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WE: UAREZE RN 2319 A6 4220 N JEMRL, SR L T2 4R o I i FR IS B4 il 3k 1.2 (wire arc addictive
manufacturing, WAAM) il % 2319 8144, WF9E T 405 5% WAAM 2139 454 4 10 B 23 B 124 PR RE RS2 I
SERFEW, N Y TCE T A BRI WAAM 2319 5544 1 ks, 20 S Ak K 55 — ARSI AL VR P 3, )42
SR T I ROE AR H  ZT AR OBCEE, TRI, AR B RS WAAM 2319 884 & Th LB I RN L 43 A
PR R B A2 B RN, G A R B AL A A AR SR ST A R AT AR B RE R, AR G A A A Ve U
/N, FEWAAM 2319 86 4 aob RS S B8 N5 3 ka3, i B A iR sk B 2 0 LTS TR
B WS HCRBHT T, 242888 0. 15% I, WAAM 2319 8454 F I RN S5k, BIBLHISRE 484 MPa.
JE IR B 348 MPa FIWTJF 2R 10. 5%.
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Table 1 Chemical compositions of 2319 aluminum alloy wire with different Y content
R Si Fe Cu Mn Ti Zr % Y Al
Y00 0.018 6 0.065 4 6.62 0.262 0.152 0.126 0.096 9 0.001 At
YO05 0.018 4 0.064 5 6.74 0.281 0.132 0.130 0.087 4 0.047 NS
Y10 0.018 1 0.063 6 6.78 0.284 0.139 0.144 0.083 2 0.098 N
Y15 0.0193 0.064 1 6.72 0.284 0.124 0.120 0.0809 0.149 NS
Y20 0.0202 0.0610 6.79 0.282 0.132 0.128 0.088 6 0.196 N
Y25 0.024 5 0.063 0 6.58 0.268 0.113 0.113 0.069 7 0.243 At
®2 WAAM RESEIZSH
Table 2 Process parameters of WAAM process
MEEREIA  RIRREUNY %22 v(m min ) MRS Vi(mmes ) PSRRI QL min ) SRV HI g
98 11.2 6.5 8 25 60

IR

B 1 WAAM EdRETER

Fig. 1 Schematic diagram of the WAAM process
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Fig. 2 Porosity defects of WAAM 2319 aluminum alloy with different Y content. (a) YOO alloy; (b) Y05 alloy; (c) Y10
alloy; (d) Y15 alloy; (e) Y20 alloy; (f) Y25 alloy
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Fig. 3 Microstructure of as-deposited WAAM 2319 aluminum alloy with different Y content. (a) YOO alloy; (b) Y05 alloy;
(c) Y10 alloy; (d) Y15 alloy; (e) Y20 alloy; (f) Y25 alloy
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Fig. 4 Grain size distribution of WAAM 2319 aluminum
alloy with different Y content
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Fig. 5 SEM of as-deposited WAAM 2319 aluminum alloy with different Y content. (a) YOO alloy; (b) Y05 alloy; (c) Y10 alloy;

(d) Y15 alloy; (e) Y20 alloy; (f) Y25 alloy
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Fig. 6 EDS analysis results of precipitated phase of WAAM 2319 aluminum alloy containing Y. (a) intragranular Al,Cu
phase; (b) Al,Cu phase at grain boundary; (c) AlgCugY phase at grain boundary
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Table 3 EDS analysis results of precipitated phase K 7 %t T6 #u AT 5 WAAM 2319 454
e EE RESEWE)  ETa%) SO L. A& =1 WAAM 2319 55 &
G BT A (ALCu) RF 5 B 22 TR A5 A
meancal .0 WA BRI B2 52 o 0 8 A B B
Cu 28.34 14.38 SR AR AR B TG 22, 3k S A 32 R R [ %
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Fig. 7 Microstructure of WAAM 2319 aluminum alloy with different Y content after T6 heat treatment. (a) YOO alloy;
(b) Y05 alloy; (c) Y10 alloy; (d) Y15 alloy; (e) Y20 alloy; (f) Y25 alloy
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Fig. 8 Precipitated phase morphology of WAAM 2319 aluminum alloy with different Y content. (a) YOO alloy; (b) Y05
alloy; (c) Y10 alloy; (d) Y15 alloy; (e) Y20 alloy; (f) Y25 alloy

2.2 SiEFtegefn O®ER
2.2.1 Ji%1ERE

& 9 JpA[EAZL & WAAM 2319 5144 T6 #4
ARFRJE () S VERE . RUSINELIN A &0 12 A P RE 4
1%, HHhrsmE 410 MPa, Joi ISR EE 300 MPa, )5
R 15.0%. BN Y TG, &8RP .
o b o b B v, WS A RS R R R
RN, A4 1Rk RE BN S B A
B WE PR R MR, M &5 R 0.15% B,
B AW IR IR B AR, BIPTHI58R 5N 484 MPa.,
Je ISR B 348 MPa., Wi J5 i 3 10.5%. J1# kg
BT R 3 A7 T R R A, — & 42 A
YAk T HERLAR Y SR, AL SR AL AR s R
B AR T A R AL EE = T O AR Y R, B T
M SR AL AR s = RAZ IR INTE &2 TP IE L T &
FLIEE M, R EIEE —MIBRILIE. BEE S SRR

HE— BB, WAAM 2319 455 4 12EtERER T
R A, SXJE i T 0 v b, A [ 7
PR, B ASGRE RT H A SR AL A 079 B RIS
TR [, PR AL & 2B, A4

>0 |

—— AR
—— WifE R

53
(=
(=]

T

—

>

~
3
IS
WG R 4 (%)

L
—_
(=)

b R, /MPa
JERGEE R, /MPa
z g

W

(=3

(=]
T

250 1 1 1 1 1 1
Y00 Y05 YI0 YIS Y20 Y25

B9 ARE4LZEE WAAM 2319 A& teE
Fig. 9 Mechanical properties of WAAM 2319 aluminum
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Fig. 10  Fracture morphology of WAAM 2319 aluminum alloy with different Y content. (a) YOO alloy; (b) Y05 alloy; (c)

Y10 alloy; (d) Y15 alloy; (e) Y20 alloy; (f) Y25 alloy
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