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Influence of Process Parameters on Self-Healing Ability in
Laser Metal Direct Forming
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Abstract "Self-healing effect" is one of the important phenomena in laser metal direct forming (LMDF) process,
and plays an important role in improving the forming quality of parts under open-loop control. In order to study the
self-healing ability of different materials, reveal main influencing factors, and provide guidance for formulating
correct forming process to improve the forming precision, orthogonal experiment is designed to fabricate several thin-
walled parts on substrate with "convex" characteristics in LMDF, and the influence of process parameters on sample
dimension is analyzed. The experimental results on 316 L stainless steel show that the influence of different process
parameters on the self-healing ability varies significantly. the traverse speed is the most important factor, the laser
power next, and then the powder mass flow rate. The 316 L stainless steel self-healing ability can be improved
remarkably when using optimized laser power, traverse velocity, and powder mass flow rate as 240 W, 6.0 mm/s,
and 7. 3 g/min, respectively. The maximum self-healing height exceeds 1. 54 mm and the self-healing rate is
0.038 mm per layer.
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Table 1 Orthogonal test order and process parameters

Test  Laser power Traverse speed Powder mass flow

number P /W V /(mm/s) rate Q,/(g/min)
1 260 10 7.3
2 260 8 6.0
3 260 6 4.9
4 240 10 6.0
5 240 8 4.9
6 240 6 7.3
7 220 10 4.9
8 220 8 7.3
9 220 6 6.0
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Fig. 2 Surface smoothness
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Fig. 3 Samples formed in LMDF with different process parameters
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Fig. 4 Scanning results of sample outlines

AR
_ 3Q, {1 —exp{— w? /[ 2R(2) ]} )
2wpV ’
X Q, Wik, V M, o WM BB, w
AR )2 T L R () AT T B A A B R R I A i %
ESIR o N RN - =5 N
R, —=ztang, (z<C<O
R(2) = (3)
R, + ztana, (2> 0)
K R, o A0 WE SCUNE 8 BTN,

H1 TR 1F b 3% 48 B A7 AE M AN S il A

h (2)

R (A5 A 008 o R 2 Ll A I % R
SIS HB I A Rk R AR E b I
BRI 2% ML 7 2 1 T 5 MOMI ) s T o
S AN T 22 il (2) 5% T 7

zig‘%/{exp{— w /[2R(z,)" ]} —

exp{—w’/[2R(z,)*]}}. 4)
Ah B HE R AE R UL @, b T 0 B R I B )2 5 B
ZEEB ARN AV B BRI B A G
RE LBl . MNP 4 48 R A5 2 rb 4 A 4 a1 A

Ah = h, —h, =

0603023-4



B/ s . Wote B EERE T LS8R H A 488 R
1.6 " (2) v
L v v
12 v
= Y
£ o8}
= L v v '
04 v
0 : H H d
0 2 4 6 8 10
Test number
0.04 F ) .
~ 003} ;
o) [ :
g 0.02 . : p
E | ‘ 2 A S
= ootp e @ g :
0 . 1 x ' re l 2 1 2
0 2 6 8 10

Test number

B 5 SARFRRKESEE(SLHAEGHEEGEED
Fig. 5 Maximum self-healing height (a) and self-healing rate (b) for samples 1~9

B 6 JT 2B
Fig. 6 Crack defects

1.6
/ ©
E 12f = . .
~ L}
= \. "
08T extreme difference extreme difference extreme difference
0.93 0.16
260 240 220 10 8 6 7 6 5
Laser power P /W Traverse speed V /(mm/s) Powder mass flow rate @, /(g/min)
0.030 |-
(b)
B s
> 0024 .
E L - / \. l\-/.
E 0018}
= extreme difference extreme difference extreme difference
e 0.0023 u 0.0167 0.0019

260 240 220
Laser power P /W

10 8 6 7 6 5
Traverse speed V/(mm/s)  Powder mass flow rate Q, /(g/min)

B 7 TZZHOKTFESRREEEE @ XERAEHEEEEO LR

Fig. 7 Maximum self-healing height (a) and self-healing rate (b) versus process parameters

