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Impact of Z-Increment on Microstructure and Mechanical Properties of
Laser Cladding Forming Parts

Xin Bo, Zhou Xianxin, Gong Yadong”, Zhang Haiquan, Li Tianhong

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

Abstract Thin-wall parts of 3161 alloy are fabricated with different Z-increments using the powder-feeding laser
metal deposition technology. The microstructure and mechanical properties such as the grain size, re-melting depth,
and anisotropy of the tensile property of the thin-wall parts are explored at different positions. Moreover, the grain
morphologies and growth directions of a single-pass cladding layer and the thin-wall parts are investigated. Based on
the microstructure with different Z-increments, the tensile strength and elongation in different directions of the thin-
wall parts are analyzed. The results demonstrate that for different Z-increments, the grain morphology of the thin-
wall part is mainly columnar, which differs from that of the single-pass cladding layer. In addition, the growth
direction of the columnar grain is different in different regions. There is a nonlinear relationship between the Z-
increment and the grain size. The growth direction and size of the columnar grain of different Z-increments affect
the anisotropy of the tensile property of the thin-wall parts.
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Table 1 Chemical composition of 316L stainless steel

Element C Mn P

S

Si Ni Cr Mo Fe

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

<20.03

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

AN NSRS

Table 2 Chemical composition of the substrate

Element C Si

Mn P S

Mass fraction /%

0.14-0.22 0.3

0.30-0.65 0.045 0.050

22 ZXWAHE
HERGE Z B T OGO 2 1O 4
L5 PR RE s e LA L T T Z B TR A A
HRERAL, ETHARELR,LH T 2ZSHEE
WF L WOE T F Ny 1000 W, %8 3 R 12 g/min,
A E o 360 mm/min CFE 3T R 33 B A AR FE A
DI ETiy =W R R NS N B = S 1]
Omm, EFHSHALS T, LREBEIZREN
1.2 mm., K BRE A 3 2 i B DU A 4y I 1Y Z il
Hr94 0.3,0.6,0.9,1.2 mm, FEURT R,
BEEEEL ERKREE H DK Z fiigFia AZ

SAHZN R FR N
L,=G—DAZ—(H +H,+H,++H,_),
i=1,,N, (D

A N A T AR A 2

BRI AL HEBUR L R AL s R RO 4 i e
PR AR . RS (D Xl 5 )2 B
M AR R . 2 Z B4R TH i 4F T RIS LR (9
FE1.2 mmit . B REOYE 2 i ik h 0 B TR
B FR L IR AN IR R S B0 RE R E L4k 2280 s 4
Z RhARTH /N T BOE KBRS R — R B
JZ i fa i o 1 S BURTSOE BB R D
B s B = O HE R R s AR AL, R
Fad pl/ D B — 2 B 72 OB AR R LB OE 1
B BLZ W S Z 4R T Ak 2 P AR A
P AR SCHESE T Z il 48 71 5 19 =4~ 7K P (0.3,

0.6,0.9 mm), - ZWEHI G 1~3 2B EZZFEN
Je ¥ A Bt B £R A R R, ORIE S 56 T RE 4 19
F O .

i AR o A A 7k A R AR R OLS4100
3D ot T AR OB LA T BE 1 I SO A1 2L, AR
PEEFR GB/T 228.1—2010 & i 09 i i B i R~
e B B AN 1 R, B A RE 5 K E O 1) Y ke
030 0°,45°,90°, B E 1 AR AT = U
I SR HCE M . fF MTSEA45.305 Fi {26 #L L i
AT Al 3, 3 a4 R e 8 00 2% A KR 1 B 1
T

scanning direction 7,

P A A 2 A A RS

Fig. 1 Location and dimensions of tensile sample
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Fig. 2 Longitudinal microstructures of single-pass cladding layer. (a) Bottom; (b) top; (c) overview
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Fig. 4 Microstructures of longitudinal sections of thin-walled parts
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Fig. 5 Measuring method of size of single columnar grain
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Table 3 Average length and width of columnar grain

in different regions under different Z-increment

Length (width) /pum

Zone
0.3 mm 0.6 mm 0.9 mm
Bottom 47.3(4.5) 46.7(4.8) 49.6(4.9)
Middle 234.2(23.8) 389.8(30.4) 315.0(16.3)
Top 354.3(29.2) 539.1(37.3) 476.1(26.1)
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Fig. 6 Microstructures of thin-walled parts under different Z-increments in cross section.
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Fig. 7 Mechanical properties of tensile sample in different directions. (a) Tensile strength; (b) elongation
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Fig. 8 Fracture morphologies of tensile sample in different directions. (a) 90°; (b) 45°; (c) 0°
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