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High-Temperature Superalloys

XU Yuhang, SUN Junhua

School of Materials Science and Engineering, Shandong Jianzhu University, Ji'nan 250101, China

Abstract: Additive manufacturing is an important component of manufacturing information, digitization and intelligence,
and arc additive technology has significant advantages in nickel-based superalloy forming. In this paper, the advantages and
limitations of different additive manufacturing technologies are compared and analyzed from the aspects of technology clas-
sification, development history, standards and technical principles. The arc additive manufacturing process of nickel-based
superalloy is introduced, and the advantages and problems of arc additive manufacturing are introduced from three aspects:
arc additive process, post-heat treatment of additive parts and numerical simulation of additive forming. The application of
arc additive technology in nickel-based superalloy at the present stage is summarized. By improving the droplet transition
and making the droplet transition more stable, high-quality forming parts can be obtained. The double wire welding was ap-
plied to additive manufacturing to improve the production efficiency of additive manufacturing. After heat treatment, the re-
sidual stress of nickel-based superalloy can be reduced effectively, and the microstructure and mechanical properties can be
improved. Numerical simulation is used to more accurately analyze the droplet transition and temperature field changes dur-
ing layer-by-layer deposition to control the grain changes and element segregation during the solidification process of nickel-
based superalloys.
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Fig. 1 Schematic diagram of Wire and Arc Additive Manufacturing
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Fig.4 Schematic diagram of dual wire welding system

Rodrigues™ fiff ] 3122 WAAM $; A il 1 7 3161
AN /Inconel 625 TIRERRE ML, WFFE & L, 7E T
IS R B AL MO A T8 [ Ak A R R
REAR A Ni FEAARL B, JHB DX I0A B FCAA RN & 4k 3= 44
FITR A, TR A DX 3 A2 B IR A0 A5 b A R DR 25 4, L
AL T AR AERE R R B XS R Im AT 4 . Bl
Gk A R A I, Mo 11N f4 f A 35, A R
TER A ] B2 X I i Laves AH . T Ni B4R,
AARE 2 MR ZR R o) BRL LA 2 O HLAZE 3 1 AV

SR S BR AR . B I DXORN Y- a9 X 14 1 1
PEE BT 50 wt.% 1 65 wt. %I ABIIX . ThiE
Tofs 5 A Ak R 1) LA U X258 5 542 MPa,
R E 1K 61.6% TRURFE A9 T T ek V8 DX B AR AR
41503 MPa, {3k 32.4%.  7EFA hifiise
AR R ZE 7 T bW 2, 1A A S i s
I

Jeong* 3% FH X 22 WAAM H Rl £ 1 308L A
5584 /Inconel 718 TIREHEEEATEL, W7 68 75 b BEXT A4
BB ZE R 5 72 PERE R BRI R . A Ak
FAT LK SIOULZE A DA IR s 2 A8 Shy 25 5 ok, 5
VAN T AN N NTTITE 7o =1 % S 8 O 71 VA 2953 L2
7 7 A FRARE PR R B R T AR R A R i
KRR T AR A BERE . 38 i TR S AR AR
i br P R S 05l R 1 A8 Ak AR R ST 1
/N FfiZE Inconel 718 7 & 3G N, 1AL AN 540
308L #R 43 A A 720 W ey , 5 R 4 M P A B 1Y) A
AHEE , 28 7 A B ) R A B 43 LR 3G N T 7%~
15%. B 35 8 i 02 T S B2 2 A8 Ak (R BRAH
HH R S R ) | IV AR DL K BE % Tnconel 718 75
SIS S Ni Mo I Nb & 2 38

