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Abstract

Thick 304 Stainless Steel
L1 Qian

Experimental Research on Fiber Laser Underwater Cutting of 1 mm
Sun Guifang Lu Yi

Zhang Yongkang
School of Mechanical Engineering, Southeast University, Nanjing, Jiangsu 211189, China

Laser underwater cutting of 1 mm thick 304 stainless steel is demonstrated by a fiber-transmitted laser
beam aided by high pressure argon gas. In order to evaluate cutting efficiency and quality via average kerf width,

laser underwater cutting is carried out by changing the parameters of laser power, cutting speed, thickness of the

water layer, salinity and temperature of the water. On a macro level, lower laser power, faster cutting speed and

1

thicker water layer decrease laser cutting efficiency and quality. Meanwhile, high salinity and low temperature of

E1—1

water decrease laser cutting efficiency as well. On a micro level, metallographic structure and microhardness of the
those of the middle part of the fusion zone, HAZ and substrate are 165.1, 124.6 and 223.4 HV, respectively.

fusion zone, heat affected zone (HAZ) and substrate are different. Nucleation is detected on the surface of fusion
Key words

zone. High laser power density promotes crystal grain growth. The microstructure in HAZ is coarse.
OCIS codes
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The
microhardness of HAZ is lower than that of the substrate and fusion zone. Microhardness of the outer surface of the

laser technique; laser underwater cutting; microstructure; stainless steel

fusion zone is 242.8 HV with some oxidized zone showing a hardness of 963 HV, 4.3 times of the substrate. Whil
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Fig. 1 Laser underwater cutting process
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Table 1 Chemical composition of 304 stainless steel (mass fraction, %)

C Si Mn P S Ni Cr Fe
0.07 0.46 0.78 0.032 0.006 8.10 18.32 Bal.
KT U I T R A B AR O (B R TR B SR TED L B B SR 1 5 MPa. SRR EOLK T U1
KSR 2 Fron b B iR IR R 2 8. & 3 3.506 . /Kl 10 °C.
2 HWOLKTUHKE S

Table 2 Laser underwater cutting experimental parameters

Water layer Laser power Cutting speed P/V value
Specimen  Temperature /°C Salt /%
thickness /mm P /kW V /(mm/min) /[W/(mm/s) ]
Al 20 0 5 1.5 100 900
A2 20 0 B 1.5 150 600
A3 20 0 5 1.5 200 450
A4 20 0 5 1.5 250 360
A5 20 0 S 1.5 300 300
A6 20 0 5 1.5 350 257.1
A7 20 0 5 1.5 400 225
Bl 20 0 S 1.3 100 780
B2 20 0 B 1.3 150 520
B3 20 0 5 1.3 200 390
B4 20 0 5 1.3 250 312
B5 20 0 5 1.3 300 260
C1 10 3.5 5 1.5 100 900
C2 10 3.5 5 1.5 150 600
C3 10 3.5 ) 1.5 200 450
C4 10 3.5 5 1.3 100 780
D1 10 3.5 0 1.5 100 900
D2 10 3.5 7 1.5 100 900
D3 10 3.5 10 1.5 100 900
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Fig. 2 Average kerf width of specimens under different powers and cutting speeds
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Fig. 4 Macroscopic kerf surface of specimen Bl1~B5
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B 7 SOt o B d i a R m 3h 1) . YEOE R ELO AL A M S E ] N gL B 7 ()

IRFRLIE B i 2% A ki LE Bl BEAR B SR Bl o 32 R T 5K 18 L s B A AL E . B 7 (h) b IR
PLIEL, peihbty C AT Le B A3 b6 ™ 5. B U8 Rl ) i 52 T ) AU R D s2 i i 3h 21 C R0 E . AT IE A
P 5 Y J s SO

B 7 KSR R sh . () FEH IR s (b) 4 3t 8 1 1]
Fig. 7 Direction of melting material flow. (a) Top view of fusion pool; (b) sectional view of fusion pool
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Fig. 8 Average kerf width of specimens under Fig. 9 Macroscopic kerf surface of specimen C1~C3
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Table 3 Average kerf width under different water layer thicknesses

Water layer thickness /mm 0 5 7 10

Average kerf width /mm 2.08 1.68 Not cut through
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Fig. 10 Macroscopic kerf surface of specimen D1, Al, D2, D3
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Fig. 12 Crystal grain size of fusion zone in different specimens
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Fig. 13 Relationship between crystal grain size and P/V value
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Fig. 14 Microhardness distribution of cross-section of specimen C2
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