Hs55E 2
2026 4 2H

wEERMISEIIE

RARE METAL MATERIALS AND ENGINEERING

Vol.55, No.2
Feb. 2026

https://doi.org/10.12442/j.issn.1002-185X.20250332

B E KA E#M IS TiIC/AI-Cu 8 &
20 0% BE LA AIZ L

AR, GAH? REH, A

B HpEAE, ARIR!

(1. b BiR K2 HUCRE & B shik 24k, Jb st 102206)
Q. JbrCAMmA TR HLk TRE2=RE, b 102617)

B OE. VORI A S TiC ORI 5E Al-Cu & & DR (R 0R: 4] 28 55 FURR BRI A5 Im) B, ASHIT JE 3 HE DR BRIE T — i T
F Ak Cultrasonic frequency pulse, UFP) FUYRYAHE 95 L2 B bA i T2 05 . TR A HI gl TRt 351800 T 1a i
WXL S AT N, A T A% 4t Marangoni SRS A IR, TERCE NS SRR AL A K, SEBL 1 6 e 2 37 i 37
PR ST R TSR ) SRR T TiC JBURLYE UFP BIE N IR S L 53R A WL, B Se 0o il
iR R ARG —8E. S4REWH, MBRTHM LY, UFPHEIVEBT BE8afbivhr, $&mAgysE, oG8 TiC M
KL ARG, FRARTLIR L Je A S5 S B BRI B0, T T ] s PE e AL-Cu & G MG SR AL T B 12

KRR AU, BRI, mE e BOWAS, Biasm

FEESES: TG146.272 RAARIRAS: A

XEHS: 1002-185X(2026)02-0389-08

1 58 5

FE 9% % BF #) i (wire arc additive manufacturing,
WAAMD 3 T~ B 5545 i 4 i 22 44 S B 1ml AR, 7
PORLRI 28 L8 3030 5 Y AR 7 T LA il i B
AR BN B X AT A T R O B R AR 45 R R e R
Al-Cu & & IIE V)7 K, WAAM AR Jy 3 Bom i &
bC 5 5 2% TURTREAE (R A 1 S 41 1w s i i 2™ 4R
1M, Al-Cu & 42 WAAM $ AR AE SEHL T AR AR A i 2 AT
T ek FOUE 2 2310 428 5 ke B 428 o R X0 Bk ik , G L = it /=
MR AT 5 AL GRS S BN ) 1 e & 1) S M R RO
RHE,

£ WAAM BBk B b, it (1 2h 248 4 [ 47 9 B
JE TR IR AMERE . T I TBAN [R) X I 74 2 28 22
T3 M SR AE S0 SR AR T TR B At X, T 0 X
B R B WU TT ) A B AR &S b4k, Al-Cu
B 4 B I Bk X 8] 5 S R R R, R EUZ ] [X
B 5y 77 AR AR ] 47 L2 Bk B LTS TR 7 1) 1)
ORI A 23 S35 PRACADRHE R 1. J7 1) PR Bk B 5 AR
mn 2251 R R A ) S e A% e S e, 7 B 240 A £ ) R
AT EEE

YR AR R I R AR T 5] N B RS 1 s It
BUASCR SRR . eI A 5l N A 2

ks HEA: 2025-08-06
HETH : F5K A RB2AR4 (52305331, 52475317)

AR I A AT, L RO TOAR J2 R L ) s RO o
IR A EECY, AT A R I ek FL B R B, (R R &
w5 L2 7N . RORLHE 9 S BOR O R A
PR EEAE T 8 K, TiC R R AL AT [F] 25 S
FLANAL 5 BB H] L (24 % WAAM T2 5 5 30 TiC ikl
TevE 5 15 b 4 J@ 78 0 TR AR & 28 2 T4 it A Ok A [
RGN, TP RRURL ] 5 AN TGV R T (1 38 5 2%
J M ] R BB ZRAN 5 50, B 28 5 08 1) FLIT ke
Rea » DT XS B R AR M B 7 A AN RS2 )

B T vy UK v ) DK B A A 3 BHU, G UK
(ultrasonic frequency pulse, UFP) FL It AT A5 R 5038 4 b tof
AR, X e R WA A R AL B B R EA . &
X ) R, AR 5 G b R Ak v AN B
S AEARA 1R (tungsten inert gas welding, TIG) HL 5 WAAM
T d e v ) IR R SE I B 70 AT R
HEVRTZ , A o TIC UKL A1 5 i AL 3Tk, AW TEOTRE 1
R AR B £ B 9N JE (variable polarity tungsten inert
gas welding, VPTIG) 1. 2 5 UFP-VPTIG L. & ff] WAAM
X EESRE, R T B S DT AR I T SRR A B ) A
B, SR T B UK E R B AL-Cu & &3 A 1
T ZR DL S B4 1) 3 o 75 P 1 TiC B0kE i % i 5
IIATHLH], ERAT m BUE A AL AR AR & B U TR E SR it
PR o

