| %49 % & 14 89/2022 &£ 7 B /R E ML

S B PR BB B I 1 LB e s DL 5

AT, Tem, AR

CKEAL BFT, KRR

VLRI S R SRR A S TR 2B . BT 1001915
B U 2 LK R 2 BT B A B R BT 2 B+ bt 1001915
* U AR B 3 T ST B A BRA R, JERT 100096

B OREREG R AT A IO A 1 AT LSS LA A TR T RO 7 R T AR R AT 2 R LA AR TR i A AR
R 45 i ol BOBIT T AR o o T R R P AR BEAT O 32 SRR R AL R A T S, — EAR B

B T2 N B B 2 S T S 6 ol 1 S0 4, 2 T ) P RE

R I < Ja ) P B8O 38 A o s e sl I 7 2R

PUEE R R L E AT BT S ARAT 0 BE . BV T I 4 ofe < s ) P O 38 b 1 e e Y 5 5 D TR L U A T B B A

X i 3 ek A v Y = A e D

LRI A 1 7 A AU EAT T 20 BT O AR L L AL BB 4R R T

A E B 42 T BIL ) R BB T < R A IR 08 b o i Sk B D kY R ok 2 i D T

KR
FESERS TGl4 XEktRER A

15l G

B T 2 ALK AR T LR ) A BUAR T B
AR AR 1o 2 A | e AT S LA e A3 7 i 4 07 1) DR A
JE AP BUR T R AL 25 2 2k T R Zr 5 AL Y
R R A T R 4 R A A Y 2 o X o
e AR ER AT R 1 B i R L ) 4 A S o i
PR PEAT ] 4 05 TR A, o0 T BT S A 465 14
FRRA A 5 B3R T2 TR R R o A B A AR
1 JOIE SIS IR PR R R A A . e ORI A Sk
B < A A P ) s B AR AU S K A AR T S B
R £ M RO B R L R e R A A 1
i 6 19 PO A AR ORI A i 3 e o SR B R SO 2 3
T B B E I A B AR, a] SR e TR Y
T EIE B A R B R T FE WO B
i) 3 2 A e A 228 3 s BE SO SR A R B A R AL
AERRES AR IR A O AR O P
JL I A 07 B0 [ S A S X SE i R SR A — HL
FAORE SR T2 AN A B R A 2 S T gl A i
PR B2 H RO L 2 AR R A R
B, OGS B 3 A b A A v 5 S R R T MR B
B B AL s S HOL D R BRI BT A R R R
REB S8 ML B R & FLAI R 2% s S HOE S5 8 AR 1Y
A FHTISF [ 2 P 5 2t 2 R J] i ) Al L 58 1361 0 240 3o
JEBPR RN B T B A R . D N AR

BOLHAR s BB WOLIEMHIEG s SR B EHLH

DOI: 10.3788/CJL202249.1402802

2557 RIS A ) 3 R T 2 e B R 5 AR AL A
TTTZBEFE L A Jm A o TR B 4 R R
T 43 A 75 WL B 0 BOUL R 0 RO 1 A Tt 4 S A
T v DL SR B A 2R I 2 AL L b LB A Bl
R BE SRR 2% Sy 75 WL BV R s . A SC L8 [ N
G X 4 B AR PR SO B 3 TP X = IS B 1 7 AR
PLHE K 4 AL W S b 4T T 25808 .

2 WOLIE B E W IRy Bl R 2E K
FEAEALEE

2.1 HYUEREMENE

PHOCHE A i o R v e A 2 1) R PR R s
S B EA BN N T 8 A B0, T R B e
Sl R R TR B MBS, R T ROGIE B i
77 A I BB B L AR & A L BE XA, AT LK Ly
BRI,

— SR 1L L 1R o s Ak AR e AR Ve BB LT
THEDRERNA 4 B M2 58, 7 O 8 A
T S5 AR RRHE VS H R R WU . = RE RO IR Y
JE) SO0 P 47 A o R A 8 D Y B A i ) AN AR R
PETT S 7 4 v PR g e B e
R B — & Y RE I, — B PR A g T IR R L e b
BE A ME W 2L, D IR RS 1 R R R IO .
PR B S A B AR R D R E O
RE PR VR T o3 o &0 JF 47 1l 28 6k b e = 4b (IR

KB . 2021-10-18; f&E B ER: 2022-01-10; FABH . 2022-03-10
BEE&WMB . | A& IS 0N H LR 5T = KT H (2020B0301030001)

#IE €& “chengxu@buaa. edu. cn

1402802-1



$£49%5 £ 14 H/2022 £ 7 B/ EH

P A NE HIE AR B EAE TR SR T A AR T HE
AT pen Bl IR E S ARES Ot e R e
Z 8] 52 ELAE A 4 J D ) A 4 1 A2 8 L 2
TR —E LB bR 7 A S H R AU W
JE) 5 2) 3 ' HE b i 3 7 A A 1) KR 1) 114 5% A AR
(25 107 g 38 R 80 e e 400 SRR g 1 2R E0™ 42D 53)
PR 5 v AR ) B B2 A R 5% o ik ) 8 o i 3 K 98
M AR R B U B KD . Kempen 4579 78
e DR Al 3 M2 e AW 1Y i R kB AR B
T 38 PG 28 P 0 fo A A I ) TG R L RV R A

HH LTV RE AR GUTE 3 b1 ) i o i v SR
WL o FAGREUZ R b T v TR I A B [ B R )
MV R P A i g o+ S22 4% Sy 5 [ S 80 K A
FAOUFGE R gl i R o S O i AR A D 1
TR B B g 7 I T AR A R FOR S & 1 BT
AR TR A A T o AR v AR A T SRR A
45 e 1 B R TR] A7 A IO A DX VBORE IX S T DX YA
DX IR DX [ A0 X0 B T A DX, 38 I\ A 5 [ ¢ £

CM2471C P @
XZ plane

solidification —
cracking N\

*XZ plane: || to The

Solidification cracking

s
is along Z axis (vertical in the figure).

