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1. Introduction 

 

Underwater laser cutting technology associated 

with a high-power fiber laser can be suitable 

candidate as a dismantling tool in nuclear 

decommissioning site owing to the ability of remote 

manipulation and the small production of secondary 

waste. In the view of a technical point, underwater 

laser cutting intrinsically uses the pressurized gas jet 

discharging from a small-diameter nozzle to 

construct the column filled with air in the underwater. 

The constructed column serves the safe path for a 

high-powered laser beam to propagate into water 

environment to minimize possible laser energy loss 

by the absorption of water. After passing through the 

column, the laser beam heats up the steel specimen 

above melting point. The gas jet also contributes to 

blowing out the melted outside the specimen. 

Therefore, it is noted that the thrust force of gas jet 

discharging from the cutting nozzle is significant in 

safely guiding the laser beam as well as blowing out 

the laser-produced melt in water environment. [1] 

In this study, supersonic nozzle was newly 

designed to be effectively operated at very high 

stagnation pressure of 15.0 MPa. [1] The 60-mm-

thick stainless steel was cut to examine the cutting 

performance of newly manufactured nozzle using 6 

kW laser beam.  

 

 

 

2. Experimental Setup 

 

Fig. 1 shows experimental setup of the laser 

cutting experiment. [2] The long process fiber (core 

dia.: 100-  m) delivers a 6 kW laser 

beam produced by fiber laser (IPG YLR-6000, = 

1070 nm) system into cutting head.  

 

 
Fig. 1. Experiment setup for underwater laser cutting. 

 

Cutting head is made up of collimation (f = 160 

mm) and focusing (f = 600 mm) optics in order to 

effectively focus the high-powered laser beam 

toward steel specimen. [2] The flexible pipe lines and 

supersonic nozzle (See Fig. 2.) is coupled with 

cutting head to effectively discharge the compressed 

air toward stainless steel specimen (SUS 304L). 

Before cutting head immersing in the water tank, the 

compressed air is continuously discharged from the 

nozzle to protect the penetration of water inside 

cutting head. The compressed air with a gauge 

pressure of approximately 1.5 MPa was used in this 

experiment. The cutting head is spatially translated 

by an X-Y-Z stage controlled by computerized 

numerical control. 
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3. Result and Discussion  

 

Fig. 2 presents underwater cutting scenes of 60-

mm-thick stainless steel captured in time order. 

Initially, compressible air is discharged from 

supersonic nozzle with 1310 L/min mass flow rate. 

The throat diameter of supersonic nozzle was 3.0 mm.  

 

 
Fig. 2. Underwater cutting scenes in time order. 

 

The stand-off distance (the distance between the 

nozzle tip and the top surface of the steel plate) was 

set to be 10 mm. The focal point of laser beam is 

located inside specimen (F: - 12.3 mm). The entire 

laser-cut length is 40 mm. Initial cutting speed until 

10 mm of the cut was set to be 5 mm/min and then 

cutting speed was increased for the remainder of 

30 mm cut. Complete cut was observed at 50 mm/min 

cutting speed.  

 

4. Conclusion 

 

The 60-mm-thick stainless steel was successfully 

cut using designed supersonic nozzle to be 

effectively operated at high stagnation pressure of 15 

MPa.   
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