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Abstract: Additive manufacturing has made significant progress in recent years, and metal additive manufacturing can 3D
fabricate complex-shaped parts with high precision, which has unique advantages in applications of various industries. How-
ever, the high temperature gradient in the forming of metal additive manufacturing parts can cause complex residual stresses.
In this review, the characteristics of additive manufacturing technology are briefly analyzed, and the processing principles of
selective laser melting and wire and arc additive manufacturing technology are emphatically summarized. On this basis, the
generation mechanism and measurement method of residual stress from the additive manufacturing process are reviewed in de-
tail. The temperature gradient mechanism is the most commonly used method to explain the residual stress generation. Re-
garding the measurement of residual stress, it is summarized from two aspects of non-destructive testing and destructive tes-
ting. The common destructive testing methods for residual stress are profile method and drilling method, while the common
non-destructive testing method is X-ray diffraction method.
The control methods of residual stress are also summarized,
RS EHE. 2021-12-28 & EIHH#I. 2022-05-31 including processing parameters optimization, preheating
ESTE . w7ci-FE A ke R R A FE 4 0 (23XNS and slow cooling and remelting, structural design, auxiliary
» .. external field, post-processing. Finally, a brief summary of
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the residual stress research in additive manufacturing of
FAEDHAFATTH (202101398047, 202102500012) metal structural parts and the problems to be solved are
FE—1EE: WRIB, &, 1993 44, Yl summarized, and the development direction of additive
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Fig. 1  Classification of metal additive manufacturing technology
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Table 1 Applicability of several additive manufacturing technologies
Formability Equipment Anti-interference .
Technology . . Equipment cost
Efficiency Quality Capability mobility ability
Selective laser melting - + - +/ = - +/=
Selective electron beam melting - + - - - -
Laser engineered net shaping + +/— +/= +/= +/= +/=
Electron beam freeform fabrication + +/= +/= - +/= -
Wire and arc additive manufacturing + - + + + +
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Fig. 2 Schematic diagram of the equipment and principle of selective laser melting technology
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Table 2 Main selective laser manufacturing (SLM) equipment manufacturers and equipment parameters at home and abroad">!!

Typical equi Forging i
Company/ University ypical equipment Laser Power/W oretne Spot diameter
models range/ mm /pm
EOS M280 Fiber 200/400 250x250%325 100~ 500
Renishaw AM250 Fiber 200/400 250x250x325 70~200
Foreign M2 cusing Fiber 2007400 250%250%325 50~200
Concept Laser
M3 cusing Fiber 200/400 250%250x325 70~300
SLM solutions SLM 500HL Fiber 200/500 250x250%325 70~200
Dimetal-240 Semiconductor 200 240x%240x250 70~150
South China University Dimetal-280 Fiber 200 280x280x300 70~150
of Technology
Dimetal-100 Fiber 200 100x 100X 100 70~ 150
Huazhong University of HRPM- [ YAG 150 250x250%450 ~150
Science and Technology HRPM-TI Fiber 100 250%250%400 50~80
Domestic G | Hanh |
uangdong Hanbang Laser SLM-280 Fiber 200/500 250%250%300 70~100
T'echnology Co. , Ltd.
Xi‘an Platinum Additive BIT-S300 Fiber 200/500 250%250%400 -
Technology Co. , Ltd.
Hunan Huashu High-Tech FS271M Fiber 200/500 275%x275%320 70~200
Co. , Lid. (double spots)
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Fig. 3 Schematic diagram of the equipment and principle of wire and

arc additive manufacturing ( WAAM) techn()l()gy[zs]
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Fig. 7 Residual stress distribution of aluminum alloy wire and arc additive manufactured components by finite element method simulation %"’ ; (a)

finite element model ;

(b) distribution of longitudinal residual stress along line 3 ( beam)

, (c¢) distribution of longitudinal residual stress

along line 1 (upper substrate) , (d) distribution of longitudinal residual stress along line 2 ( substrate base) , (e) distribution of transverse

residual stress along line 1,
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Fig. 8 Residual stress on fine Si precipitates in AlSilOMg melted by laser power measured by Raman spectroscopy
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