0603023-5



# ot

LE =
coaxial powder
nozzle
powder jet

p;)wder ) i equilibrium
ocus — position

length — S \\§\\\}\\\\

SURRSERRNERRN

8 JEAN H A A A J
Fig. 8 Principle of self-healing effect
KA P B IR AR F L2 S8 Rl
R N G R R S AR R AR AR 9 R
B () AT A A SR AR IS BN AL 54

16 (a) laser power —s— 260 W
—— 240 W
g l2fp —— 220 W
&
wn  0.8F
. 04F surface smooth ness
Pt
[
2 0.06 F -
&) 0
004k self-healing rate
0.02 F
< Ok . A X s X
s 5 15 25 35 45

Number of deposited layers

R JRE IS L O AR 4 T R AR L AN ) o L Ak )R
ZNB) 1) 2 E I A AN P o RE DR /0N A B R
B 9C) R . O R EEE WG AR S w. —
FIIE LR AR . EHAR KA LML - Ah 53
eIy N I AR 5 Bl O D) 24 B4 DI T K AH
AR BE s/ . (HEEPRac e 2 R L
PO TR A /N AN -4 BE SN B IR SUA 3SR Y
PR SO A BE B /NS 2 L AL
T b P 4 4 T B AR 22 AR I B R BT R AL ST
1538 AL 75 5 B 2L 80, 340 A b 19 03 oK 3 — 25 Uk
A A R OF B R S8 AR A R e
B 9(b) iz o A8 H Al 26 F A AL I BL R - Ak 3K
Hor e AR FE G AR B8 1 38 0 T 48 A AR R AN
- JRE LB/ B, A ET 9 (o) T

(b) traverse —=— 10 mm/s
speed —e— 8 mm/s
—— 6 mm/s

S /mm

surface smooth ness

0:08 3 self-healing rate
0.04 F
02 .

5 15 25 35 45
Number of deposited layers

7 /(mm/layer)
(=] =}
OO
DN

L6} 4 (c) powder mass —s— 7.3 g/min
flow rate

0.4 } surface smooth ness

—e— 6.9 g/min
—— 4.9 g/min

7 /(mm/layer)
==
(=)
[

self-healing rate

5 15 25 35 45

Number of deposited layers

B9 T A8 RV R R R

Fig. 9 Variation of surface smoothness and self-healing rate with the change of process parameters

4 4k ©

) 583490 G TR TS S 500 B i
2 fiE J7 9 5 0 B AL BT LA R 4 BT R IR B R AE
LMDF 98 85 £ 4 R 0 K/, 3 ELRE U5 45 9l
AL T 202 0 A AR 1 U T 1 25 7 P )

2) 7£ 316 L A454 LMDF i, A[H T4
Q0B s I2 TNE R iean PIE AL NI L ATE
KT % 2 5OR 08 R ORI % Bs
BB MG T2 S BOHOR S 3 L A

LML A R 240 W.6.0 mm/s Fl 7. 3 g/min B},
AL SRR 316 L ANEE Y LMDF WJES H @ &
fEf R AAEEMT 1. 54 mm, @A ERNE
JZ0. 038 mm,

s & X #t
1 Zhang Anfeng, Li Dichen, Lu Bingheng. Research process in
laser direct metal rapid prototyping technology [ J]. Ordnance
Material Science and Engineering , 2007, 30(5): 68~72
TR, YA PRE. WOL E R P U SR 1 BIF 5
L)), R HAAFEE TR, 2007, 30(5): 68~72

0603023-6



¥ /N R

BOLE R HE MY TS H 80 A &4 e

2 Zhong Minlin, Ning Guoging, Liu Wenjin. Research and
development on laser direct manufacturing metallic component
[J]. Laser Technology . 2002, 26(5): 388~391
PO, TEK, XA BOUR BTG G E SR E TR 5 K
L. R AR, 2002, 26(5): 388~391

3 Zhang Dongyun., Wang Ruize, Zhao Jianzhe er al.. Lastest
advance of laser direct manufacturing of metallic parts [ ] ].
Chinese J. Lasers, 2010, 37(1): 18~25
KA ERGEE R S, WOL R R 0 B
#RL]. F Bk, 2010, 37(1); 18~25

