526 455 10 )
Volume 26 Number 10

TEEREREFR

The Chinese Journal of Nonferrous Metals

2016 47 10 H
October 2016

XEHRS: 1004-0609(2016)-10-2071-07

PEIEFBAE M3 2A14 5 & & TIG [BiEHEk

RN T F I RERT R IR

MR, W=E, HEF, TRE BREH

(M 7RI PR S SE BB R T R 5 T S %, RS 150001)

8 E: b THGE 2A14 A4S TIG BECSKM B LS ) vhRe, 78 TIG Ml fidr, R 2R e AT o A% 3k
ATHEFE Py, P [ A REA FR SR NS N, SEMRE L U 20 e AT, AT I 21 40 A SR 422 3k Ao R g
B3k Jy A Re I H B, RO IR SO G R T AR AT I & . 45 AR R b b R ek 0 A 21
RAB RN, JREE ORI S DX IR SR FR AR AR O T 2l i, AR RTINS, B8 AR RS AR N B A S AN
Y. A PRk P R A, DUSRE i 246.18 MPa #2753 265.50 MPa, W5 KR i 5.33%14 0 £
6.47%. FHFE AT IR AN R O, BRI AR BTN RBERR BRI, AR T kR R R R

OEEEAS

KEIR: s AT TIG MG i, BRES Ariae

FESZES: TG457.1

XHRFRERD: A

BEGRA R J2E ke A bUS S tERe, 75
LS MR LA vz (S U2 R S 0 v
B E(TIG) H TR T O 980 BA &
WA BAES AT, S Flds i IR B, R0
BG4 TIG I8k i DRk 2 Sk dioRR K FLR B
%, FEECSBERAC, 7RSS .
N TSRS A TIG IR HESK I ) 2 Re, 2500 R
TIG M8 T & ATt

P T — P R LR AR BTy, 088 75 I e A
Fegit, SpeA sl K SR e s U,
CAWIER I, R B AR B T 55 A 1 dokr il 44,
P BT S R TR T R R R4 4R
04 P D B S T A v A ) PR B S
HAER

PR AN A — 58 AR, B I B A
[ AR o SN O ok e P i 2 5 AR R AT &2
G, PRI R BRI E S I TEAR, ks
PR I Rh R P A B R Rl
YA A AT LA Dl A IO A,
R 75 U0 (1) B R S M A b (R U B0 B e ], R DA Ak
ek diokn, $& ek m i E e

T 7 IR, H AT, A Pl 7

EEUH: BEKARFIAIL ST SR BIE (51435004)
Igis BEA: 2015-12-15; &iTHHEA: 2016-04-16

BRI T id e — PO e R i L oA o) A it 1
BT A U 1 S — o P i T K [
SELERER b, R P R I [ A R A A i A
SR, IR PR AR R TR T ik H TR AN e ¥, 1547
FE—Lel . i TR R IR R, IS Pl
SERETA, RS RIS AR, SRR,
S B NI it A S R RE R, B (AR P AR A
o R I T HSKREDEAERER b, AEAR IR R
L, RERA SR AR P A NS T P
RHUZ, HFRERARRORN, by B e i,
PR RS RE T B diss, AR Tl A =
BREBOR NS N PRI, 7 B el A A
FIZR, TR R Rl Tt e e Sk A 2R g 2 P BE 1)
Py, ALZRBEVE T IR P B TR 2% o

N T RPRER Ll L, ASCAEF Bt T POk
PR B I 7V . 7 TIG MR e rh, 7Edith
JaJ7 — B BRLE AL, R P RS TR M o e 5
R, R 5 P B M A RS AR G4 NI A
PERy S e LB St S A1 W1V << VARl U i VAV wdl I R
BARFFAAL . ORI AT 20—, SR
N[ AR IR GE AR NSRRI, P R I A
AEES S ETRa PR V(1WA VAT wthadt bl R

WIEEE: WEM, 2P, b Hib: 0451-86418775; E-mail: yangel9@hit.edu.cn



2072

PR R AR

2016 4 10 A

KARFFAAL, KPR A RE D, ORI A R
FRERAE T

AR SCA A A T3 Fof Bt e R 7 ol 7 45 I Tk
2A14 B AT PO B, WIS 1 B 7 v o ox
2A14 B34 TIG SRSk B LA ) A TR RE R R,
[l IR 23 A7 7 P PG T 2A14 5554 TIG 545k
WAL A

1 525§

AHWFFUITAE ] A BEAR P ol e % P 1 s,
B BRI KRG, 0 75 il R GEARR
ARG, A RSB A IR RGN T RS
P IR AR SRR T Y g A TRk,
PR ARSI RS A el 2 T H S 1
PR RER RS S-422 Al Jo 4 08 75 S5 I ) e N [ A RERE P 5
J I RGN S TR GEHL, AR i

RS ST ST ST

ARG NS ), S TR SR
MLkt . S T H SRR AT BT
i, K T PR R P U AR Bl A N B it P 5

FIFH 06 4 mm R 2A14 55 5 AT PARO6)
IR, JF45°Y BB, Bl 2 mm. fF AR 2260k
4 ER2319, HEAN 1.2 mm. BEM KR L2 R n gk
1 i) e AHFFEHT 042 Fi il A Dynasty 350 A8 il
RN, MEERRIESHNE 2 Bil, K2 ENARE
HLg SRR, BP AR AR E e . LAt R
SN WREEE N 150 mm/min, GAREN 15
L/min, H98EE K 3 mm, 2£223E 5 A4 1800 mm/min.
e 25N R 3 .