Amiri® % W22 WAAM B3 # ) 45 T 65
FL . TC LB ZE B Y 3161 AN 45 4N/Inconel 625 M fig
T B WAL RE 2 4 . 3161 ASSR A0 1Y) I 8 20 4 2k
FAR-BL AR (FA) 19 B A FE AR 78 B IR SR T
HH S Y & Bk ZARTEAE . Inconel 625 H, Bt i F vh
Nb il Mo %55 4 TR M TUR BT , B i Z B T
VFZ AL Laves /. HH T2 RIZET7 T IEA A
JE R 7 1] (O BOW S5 R AIE R A T AR Ak, I 7
A T SR ARDIRAL . Inconel 625 3161 AN 454K
FREN SR (RAE 43501k 194~257 HV \171~178 HV
FI159~170 HV ., FLffias Bk 487 MPa, i IR58
300 MPa, {1 R 40%. PR RE7E Bk — I 2
R0, 2 BT RE B B A Ak S T b B 50 B 5 v, R
B4 Z 18] (R4 4 BLAT T 1 A 28 22 4 /N K 20 (1)
B3, W 2R W

Lu" i FH X 22 WAAM ilill % TA1/Inconel 625 i
INRERREER KL, IR T O L LA Sy 24P RE . ANl
57N, 24 84N 70%TA1+30%Inconel 625
H1 F Cr #l Mo W HT , B AL T — 1~ B85 119 & Cr.Mo



24 '@*%g\

2025 4F:

1 (Cr,Mo) . NiTiH1(Cr, Mo )AHLABER i A0AS i 2
[ 53Af o FEHFRE A Cr Mo 93T, (Cr,Mo) #H
e 2 A R DL A AL . NI TR 18 i NiTi+
NisTi 28 1 1 2200 A . 22 140 2 B 40%
TA1+60% Inconel 625 I, K&t Cr 1 Mo £ i A A0 By
W O A/ B8 BDE I (Cr, Mo) #H . 24 %
340 1M 30%TA1+70%Inconel 625 i, (Cr, Mo)
[t 40%TA1+60%Inconel 625 ¥ 21 215 B 8%, Y4 i
73 M 100%Inconel 625 B}, 70 Ti g 45 I 1E A 215
)2 JERUNITI NG T, 38 o 36 5 S W Bl Laves
HH(Cr,Nb) . R AE M TAT F] Inconel 625 fit v BE 4
AR B S L A 171 HV,, 3] 852.56 HV,,, & Cr
FUE Mo AH B0 S B 0 TR o R IR BT A1 1)
SEIAHL SR EE M 1 762.18 MPa, i FE 1Y 7R 45 W %4y
J P T2

Metallographic sample
OM,SEM. & Hardness

Vertical samples

Compression samples

Horizontal samples

position direction

625 d
100% TA1+0% Inconel625 —r»

Ti alloy substrate

L H_J[\ De]
>

" ]
2
3

El5 TAl/Inconel 625 % W 55 K & E ¢

Fig.5 Macroscopic morphology and cross-section of

TA1/Inconel 625°¢

TEXL 22 WAAM il £ D RERS FE RS, AN [R] 44
Z B ST A R G N R, B A S
R B RS AR TR R B RE
JIRE I A5 o LA BE A BE AR Y 16 FNA
T B ORAS R RLZ B A FE M . SR I 24 1 TR
I AL B T2, SR v /b ST N g, HE v bR
SR

23 BRETESEWAAMIZHi#

WAAM i m] DL a o i 75 9k 31 SN 3 o5
ZEE N VAT B, MR ZUR I A Ak SR
O HH R AR i, IO A L A R A T B
BUBAER J127 kR, BRI A 25 1) Sk

Chen " 35 5 AR P B H AR, D SE 8 T
>R Fl WAAM J5 2 il 1 (1) Inconel 625 45 4 1 At bz 41
A2 ie s . AR AR A L, S I
P B AT AL i e MR B A i B 2 4 e, HL
RS oG R WA N 2 DR A o Y ORI DO TR G e
L TS R R B )N, S 3 Laves AH T Nb 7%
I A R R B T AR SR AR
PR T AR AR ) S A AR AR . RIS RR T <
001> [m] FY AL, iR nl e T REAL S A o diokigd
IR 04k 25 $2 5 T Inconel 625 A9 i IR5%E B, 78 0°
J5 16} F190°77 1) 3 S 5 1 13.2% F123.8%, K&K T
2