4 Edson Costa Santos, Masanari Shiomi, Kozo Osakada et al. .
Rapid manufacturing of metal components by laser forming[]J].
International Journal of Machine Tools & Manu facture, 2006,
46(12-13): 1459~1468

5 X. Wu, J. Mei. Near net shape manufacturing of components
using direct laser fabrication technology[ J]. J. Mater. Process.
Technol. , 2003, 135(2-3): 266~270

6 Zhong Minlin, Yang Lin, Liu Wenjin e al.. Laser direct
manufacturing W/Ni telescope collimation component[ J|. Chinese
J. Lasers, 2004, 31(4). 482~486
B, A bR, XA AL BOBTGR HEERE W/NL & &R
W E 0] P EsOk, 2004, 31(4): 482~486

7 Vamsi Krishna Balla, Partha P. Bandyopadhyay, Susmita Bose et
al.. Compositionally graded yttria-stabilized zirconia coating on
stainless steel using laser engineered net shaping (LENSTM)[]].
Scripta Materialia, 2007, 57(9) . 861~864

8 Huang Weidong, Lin Xin, Chen Jing e al.. Laser Solid Forming
[M7]. Xi' an: Northwestern Polytechnical University Press,
2007. 10~20
WA M &R AE RO EBOBEIM]. i AT
Ay K2 AL, 2007, 10~20

9 Pi Gang, Zhang Anfeng , Zhu Gangxianet al. . Self-healing-effect
in laser direct metal manufacturing [ J]. Jowrnal of Xi'an
Jiaotong University ., 2010, 44(11) .77~81

Ko WL sk, RN SF. BOLE R BiEEBUE PIE S A &AL
REBFSELT]. &% 58 K F F3R. 2010, 44(11): 77~81

10 Li Peng, Ji Shenggin. Zeng Xiaoyan e al.. Direct laser
fabrication of thin-walled metal parts under open-loop control[ J].
International Jowrnal of Machine Tools & Manu facture , 2007,
47(6): 996~1002

11 Hua Tan, Ijng Chen, Fengying Zhang et al.. Process analysis for
laser solid forming of thin-wall structure [ J]. International
Journal of Machine Tools & Manu facture , 2010, 50(1); 1~8

12 Zhu Gangxian, Zhang Anfeng, Li Dichen. Optimization of
process parameters for laser cladding based on Nd: YAG[]].
Applied Laser, 2009, 29(5) . 388~392
KRR, Bkeig, A, T Nd: YAG MEOCHE T L35
MIEAELT]. & Ak, 2009, 29(5) . 388~392

13 Yu Jun, Chen Jing, Tan Huaet al.. Effect of process parameters
in the laser rapid forming on deposition layer[ J]. Chinese J.
Lasers, 2007, 34(7) . 1014~1018
F OB, B O#, W AR BORIEE TS EREZER
Fm[J]. P Esk, 2007, 34(7): 1014~1018

14 Yang Xichen, Lei Jianbo, Liu Yunwu et al.. Experimental
measurement of metal powder stream concentration field in laser
manufacturing[ J|. Chinese J. Lasers., 2006, 33(7): 993~997
Bvers . TN XE iR A5, WOGHIE d A R R R vk B S
MLTT. P+ Bk, 2006, 33(7): 993~997

15 Lu Qiaopan, Zhang Anfeng, Li Dichen e al.. Numerical
simulation and experimental research on gas-carrier coaxial
powder nozzle[ J]. Chinese J. Lasers, 2010, 37(12): 3162~3167
PEBFHR, okeme, ey . F TRl b s i A (B R 0L K
SCRBFSELT]. P B#k, 2010, 37(12): 3162~3167

16 Pi Gang. Research on the Forming Process of 3161 Stainless
Steel Parts Fabricated by Laser Direct Metal Forming[D]. Xi'an:
Xi'an Jiaotong University, 2010
B WL OB 4 R HEERUE 3161 A E 4 T2 HFse[D].
VU2 . DY RS KA, 2010

0603023-7