I 5% 2 S 38 (OLYMPUS-PMG3) Rl 471 41 Hi 45
(Hitac-hi-S3400N) i K7 4z 4 Sk A 48 i AT\ 1 2 4 2
LTSS, AR T 7 REIREGAL(CSS44300) %) 2A14
A4 TIG BR3Sk h i ) 2 ERe ATk, AR B
IR A (OF V-505/500) % %5 i1 2 17 (1) 9 2y 12 A7 )

=
Ho
Pressure system

Ultrasonic vibration system

Welding torch

Bl 1 B S b S W N

Fig. 1 Schematic diagram of experimental apparatus of ultrasonic impact during TIG welding
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Table 1 Chemical compositions of base metal and filler metal

Mass fraction/%
Material
Cu Mg Si Zr Mn Fe Vv Ti Zn Al
2A14 4.48 1.68 1.24 0.81 0.59 0.43 0.29 0.15 0.00 Bal.
ER2319 4.33 0.91 0.62 0.29 0.70 0.00 0.33 0.55 0.26 Bal.

&2 TIG LS
Table 2 Parameters of TIG welding power

x3 AL ZH

Table 3 Parameters of ultrasonic impact

EA/A EP/A Duty cycle/% Frequency/Hz

300 180 75 100

Ultrasonic Treatment Interval Impact

frequency/Hz time/s time/s frequency/Hz

20000 0.2 0.3 2
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Fig. 2 Microstructures of cross section at TIG weld center of 2A14 aluminum alloy: (a) Without ultrasonic impact; (b) With

ultrasonic impact

(2)

B3 2A14 554 TIG SRR G X S AGE I DX Y B 47

Fig. 3 Microstructures of fusion zone and heat affect zone for TIG welding joint for cross section of 2A14 aluminum alloy:

(a) Without ultrasonic impact; (b) With ultrasonic impact
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Fig. 4 Effects of ultrasonic impact during TIG welding on
microstructures of longitudinal section for welded joint of

2A14 aluminum alloy: (a) OM; (b) SEM
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Table 4 Tensile strength and elongation of welded joints

Sample Tensile Elongation/ Avere.ige Average
No strength/ % tensile elongation/
' MPa strength/MPa %
1 243.71 5.40
2 246.24 5.28 246.18 5.33
3 248.59 5.30
4 264.80 6.12
5 264.50 6.40 265.50 6.47

6 267.18 6.88
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Fig. 5 Fractographs of welded joints of 2A14 aluminum alloy:

(a) Without ultrasonic impact; (b) With ultrasonic impact
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Fig. 6 Effect of ultrasonic impact during TIG welding on

vibtration of weld pool
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Fig. 7 Schematic diagram of vibtration of TIG weld pool
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Effect of ultrasonic impact during welding on microstructures and
mechanical properties of TIG welded joint of 2A14 aluminum alloy

CHEN Qi-hao, LIN San-bao, YANG Chun-li, FAN Cheng-lei, QU Hong-tao

(State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In order to improve the microstructures and mechanical properties of tungsten inert gas(TIG) welded joint of
2A14 aluminum alloy, ultrasonic horn periodically impacts the seam during TIG welding. The ultrasound propagates into
the weld pool through the weld and base material, so that the ultrasonic energy can effectively influence the fluidity and
crystallization of weld pool. Finally, the grain was refined and the mechanical properties were improved for welded joints.
The results show that the microstructures are significantly improved after applying the ultrasonic impact. The grain is
changed from the column grain to the equiaxed grain in the weld center and the fusion zone, and the grain size decreases
in the weld center. Moreover, the distribution of the second phase becomes more uniform and the size becomes smaller
after applying the ultrasonic impact. The ultrasonic impact during TIG welding can improve the tensile strength of
welded joint and it is improved from 246.18 MPa to 265.50 MPa. The elongation is improved from 5.33% to 6.47%. The
ultrasonic impact can improve the fluidity of weld pool, which results in an uniform temperature, so that the form of
equiaxed grain and the grain refinement can be promoted.

Key words: aluminum alloy; ultrasonic impact; TIG welding; weld pool; microstructure; mechanical property
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