Wang “WF5E T #4357 %00 18 2o ¥ 45 i 3o V34 A4 1l
1 %) Inconel 625 A 4 19 B AL ZUR T 2= ERERY
SO, 2R, W57 T LA 35080 Inconel 625 4
G TR IR S RST, 29 R B S I 1 30%. 3%
PR R IR TR A A Z TRl R4 T R (40 Nb
Mo) AT, & & T TR Inconel 625 & 4 i FEY
J15 R RE o FERES T DURL Y Inconel 625 45 43 9 1
TR B AN Z R P A PR BETE A . SOWZE A i ARG
Y Ja ki gl Bl A IR T A 4 on R
A AT o
24 BETERE WAAMGAE

FEL I 22 388 b 1l 3 i 1) A BT R AR i T
FJE AT X DU AR RE R RO I . R
S el G Al A T AR B DT A PN S Al
SURFIEFNAT HOAH , 2 M B A 1 7 2 g . 3X
5 b B AR A B T B AR AR N ) RN oW A
21, T A R AL E

Amit™® F] ] TLBO (Teaching-Learning-Based
Optimization) 5.7 i B B3 K A8 1 T-4 AR X Inconel
625 BE A AT IR b3 . TR H AR Z B bR A&
T, 445 T T Inconel 625 T 455 i i) fe fE H K AE
T4, @it TLBO B LML, vT LIS & Lk
AN T3 A F AN T AR AR T, AT 7 B



555 1]

TR, 2 FSIVR 22300 ] i B o Y 15 e (O BTt 25

Inconel 625 J A5 RS AHIN T o X — 714 Inco-
nel 625 BRI S AL B A T —FBT g e 5 %

Himanshu ' B} 5% T J5 #A4L # XF T Inconel 625
M 096 4 1 B PR RE 52 . BRI i
52 Inconel 625 10 (14 i AR B, 10RE 7K )
A B e S AR TR B 248 HV, 3 H ] Al de e 63k
B B2 TR 1) 245 HV.. R K IR B 7 0] B BT Hiom
JESER , T KPUPLSREE 7390 794 MPa F1790 MPa.
283 AN TR B B T2 A RE A B A il 8 T A
TEZE 5,1 100 °CoK ERFR AN B I 7 H B i A T J65 oy
PEHE

Xu SR R Bl R IR 22 38 b 3 T
il # A4 Inconel 625 1R HE 7R FAKE B1US 1Y 2 G 414U
Tt Re ARtk . WFST R IR, Bifi 2 Ak BRI RS 1 T
[T | A YA IR N A 4 @ R R S T TR AR A
SRR . FERJEFE 1 200 CCHUALFR IS, URE B9 B
gtk ARLAE A JL TR k2R R BT UG
BEAR , B R FE A BE I 2L T Laves AHAYTE K
A Ak FoUs i AR R 43 BOR RS 3B s/ o #E
2FMERE D T, JeE R i B R S A R W SRS 1 A
A A8 0 32 PR Sy A A B A I AR
TSR B T YIS AR TR T

Cipriano" /i FH 45 25 U [l g i UL (PEAD)
i AR il £ Inconel 625 & 4, H-HE17 )5 #Ab #E, LIk
TR/ H R 0 22 19 i A 4, =il (1100 °C/
1 h) AL S T W 0 PSS BT R AL, 21
P B BEATR , [R]85 A% 1 A6 35 1Y Laves A8 AH
IR (980 °C/1 h) AL BEXT ok 4 Ak sz A B, HL
AERL A X 3805 S Laves AT S AHAGHT HE o 4551
FU, X 45 B oI g i O RR YA 1 25 17 Inconel
625 FEATH FIIAL B, AF T LURHIE
2.5 HEFEEE WAAM HEEL

