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Research on Laser Cladding Forming Process of Circumferentially
Inclined Thin-Walled Cylinders

Sun Jiayu™, Yu Tianbiao®, Zhao Yu, Yang Lin, Guan Chuang

School of Mechanical Engineering and Automation, Northeastern University, Shenyang , Liaoning 110819, China

Abstract The relationship between circumferential offset and inclination angle is obtained via the establishment of
the model of the circumferential thin-walled cylinder. By the optimization of circumferential offset angle and based
on the laser cladding net shaping technique, a circumferential cantilever thin-walled cylinder with stable structure
and relatively small errors in height and width is obtained. The results show that the requirements of cladding can be
met when the offset angle is 0. 75° and the inclination angle is 25. 95° of cladding specimens. In addition, the
circumferential deviation of 0.11 mm and Z-axis increment of 0.224 mm are the optimal process parameter set.
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Fig. 1 Experimental setup. (a) Schematic; (b) equipment
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FIBEE | 3805 22 F 7K 2 2L g ) R 18 38 % 4 B Table 1 Parameters of cladding experiment
A B 1400 B K FIHL; AR 3738 R AR R Parameter Value
A B0 R T E R R B RO AR A Laser power /W 350.000
BRLJA ) A g RS2 ) Y4 78 Sk 5 20 X T il Scanning speed /(mm + s 1) 000
N R o i A Powder feed rate /(g + min~ ') 11.650
T i R FH B B ke RO G HOR A BR A | A 5 Shielding gas flow rate /(L » h™) 15.000
() RC-PGF-1 S fay 5 AL 200 By 45 5 o8 S IR B0 3% Z-axis increment /mm 0.224
HEE IPG A FE A 771 YLR-500 BIGLF OGRS . Height of first layer /mm 0.316
2.2 SIS Radius of powder jet /mm 0.093-0.150

WSS RONE 1, Radius of laser beam /mm 1.000

ST 45 EARAE N ILAMRL, 3161 A IE Sk Density of powder /(kg * m™*) 4520.000

H2 B16L RERBR ML RIS H )
Table 2 Chemical compositions of 316 stainless steel powder (mass fraction, %)
Element C Cr Si Ni Mn Fe
Theoretical value 0.050 12.00-16.00  2.00-3.00  0.30-0.80  10.00-15.00  0.80-1.60 Bal.
Measured value 0.03 18.62 2.53 0.54 12.72 1.35 Bal.
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Fig. 2 Schematic of cladding model. (a) Front view; (b) left view; (c¢) top view
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Table 3 Offsets obtained by two methods
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
B/ 0.25 0.50 0.75 1.00 1.25
AY, /mm 0.04 0.07 0.11 0.15 0.18
AY, /mm 0.04 0.09 0.13 0.17 0.22
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Fig. 3 Schematic of cladding. (a) Strategy; (b) reverse scanning method; (c) measurement method
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Fig. 4 Morphologies of cladding specimens under different offset angles.
(a) 0.25%; (b) 0.50%; (¢) 0.75%; (d) 1.00%; (e) 1.25°
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Table 4 Theoretical value and experimentally measured value

Item Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
AZ /mm 0.224 0.224 0.224 0.224 0.224
B/ 0.25 0.50 0.75 1.00 1.25
AY /mm 0.04 0.07 0.11 0.15 0.18
ay /(%) 9.38 18.05 25.95 33.10 39.10
H, /mm 4.572 4.572 4.572 4.572 4.572
H /mm 4.63 4.60 4.58 4.29 4.04
8 /% 1.27 0.61 0.17 6.17 11.64
bo 1.80 1.80 1.80 1.80 1.80
b /mm 1.75 1.78 1.82 1.77 1.89
o /% 2.78 1.11 1.11 1.67 5.00
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Fig. 5 Errors in width and height of specimens

under different offset central angles
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