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1. Introduction 

 

A high-power laser can cut thick metal at high speed, 

while generating almost no reaction force. Additionally, 

laser cutting can be remotely operated through fiber 

delivery. Due to these significant advantages, there are 

ongoing attempts to apply laser cutting to the 

dismantling of nuclear facilities [1-15].  

In traditional laser cutting, the cutting operation is 

performed by approaching the target object to be cut 

closely, aiming to minimize the size of the focused lase 

beam and efficiently remove the melted material using 

assist gas. However, in the complex structure of a 

nuclear facility, there might be instances where the 

cutting head cannot get close enough to the target object.  

In this study, a fundamental experiment was 

conducted to assess the feasibility of laser cutting in 

scenarios where getting close to the target ins not 

possible. The long-distance applicability of laser cutting 

was experimentally confirmed by conducting tests on 

stainless steel plates. The tests involved cutting the 

specimens at a distance of more than 300 mm.  

 

2. Experiment 

 

A 6-kW fiber laser served as the cutting light source. 

The cutting head was composed of a collimation lens 

with a focal length of 160 mm and a focusing lens with 

a focal length of 600 mm. The specimens used for the 

experiment were 304L stainless steel plates with a 

thickness of ranging from 10 to 30 mm. For the assist 

gas ejection, a supersonic nozzle with a throat diameter 

of 3 mm was utilized. Compressed air was employed as 

the assist gas, with a gauge pressure of ~1 MPa, and 

ejected gas had a flow rate of 450 L/min. 

During the experiments, the maximum cutting speed 

for each thickness of the specimen was determined by 

increasing the stand-off distance from 300 mm to 700 

mm. The cutting was considered a failure if it did not 

completely cut through the specimen, and it was deemed 

successful only when the specimen was fully separated 

after cutting.  

Figure 1 shows the front, rear surfaces of the 

stainless-steel plates cut at the maximum cutting speed 

for the stand-off distance of 300 mm. At the stand-off 

distance of 300 mm, it was confirmed that the 10 mm, 

20 mm, and 30 mm thick stainless-steel plates were all 

successfully cut. 

For the 10 mm and 20 mm thick stainless-steel plates, 

all cuts were successful across stand-off distances 

ranging from 300 mm to 700 mm. It was anticipated that 

cutting would also be feasible at a distance of ~1 m 

based on the observed cutting trend for these 

thicknesses. However, for the 30 mm thickness, cutting 

was only achievable up to a stand-off distance of 500 

mm, and no successful cuts were obtained beyond that 

point. Nevertheless, it was confirmed that long-distance 

cutting from 300 mm to 500 mm is possible for the 30 

mm thickness. 

 

 
Fig. 1. Front, rear surfaces of the stainless-steel plates cut at 

the maximum cutting speed for the stand-off distance of 300 

mm. The thickness of the specimens: (a) 10 mm, (b) 20 mm, 

(c) 30 mm. 

 

In nuclear decommissioning, measuring the kerf 

width is crucial as it serves as an indicator of the amount 

of secondary waste generated. In short-distance laser 

cutting, the kerf width can be as small as 1 mm. 

However, in long-distance cutting, the kerf width tends 

to widen, resulting in average kerf width ranging from 6 

mm to 16 mm. 
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3. Conclusion 

 

In conclusion, the feasibility of long-distance laser 

cutting in nuclear decommissioning was successfully 

confirmed through experiments using a 6-kW fiber laser. 

Stainless-steel plates with thicknesses ranging from 10 

mm to 30 mm could be effectively cut at stand-off 

distance of 300 mm or more. For 10 mm and 20 mm 

thickness, cutting was achieved up to 700 mm stand-off 

distance, and it was predicted that cutting would be 

possible at a distance of 1 m. However, for 30 mm 

thickness, cutting was limited to a stand-off distance of 

500 mm.  

The average kerf widths ranged from 6 mm to 16 mm, 

slightly wider than those in short-distance cutting. 

Nonetheless, it is expected to be a viable and suitable 

method for complex structures that are difficult to 

approach in nuclear facilities. 
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