BUER R F R T — D R &,
H AR TEA AT SEPR G IE B AE G0 T, 0 AP A il
T A AR Y S o o 3 ) AR R, DT R 1
TERCRIFREARNAS . ZEG Ml L F v R
A A2 X6 T DR E R 26 7 it P JB ot R M i 22 G
B, DL, IR R T A A AL
AL WAAM 33 A2 1) R T L

Huan “'#F5¢ T 5B AC AR WG T 1Y oI 22 3

#4 Inconel 718 & 4 ITHOULEE ¥4 . J1 2 RE AN BT 24 4L
il o 38 5 A% 3 /K 2% 2 J7 % (Lattice Boltzmann
Method , LBM) #47 il B 7480 53 B , T35 HE Jee i 2
AN B A I B A A S o AU R R FEA ]
PN FEL A IS TR A LIS 8 i e 3 A
D7) A T e o 3ok et 5 A 82 O ] 1) Ml e 23
AR KT ) A B, SR A R R B ) AR
1RREHL, HeAh IR EE B TR iR T WAAM
R I D i e Rt T R A Ak X6 A A R Ry
L RST (R S2 ] , DA R it o %) 5 1D 3 B4 an ] 3
QIR I51Y5R 78T e NN (TE 1 o7 A AN e

RN RIFSE T AE Q345 AR I HL BRI 22 18 A 1l
1 Inconel 625 54 1f F2 & A 1) 52 22 W) B4 2 I
N R R B9 B e A FR ek i T R A i
TR 8 = 2 72 AL AR o ¥R 373 ) 2 2 3 A ol A
AT T 08T, BE T3 T ESEEE R R XN R E S
AR SRR A S AR . 8 X AR AL A3 AT [ 1)
M A AT I AR ASTR] )2 (] 98 BT[] X6
i AR SRR B T LG O RS B
T 2250 PR E TIRE S IR
KO A LA T 3E A T Inconel 625 5 4
AR ASE40L T S5 3 SR 1 A DL SR
ISR EEY FARIR A, oA 1 e[ AR ey
i BRI TT R AW o BG5S RN R
S8/ Re e K Ve S L T G

H i, F IS A i i ) BB B = 2 R
BRI RE T, A A7 SR 2 4 h e 20U R
b X ROUL S5 A 1 T AR P RE YOG R = TR AR
fif o THOWZE R T A B BE A & B 5, (5
Zr BT A1 T 1 B4 O B B OUE L Y AR 4k
M Tt = 22 ROBEREADIEE 77 , XE LAVERS P 38 44 14 1
e ZMERE, TOIE S T8 O a5 A 1 R =2 8] 9
AR, WEREZ REHEBIEA , gar 5 R
JEE ) BRABE AR | 3o A Y o) i FIOUR 21) 25 00 1) 22 IR
JEE T O 235 ) 8 Ak 5 7 UL BRI R Ak, SEEXT
FARRA: FE B4 4 T Tt

3 SE5RE

FIT, FL IR 22 38 A4 1l 1 B R AE il 1 T 2005



26 F 5K

2025 4F:

5 TSR R T B T B It AT 17K
AT, U TARZATIERCR o AR, B X R 2R
I 4 HL A 2238 b A 3 B AT AT — L) 2 (] 7
e ZRAMTIE, SRR FH A B P ML AL i 75 1 H
AR, B i Il 5 < R IV 22 b ) e T T AR
HAERL R LT 1

(1) 5235 LG 22 58 b ol s A 2 el 5 e P B
WIS . HEHEIE 2P T M HE T2 5 A
ZUERERYSC AR B T RR I el 1 < F S 22 1 4
A PR SC IR BE B A B IR PR Y i 2 8l
TI2EAT R e AR B AT S KRR 25 1R
FUHE AL BAL R N A BB 16 6 B B4 T L ) 25 1)
R TE I

(2) FL SIARS 22 19 A il i B g Al 5 < A LT
Ko BUABREE IR A SR TSR E T 20
K, B B R PR BE A < AN T T R S 22 38 4 il
o Bra SRR FIEZ AR AR AT
R ORATTR AR LT R SR, XSS R
P S I AN AL 8 1 5 4 OO T v i P R AR
fE, I ZL R G IS A R E PEATIN TR RE

