming et al., Additive Manufacturing 32, 100978 (2020)



Starts from a problem

Optical measuring stick

Improve our understanding of the process Feedback control
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316 Stainless Steel 6061 Aluminum

316 SS 6061 Al

• Immediate keyhole formation

• Rapid initial keyhole growth

• Depth appears as diagonal 

streaks

• Delayed keyhole formation

• Sporadic keyhole growth with 

temporary pauses

Laser Laser



0.92 MW/cm2

316 Stainless Steel on 6061 Aluminum

• Immediate keyhole formation

• Rapid initial keyhole growth

• Slow, stable keyhole growth

• Completely unlike Al or SS

Al

SS

Laser
In SS

In Al



Allen et al, Physical Review Applied 13, 064070 (2020)



1250 1300 1350 1400
0

0.2

0.4

0.6

0.8

1

Lambda (nm)

Broadband 
light source

Spectrometer / 
detector

z0

zR

zR+ zi

𝐼𝑠𝑝𝑒𝑐 𝑘 = 𝐴(𝑘)
𝐼𝑟𝑒𝑓

2
+
𝐼𝑖
2
+ 𝐼𝑟𝑒𝑓𝐼𝑖cos 𝑛𝑧𝑖𝑘

𝐼𝑏𝑎𝑐𝑘 𝑘 = 𝐴(𝑘)
𝐼𝑟𝑒𝑓

2
+
𝐼𝑖
2
− 𝐼𝑟𝑒𝑓𝐼𝑖cos 𝑛𝑧𝑖𝑘

Faleh Altal, Troy R. Allen, Stephen G. L. 
Nestor, Tristan G. Fleming, and James 
M. Fraser, Applied Optics 58: 1614-
1620 (2019)

inz
k

2
=


