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Effect of Scanning Direction on Microstructure and Mechanical Properties of
Part Formed via Variable Thickness Layer Cladding Deposition

Zhou Xianxin, Xin Bo, Gong Yadong”, Zhang Weijian, Zhang Haiquan

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

Abstract To investigate the anisotropy of the tensile strength caused by laser cladding deposition, the influence of
the scanning direction (from high to low and from low to high) on the microstructure and mechanical properties of
the ramp’s thin-walled part is explored based on the variable thickness cladding layer deposition. Tensile strength
and hardness at different positions on the ramp's thin-walled part are tested, and its microstructure is analyzed by
comparing it with that formed via uniform thickness cladding layer deposition. Results show that the grain growth
direction in the longitudinal section is affected by the scanning direction when variable thickness cladding layer
deposition is used. Furthermore, the grain growth direction and scanning track influence the tensile strength at
different positions of the thin-walled part. Tensile strength anisotropy can be obviously reduced by depositing the
variable thickness cladding layer in the scanning direction from low to high. In the horizontal direction, the change

in hardness is consistent under different scanning directions. Additionally, variable thickness cladding layer

deposition changes the maximum hardness distribution of the thin-walled part.
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Table 1 Chemical compositions of 316L stainless steel

Element C Mn P S

Si Ni Cr Mo Fe

Mass fraction /%  <C0.03 <2 <0.045

<£0.03

<1 10-14 16-18.5 2-3 Bal.

# 2 E L Ry

Table 2 Chemical compositions of substrate

Element C Si Mn P S

Mass

fraction /%
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Fig. 1 Principle of laser cladding deposition
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Fig. 2 Deposition methods. (a) Uniform thickness deposition (from high to low); (b) variable thickness

deposition (from high to low); (c¢) variable thickness deposition (from low to high)
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Table 3 Process parameters of laser cladding deposition

Variable Uniform
Parameter thickness thickness
cladding cladding
Laser power /W 1000 1000
Scanning speed /(mmemin~') [360, 480] 420
Powder flow rate /(gemin ') 13.95 13.95
Z increment /mm [0.50, 0.62] 0.56
2.0 e 50
1.6} e —— linear fitting result- -

-, ——
—— e
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Width /mm
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Fig. 3 Effect of scanning speed on height and

width of cladding layer
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Fig. 4 Selected location and dimension of tensile part
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Fig. 6 Microstructures. (a) Cross section; (b) longitudinal section by uniform thickness deposition (from high to low) ;

(c) longitudinal section by variable thickness deposition (from high to low); (c¢) longitudinal section by variable thickness

deposition (from low to high)
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Table 4  Tensile strength and elongation of tensile part at different positions under different deposition strategies
Tensile /MPa (elongation /%)
B/ Uniform thickness Variable thickness Variable thickness
deposition Chigh to low) deposition Chigh to low) deposition (low to high)

0 654.0 (44.2) 666.7 (40.9) 680.0 (46.4)

45 571.7(55.2) 472.8 (54.4) 624.3 (56.5)

90 478.0 (53.9) 644.0 (42.93) 596.0 (57.8)

Difference
176.0 193.9 84.0

(tensile strength) /MPa
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Fig. 7 Fracture morphologies obtained by scanning electron microscope. (a) Macro fracture morphology of tensile sample;

(b) fracture morphology obtained by scanning electron microscope with low magnification; (¢) fracture morphology

obtained by scanning electron microscope with high magnification
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Fig. 8 Plots of hardness. (a) Horizontal direction; (b) deposition direction
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Fig. 9 Pore distributions at different positions of ramp’s thin-walled part. (a) Bottom; (b) edge
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