(3) HEL DIV 22 384 A 1l 3 B A vt 15 FAE PR T
A, IRAEHUR R R WAAM A R BE A — Ff
T B HAA PR BT ERZ T U2 5,
FHATE 2l A B L S B R . IR
AL FET5 VL, VLSBT 250 ) (OO 5 A A5 4% i) S
PEPERE

(4) %2 JEE G Kb BE T 22 04 e E i R R I 2234
PSR o e 2 L I 22 38 4 3 ol 4 1) T AF
ENIR SRR I NEIL; Z NI JORE T ik N E
SIRITHONZE 2, 5 0 a5 S AR BT 2 s
AE, B0 1 TSR T ] o DR, 5 S AR Ak B
T R I b i HOR il & Bt
5T ZZ80 WS R, 3T R RE , A1)
R TR AP EAMBETEE S1 o 5 e e A AR
P22 Dy AR BN AE I, o st Ay &
FABTH PR A P ) A RE RS R A

B
(1] skar b, ki, skwidm, 45 . & @A hlE R AR & i
PR [T, MRS 5 T.25,2022,30(01) : 42-52.

[2]

(5]

(7]

ZHANG L H, QIAN B, ZHANG Z R, et al. Summary
of development trend of metal additive manufacturing
technology [J]. Materials Science and Technology,
2022,30(01):42-52.

IhAEAR, A, EPCRH , A% T RE RS A 3 T
BB AT [T ). BRBH 2 B F i (A SR B
fi2),2021,18(03):32-43

MAZL,GAO M D,WANG QY et al. Research on op-
timization method of additive manufacturing process
parameters based on energy saving[J]. Journal of Sha-
oyang University (Natural Science Edition) , 2021, 18
(03):32-43.

Wu B,Pan Z,Ding D, et al. A review of the wire arc ad-
ditive manufacturing of metals: properties, defects and
quality improvement[ J]. Journal of Manufacturing Pro-
cesses,2018,35:127-139.

SRICAR AT, AT , 25 . RO il 25Tk
KA RRL K AL B AT FE BOIR [T ], HUREHIL, 2021, 51
(08):1-10+176

ZHANG Z D, HE S B, WANG Q P, et al. Arc additive
manufacturing process, additive solder and the research
status of post—treatment[] 1. Electric Welding Machine,
2021,51(08):1-10+176

IRBR TBERH , R . Inconel 718 BRI G4 AU HL
SIHG At i B 7 R (). A 84 Je n T, 2022, 51
(06):1-9.

ZHU Y, TENG S M,ZHOU M T. Research Progress in
Arc Additive Manufacturing of Inconel 718 Nickel—
Based Superalloy [J]. Nonferrous Metals Processing,
2022,51(06):1-9

Attallah M M, Jennings R, Wang X, et al. Additive
manufacturing of Ni-based superalloys: The outstand-
ing issues[J]. MRS Bulletin,2016,41(10) : 758-764.
PSR, AR MR (SDATED) HAR K [T AL
Ml 5 A 3h16,2013,42(4) : 1-4.

LU B H, LI D C. Development of the Additive Manu-
facturing (3D printing) Technology [ J]. Machine Build-
ing & Automation,2013,42(4):1-4.

BRI . LIS 22 b Ni625 A & 2 R kg [ D .
K KRAERAE, 2021,

ZHAO P X. The microstructure and properties of the
Ni625 alloy fabricated by wire arcadditive manufactur-
ing[ D ].Tianjin: Tianjin University,2021.
SRR, 5K SCSC, R R5E , 4 s KB R Bl &
G R B BRI T BEIET]. BJmeAai, 2019,55(09) -
1133-1144.