SEAERPR DXL BCAY o W58 4 Hh F 22 B0 fift R 5 [ 3¢
PG N o R BR[O A A B DL RO I B e
AL R oL R v S DB ) BE L BT A AL
AR g R R A Ny A 05 U A0 A e
C LI I T SR WO o T MO 52 BHL AR DX A2 1
FIALTE o 25 R 3 o <6 4 56 B2 Bl PR s I i ot it
JER & 4 i R 2 M PR REL 7 A B R g
Stangeland %" B 58 & 9L, 4R A 4 4 ik &R UK
(A 2 A7) L A8 54 44 il 3 i At v 5 7 2B AR 0 N
PRI L NI By 7 A B 1 4. Il 5 BB A
TG 181 4 20 1477 A 2 oy T TR T 06 4l {FL R 45 e
G A TEASE it [8] ) 00 5 1) 328 25 T 2R BE BT B I [l
TAA . Wang S0 75 BB b ) 1 1 B op R L 5E
0l HE A i ) BE 8 A T 3 el AT A e 2
BRI RO 7 e, YR B 4 7R B [ 3] A 1
52 58 BN A i [ B Ak PS8 158 2 L AIRST. Y JE 2XA7 A L
A E JC 3k 58 W [ 3L A 45 I NF ) 988 17 7 2 s 8 TR0 T
24 R SCEE [ T

BT OREA 4 sE s,

() (0)CM247LC A 425 (b) (D) IN939 & 4
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Fig. 4 Schematic of vortex induced pores in 316L alloy by simulation
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Abstract

Significance

Metallic components have been widely used in aviation,

aerospace, marine and other industrial

departments for their excellent properties. Over the past decades, metallic components are developing toward to high-
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performance and multi-function but with low production cost, which pushes new manufacturing techniques to be used.
Laser additive manufacture (LAM) is one of the new additive manufacturing techniques, which is widely used to
manufacture near-net-shaped metal parts layer-by-layer by melting metal powders using a laser beam. Now, it is also
widely used to manufacture large and critical high performance metallic components with advantages in reducing material
waste, production time and cost. In the LAM process, the components undergo periodic and unstable thermal cycling,
which influences the microstructure and internal stress. More importantly, the inappropriate selection of process
parameters leads to the appearance of defects with degradation of mechanical property. For example, if there exists
porosity in the material powder, the pores occur during LAM and the liquid condensation speed is faster than the gas
escape speed. If the selected laser power is too low, the powder is hardly fully molten and the unfused pores and
inclusions are generated.

Therefore, the extensive researches worldwide focus on studying the generation mechanism of defects in the LAM
process. In Deng’s research, the 15% (volume fraction) SiC ceramic reinforced steel (MS) metal matrix composites were
prepared by selective laser melting (SLM). Facing the compatibility and cracking problems raised between SiC and metal
matrix, great efforts on the suppression of defects during the SLM process are taken from various aspects, including laser
melting, substrate preheating, and design of support and build directions. Substrate preheating can be used for the
significant suppression of cracks. Tillmann et al. treated the IN718 component with the HIP method and the density of
components was increased to 99.985%-99.989% within a certain range. However, most of the researches focus on just
one kind of defect as well as its corresponding control methods. There are a few summaries of formation mechanisms and
control methods of typical defects in LAM of metallic components.

Progress We also summarize and analyze the formation mechanisms and control methods of three types of defects
(cracks, inclusions and pores) in LAM of metallic components. The thermal cycle during the LAM process usually causes
the generation of large internal stress, which causes the micro-crack formation during or after deposition. According to
the formation temperature, cracks can be divided into cold cracks and thermal cracks (Figs. 1 and 2). Pores are always
formed due to the insufficient energy input during the deposition process (Fig. 3) or the trapping of the residual gas inside
the molten pool, which is related to the flowing behavior of molten metal fluid in the pool (Figs. 4 and 5). There are two
main types of inclusion defects: one is oxide inclusions mostly caused by the mixing of oxygen in the production
atmosphere, and the other is high-melting metal inclusions caused by the mixing of powders with high-melting metal
powders (Fig. 6).

Different control methods are required for different types of alloys and defects. For cold cracks, the currently
commonly used control methods include optimizing the compositions of metal powder and adding post-heating treatment.
For hot cracks, the currently commonly used control methods include optimizing the compositions of metal powder and the
process including selecting appropriate parameters (Fig. 7) and preheating substrates (Fig. 8). The pore defects can be
minimized by either improving powder quality (Fig. 9) or adopting post-processing. For high melting-point metallic
inclusions, the effective control methods include the selection of reasonable process parameters and scanning schedule.
For oxide inclusion defects, the main control method is to control the oxygen content in environment.

Conclusions and Prospects The laser melting deposition additive manufacturing technology for metallic components is a
high-performance, low-cost, and designable manufacturing technology. However, the degradation of material properties
due to the defects is still one of the problems that must be solved during component production. It is still necessary to
conduct a more in-depth research in the following aspects. For crack defects, it is necessary to discuss the stress evolution
during the deposition as well as the relationship between mechanical behaviors and internal stress distributions. For pore
defects, the quantification of the influence of each process parameter on the formation mechanism is required. For
inclusion defects, it needs to research the thermodynamic mechanism of the protective gas composition and their flowing
behaviors.

Key words laser technique; materials; laser additive manufacturing; metallic components; defect; control mechanism
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