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Abstract Laser additive manufacturing is widely used in the manufacturing and repairing of petrochemical, aerospace,
and marine equipment. However, the residual stress caused by the rapid heating and cooling in the preparation of alloy
materials via laser additive manufacturing likely poses a major risk of stress corrosion cracking of the material in harsh
environments. This study first reviews the mechanism of residual stress in alloy materials produced via laser additive
manufacturing. Second, the main measurement and elimination methods of residual stress in materials are summarized. In
addition, the test methods and the mechanism of stress corrosion cracking in alloy materials caused by laser additive
manufacturing are summarized. Finally, based on the research status of residual stress and stress corrosion cracking of
alloy materials in laser additive manufacturing, the key problems that need to be solved in this field and future development
trends are summarized.
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Fig. 1 Stress and strain system in coating'""’
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Table 1 Comparison of residual stress testing methods

Method Technology Advantage Disadvantage
- . . . Damage to the material,
Drilling method Simple principle, cheap equipment, easy to operate . )
) measurement accuracy is not high
Mechanical ) i ) ) ) )
. . High resolution, make the material deform in a very small range  Measurement result is not unique,
method Nanoindentation : ) ) ) ) ) )
thod without destroying the structural integrity of the material, high the measurement accuracy is
metho
measurement efficiency not high
. . The measurement result is more accurate, the material is not Can only measure near-surface
X-ray diffraction o . . . .
) damaged, the strain field distribution on the surface of information, testing
Physical method ) . .
the material can be measured instruments are expensive
method ) ) ) ) . )
Neutron Large penetration depth, three-dimensional stress Experimental equipment is

diffraction method

field distribution can be obtained

expensive
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Table 2 Main method of laser cladding layer to improve residual stress

Method

Scope of application

Preheating

Ultrasonic shock or vibration

Laser process control

Suitable for key components of high-value and high-precision equipment, not suitable
for industrialized mass-produced products
Suitable for improving small size and relatively large size components

Suitable for laser additive manufacturing of workpieces and laser cladding layers

3 PO B A 4 BRI N T
F 5% BAR
3.1 MAOBEMmARIEHE
PO A i 1 A A bR IR 5 R A N T, TR
B2 B R (E S N b I 2L AR, R T
BN Sy S ph T A HLEL, B R R T £ R 7 8 g Ty
B v e 2 ey 0 AS 1 28 kT 2 R E T 5

JICINE 3 i B T vk o T R WD AG N ) A i
6 77 95 TRl B X iR 28 B R RS JE R, ke, 2 3 T
VFZ 200 . 1 WA N ) ol T 2R HLER
Nikulin &5 R F AR 8 A (1) 77 125 0 58 7 465 T A 425 o 7
JZ 09 L 7 T8 P A e Bk A B ) JEE el A 5 e B
T3 il 2L G Bt R ) A LR R 1) 1 Ak 2 v
fift o T3AN, T WS BLIZE W G A SN B T, A
BT 24 A AR T A 7 R R L A SR T T ok T 2 )

1300002-4



AL, SR FH L 2 A 7 A 0L 7 8 ok ik 56 0 a2 T AR 1 DT 2
i 1) 5 FH DA R AF A v R e Ry g i T SR R
TR T AF 58 363 b i 15 4 A RE 9 B ) i i 3 s
J& |, Lou %513 o 15 2 faf (19 7 3%, 43T 1 0O 38 b4 i v
SI6L AN My M ary e 1=, kB2 a3 > 1 i iR
KO SR v 3161 AN 9 I I S T
WG R EER AL EAR L IE T B IR 56 T E e HR
FESEARUFN R o BRI, (E , 280y B/ TR A
SRR A, e 2 S BORFE T e Y PR O AR TG
R ALY R R EFEE

P07 B i 2 o i 2R R AR K AR AT T I HESR
ol B A X AP AR I AR TE SR E AR R, X
Tl %y 302 FH SR A 400386 A 41 1 A 4 4RI T4 v
N FTARZS AT LASH R AT = 0 25 il P s S il DL R U
T A5, 5 FH ok o3 B 1 1A 4 s B S M OBHEE 45 e BT
B4 7 7 6 Db A AR o PR T A A 1 1 5 A TR LT
H 5 F8 . Pk 80 8 vk T LU 78 AS [ ) 5 i
FERSE T, A, %R DX 2 A R [ B AT
MR, BT AR R A A RS I E T AR L IO e
JZ 10 I8 7 B b R R RO B 2 B I AN T
KOG E G BN FT o BT E AR 1 1 R TR A

F59%5 F 13H/2022 57 A/BAERBFZHE
i AN B, AN B A2 HE W 5T A RE A I 7 ok R
T8 07 A 3 R B (SSRT) 2 DUAH 24 2818 11 3 R 245
TRRE I, 2E 17 5 T 7 A R 2 Sk o R 7 g g el R
S 2 Y D R b ik A S AR R S A3 S o
PRI I, 1 37 A2 3 46 P (1 X6 4k A G o 2, R PRl K12
BIARTEH . A e, )2 T 800 3R 1 5 8 A B S
LIRS ONE , T Ak 18 I S e 1 03 o O T R B I ]
B 58 O A i G 4 b R B B T T Dk R, B
BAETR HBOLEE HERH 4 T ANITIC-CeO2 ¥
JZ 38 2 18 0 AR SRR SY T AR B )2 4 N ) g
R | e BLBEE AR B 7 g ek UM R 35. 01 06, OB HE
PR 8 AR E R 17.69% . R BOE I E R
IAFTEBEAR 1 RERHY I 7 T8 Bl 244 1w o 5380, 14y
B U J2 100 0 J b JF 4 A W DR 3, 3 SR T KSM
P 0 AR AR IG AT IE 1 921 v o B AR B AR IR 2 1R
P R DB AR AR R BB TR 2 R I W 2 OF B
AR AEAE . RS G R i T OB P30 1Y
fifg B & T I L AT DAL B v i B A iz 0T AR
6 JEL B AL 0 8 R e . PR SR B T
WHE B Ol ge Ty 22 4R 3063 0 1 ) s g Ty vk o
2 3XF L T 45 I T B ik ik AR R A

3 DB s A T vk B H R

Table 3 Comparison of stress corrosion testing methods

Method Evaluation index

Advantage

Disadvantage Applicability

Initial stress determination, simple

Constant load Time to break, percentage of

Unable to obtain crack Cladding layer,

test method, no restriction on

method breaking elongation

growth information bulk material

sample type and size

Constant

displacement Time to break

method

. . Time to break, percentage of
Slow strain rate ) . .
breaking elongation, section
method .
shrinkage

Short test period, high sensitivity

to stress corrosion cracking

Device is simple and easy to

Unclear stress state, Cladding layer,

implement, and can obtain crack

long test period bulk material

growth parameters

Complex equipment and . .
) o Cladding layer,
strain rate have a significant .
) bulk material
impact on the results
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