555 1]

TR, 2 FSIVR 22300 ] i B o Y 15 e (O BTt 27

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ZHANG G Q, ZHANG Y W, ZHENG L, et al. Re-
search Progress in Powder Metallurgy Superalloys and
Manufacturing Technologies for Aero—Engine Applica-
tion[J]. Acta Metallurgica Sinica,2017,47(08) : 60-64.
WAL, EH, PNVEDE, 45 3D FTENER B R A AT
FEHERE LT ] RS AUE THE,2024,16(07) : 76-95

CAO Y F, WANG R, SUN B D, et al. Research Prog-
ress of Nickel-based Superalloys for 3D Printing [J].
Journal of Netshape Forming Engineering, 2024, 16
(07):76-95

WANG Y, CHEN X. Investigation on the microstruc-
ture and corrosion properties of Inconel 625 alloy fabri-
cated by wire arc additive manufacturing [J]. Materials
Research Express,2019,6(10) : 106568.

RIGEHE  SHARE , MO, 25 R R i S 5k
R PRI il £ A F 5k Je 0] L K o i 12 AR, 2024
(03):1-14.

SONG X G,HU J X,LIN DY, et al. Research Progress
on Laser Powder Bed Fusion of Ni-based High-
temperature Alloys for Aerospace[J]. Aerospace Manu-
facturing Technology,2024(03) :1-14

WRIGE , 2 e B0, 45 . R B e T 1 i SRR
SERFREE WEFE AR LT ]R8 I T, 2023, 15(01) :
156-169.

CHEN J, LUO H, HE J, et al. Research Status of
Nickel-based Superalloy for Aerospace Field and Its
Laser Additive Manufacturing Technology [J]. Journal
of Netshape Forming Engineering, 2023, 15(01) : 156
169.

Tanvir AN M, Ahsan M R U, Ji C, et al. Heat treatment
effects on Inconel 625 components fabricated by wire +
arc additive manufacturing (WAAM) —vpart 1: micro-
structural characterization[J]. The International Journal
of Advanced Manufacturing Technology, 2019, 103 (9-
12):3785-3798.

Marchese G, Parizia S,Rashidi M, et al. The role of tex-
turing and microstructure evolution on the tensile be-
havior of heat—treated Inconel 625 produced via laser
powder bed fusion[J]. Materials Science and Engineer-
ing:A,2020,769:138500.

AN, SR, SRBAAS , A A I A T BT A e
BURLY]. 22 Tl 2B 41z, 2023, 30(03) : 15-20.
LIW Q,GUO C,WU S S, et al. Current Research and
Development of Arc Additive Manufacturing [J]. Jour-
nal of Lanzhou Institute of Technology,2023,30(03) :
15-20.

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

DA e, BRI ell, 55 508 A i IS b s 4L
ARBFFEHEELT]. HEHL,2023,53(02) :52-67.

FANG X W, YANG J N, CHEN R K, et al. Research
Progress of Wire Arc Additive Manufacturing Technol-
ogy for Aluminum Alloy [J]. Electric Welding Ma-
chine,2023,53(02) : 52-67.

WK, B NS  BOCHE R S B R B R g [T].
HIARAL,2021,51(01) : 17-22+119

YANG Y Q, WEI H M. Present situation and develop-
ment of laser additive manufacturing equipment [J].
Electric Welding Machine,2021,51(01 ):17-22+119.
Calignano F, Manfredi D, Ambrosio E P, et al. Over-
view on additive manufacturing technologies [J]. Pro-
ceedings of the IEEE,2017,105(4) :593-612.
Wl R XA, A R R SRS b ) i
W-Nb 5 43 (0 R B K I 2L MR, 2021,
35(82):448-451.

YANG G Y, TANG H P, LIU N, et al. Defect and Mi-
crostructure of W-Nb Alloy Fabricated by Selective
Electron Beam Melting[J 1. Materials Reports, 2021, 35
(82):448-451.

FRERE , SKRITH , BT B . 2208l oICS b i 38 B AR F
FEIUIR BT ], H AR AL, 2017,47(08) : 60-64.
WANG T T,ZHANG Y B, XIE Y L. Status and devel-
opment prospects of the wire arc additive manufacture
technology [J]. Electric Welding Machine, 2017, 47
(08):60-64.