TEEBN AR, 5, 1994484 A, i as R AR TR M A 3hik~#B¢ , L 5T 100191, E-mail : jiangzihao@buaa.edu.cn



©390 ¢ WA EEMES TR

555 %

2 LW

WAAM 56 22 4t B AR R B A ] 008 Ak
PR TIG HL IR , B4 A4 )38 22 44 N EL A% 1.2 mm TiC/Al-Cu
EELH L TIC & &N 1.2wt%, 1% SA06 455 4 1F 3t
BRo K RIR R R 3 BT822 2 DURR SR G 1E AT B BE 1
R 1) & . BLSIZE B 3E FE N 15 mm/min, % 22 3 A
300 mm/min. 411 1 s, 3564 i 3 i 72 Hp o A 6 T
AN ) T AL (Meca M3-130U B0 55 #1485 72 v
IE I G AATLE T84 77 m A b5, B A s i
FRIE IR A it B A5 4T R, R AR AT % B N 60 FPS
(frames per second) L 5RFAJEFE B J7 1) F1 G #4 Y0 AR T
] 43 AARIE N TD A BD.

N T R AR R AR S DAL TR AR R
BT 3MRRE, — AR AR i, AR R
B 5 A Bk b+ W AR rEL AR S, (R R AR A [
W R W2 T — D U0 r AUk s 2 2R )
WAL, 3G HPII I N 180 A, B E A T ALK
9100 Hz 1E U] HE Ry 4:1 FAS AR 2 FRL IR

DURRAS B R IO 2 2R AE IR 2 A L S 4 Ak
TR i (Awt% S TR £ B0 J5 5 K 62 B 7% (OM,
Zeiss Scope ADME G &L AHH L. B HA o T R
% (SEM, JEOL JSM-7900 F) M 8% & 4 i 55 — A1 Al i 43

Additive torch

Substrate £ /

BT RIS A G 1 A S R R R
Fig.1 Schematic diagram of WAAM process and sampling

=1 BIEMHERRSH
Table 1 Current parameters of WAAM experiment

Base Pulse Pulse
No. Current mode

current/A  amplitude/A  frequency/kHz

1 VPTIG 180
2 UFP-VPTIG 160 40 20
3 UFP-VPTIG 160 40 40
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simulation
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Table 2 Boundary conditions of the numerical model

Boundary Temperature/K  Pressure/Pa Velocitj//
mm-s
Symmetry (ACDF) 0 0 0
Metal inlet (EDNM) 300 0 V=5
Metal outlet (BCKL) 300 0
Gas outlet (AIGF, EHIB) 300 0
Wire inlet 1300 0 v =240
Gas inlet (AFGI) 300 0 v.=420
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Fig.6 Numerical simulation results of WAAM process for TiC/Al-Cu alloy: (a) transient molten pool fluid flow during a periodic variable-polarity
cycle, (b) UFP-VPTIG molten pool thermal-fluid fields at multiple time points, (c) thermal-fluid field in UFP-VPTIG molten pool,
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Microstructure and Property Optimization Mechanisms of TiC/Al-Cu Alloys Prepared by
Ultrasonic Frequency Pulsed Wire Arc Additive Manufacturing

Jiang Zihao', Zeng Caiyou’, Cai Xinyi', Zhao Yuan', Yang Qingfu', Cong Baogiang'
(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 102206, China)
(2. School of Mechanical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract: To address the issues of TiC particle agglomeration and pore defects of TiC particle-reinforced Al-Cu alloys prepared by wire arc
additive manufacturing (WAAM), this study proposed a novel ultrasonic-frequency pulse (UFP)-assisted WAAM process. By modulating arc
thermal characteristics, this method enhanced convective and turbulent behaviors in the melt pool, transitioning from a conventional Marangoni-
driven flow to a more uniform dual-vortex structure. A computational fluid dynamics model was developed to trace TiC particle motion and
revealed their improved mixing mechanism with the matrix under UFP conditions. Simulation results were validated by real-time melt pool
imaging. Results showed that compared to conventional VPTIG, the UFP-VPTIG technique can significantly refine grains and improve
homogeneity. Dispersed TiC particles are more uniformly, and porosity and segregation defects are reduced. This study offers a promising route
for manufacturing high-performance Al-Cu alloy components.
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