TR, £ AR, 40A , 45 . MIG R4l AleCuMg &
G WRER LA N 2 EREESE [T ). TR n T (AR
JnT.),2023(10):6-13.

QIAO L P,WANG Y H,ZOU N, et al. Study on micro-
structure and mechanical properties of AlI6CuMg alloy
thin-walled members fabricated by MIG additive
manufacturing [J]. MW Metal Forming, 2023 (10)
6-13.

B R IRFL . IV 22 TR £ A Y
P WFIE IR I O B A S i [T, K4, 2020
(09):31-37+63.

LIY,SU C,ZHANG Y X.Summary of arc fuse addi-
tive manufacturing: physical process, research status,
application and development trend[J]. Welding & Join-
ing,2020(09) :31-37+63.

PREELDS, BV, SR, 45 . B IS0 B SO 22 TR
A 32 2 A & J BUR [T ). 48 454, 2018, 39.(8)
123-128+134.

CHEN G Q,SHU X,ZHANG B G, et al. Current devel-



28

43K

2025 4F:

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

opment of additive manufacturing technology for elec-
tron beam fuse deposition at home and abroad [J].
Transactions of the China Welding Institution, 2018, 39
(8):123-128+134.

FAR, 305, W, 45 . HUOIUHE A4 i 3 B AR AT 58 BUIR
FeJHa 7). kR, 2021,35(23) :23131-23141.
TIAN G, WANG W Y, CHANG Q, et al. Research
Progress and Prospect of Wire and Arc Additive Manu-
facture [ J]. Materials Reports, 2021, 35(23) : 23131-
23141.

Mostafaei A, Ghiaasiaan R, HO I T, et al. Additive
Manufacturing of Nickel-Based Superallloys: A State—
of-the—Art Review on Process—Structure—Defect—
Property Relationship [J]. Progress in Materials Sci-
ence,2023,136:101108.

A WA, D, B S RS A A
FEVERELT]. BEEHTE,2022,36(03) :206-214.

YUAN Z W,CHANG F C,MA R, et al. Research Prog-
ress of Additive Manufacturing of Nickel-based Super-
alloys[J]. Materials Reports, 2022, 36(03):206-214.
KT TR SRR, AR B R R b T i
FAR B HA AT I U, R Joe [0 ], 90 R s F oA
2024(02):7-15.

ZHANG N B, WEN S H, ZHANG J Q, et al. Additive
Manufacturing Technologies of Nickel-based Superal-
loys and Their Application in Aerospace[J]. Aerospace
Manufacturing Technology,2024(02) : 7-15.

Novelino A L B, Carvalho G C, Ziberov M. Influence
of WAAM-CMT deposition parameters on wall geom-
etry[J]. Advances in Industrial and Manufacturing En-
gineering,2022,5:100105

Karmuhilan M, Kumanan S. Location—dependent mi-
crostructure analysis and mechanical behavior of inco-
nel625 using Cold Metal Transfer (CMT) based wire
and arc additive manufacturing [J]. Vacuum, 2023,
207:111682

Kindermann M R, Roy M, Morana R, et al. Process re-
sponse of Inconel 718 to wire + arc additive manufac-
turing with cold metal transfer [J]. Materials Design,
2020,195:109031.

U, A, sk B, 55 . LIV 2238 B Rl G B HOR
WFEBLR S B [V ). AL 5 A 1k, 2024,53(02)
1-10.

JIANH F, YANG D,ZHANG G K, et al. Current Status
and Outlook of Wire Arc Additive Manufacturing
Shape—control Technology [J]. Machine Building &

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Automation,2024,53(02): 1-10.

Rodrigues T A, Farias F W C, Zhang K P, et al. Wire
and arc additive manufacturing of 316L stainless steel/
Inconel625 functionally graded material: development
and characterization[J]. Journal of Materials Research
and Technology,2022,21:237-251.

Jeong T W,Cho Y T, Lee C M, et al. Effects of ultra-
sonic treatment on mechanical properties and micro-
structure of stainless steel 308L and Inconel718 func-
tionally graded materials fabricated via double-wire
arc additive manufacturing[] ]. Materials Science Engi-
neering A,2024,896:146298.

Amiri V, Moosavy N H. Wire arc additive manufactur-
ing of functionally graded carbon steel-stainless steel
316L-Inconel625 : Microstructural characterization and
mechanical behavior[J]. Journal of Advanced Joining
Processes,2024,9:100194.

LULZ, TIANY B,CAIY C, et al. Microstructure and
mechanical properties of a functionally graded material
from TA1 to Inconel 625 fabricated by dual wire+arc
additive manufacturing [J]. Materials Letters, 2021,
298:130010.

CHEN Y H,XU M F,ZHANG T M, et al. Grain refine-
ment and mechanical properties improvement of Inco-
nel625 alloy fabricated by ultrasonic—assisted wire and
arc additive manufacturing [J]. Journal of Alloys and
Compounds,2022,910:164957.

WANG Y F, CHEN X Z, SHEN Q K, et al. Effect of
magnetic Field on the microstructure and mechanical
properties of inconel625 superalloy fabricated by wire
arc additive manufacturing [J]. Journal of Manufactur-
ing Processes,2021,64:10-19.

Amit M, Krishna P V, Yogesh P, et al. Post—processing
of wire arc additive manufactured Inconel-625 thin
structure by electro—discharge machining with TLBO
assistance[ J |. Materials Letters,2023,348:134672.
Himanshu S, Jonny S, Vikrant S, et al. Influence of post
heat treatment on metallurgical, mechanical, and corro-
sion analysis of wire arc additive manufactured inco-
nel625[J]. Journal of Materials Research and Technol-
0gy,2023,27:5910-5923.

XU M F, CHEN Y H, ZHANG T M, et al. Effect of
post—heat treatment on microstructure and mechanical
properties of nickel-based superalloy fabricated by
ultrasonic—assisted wire arc additive manufacturing[J].
Materials Science Engineering A,2023,863:111548.



555 1]

TR, 2 FSIVR 22300 ] i B o Y 15 e (O BTt 29

[42]

[43]

Farias F W C,Duarte V R, Felice I O, et al. In situ inter-
layer hot forging arc plasma directed energy deposition
of Inconel625: microstructure evolution during heat
treatments [J]. Journal of Alloys and Compounds,
2023,952:170059.

HUAN P C, WEI X, WANG X N, et al. Comparative
study on the microstructure, mechanical properties and
fracture mechanism of wire arc additive manufactured

Inconel 718 alloy under the assistance of alternating

B LEF 9N

[12]

[13]

WANG H D, ZHANG H, XU J N. Coordinated control
strategy for wheeled autonomous mobile welding robot
[J]. Transactions of the China Welding Institution, 2004
(03):4-6+129.

Haviland J, Sunderhauf N, Corke P. A Holistic Ap-
proach to Reactive Mobile Manipulation[J]. IEEE Ro-
botics and Automation Letters,2022,7(2):3122-3129.
T T30, B h A FEAR A5 AR S AR A A

[44]

magnetic field [J]. Materials Science Engineering A,
2022,854:143854.
4] . Inconel625 G 4 FL A2 I 4 3 S 40 4 AR 4
AT (D . P% PH22 T K2, 2022.
GUO Z. Numerical analysis of temperature field and
microstructure evolution of Inconel 625 alloy by arc
cladding [D]. Xi'an: Xi'an University of Technology,
2022.

SmAERMAE : http : //www.71dhj.com

TG — HL IS H B 1 e 21 41
2021,42(01):70-75+102.
FANG N W, HUANG R S, YAN D J, et al. Effect of

welding heatinput on microstructure and properties of

RELT]. MR,

MAG welded joint for low nickel high nitrogen austen-
itic stainless steel[J]. Transactions of the China Weld-
ing Institution,2021,42(01) : 70-75+102.

i ML : http : //www.71dhj.com



