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Table 1 Chemical compositions of 2219-T651 Al alloy
Cu Mn Fe Zn Si Al
6.62 0.27 0.11 0.04 0.04 0.04 NS

fii Fl IPGYLS—4000 %! St £F 38 % #% If i i
Precitec 4R 503k AT OGRS IESE, B 1E Sk,
KSR 99.99% MY AT =% (FWK . BT
) RO, BOCEERE R + 3 mm If AR
YER TR 3R, BOCTh AN 4 kW, JR4E 3T N
3 m/min, JEHEE 5 TR DY 0 B ) 3, $E AR
0 ~ 400 Hz, #ESIEEE R 0~ 2.5 mm. FEHE5E R
Je v BR8] MG325 B X SR b Lt
A FLEEM, B 5 8 F Image-Pro Plus 6. 0 204 %)
SALURGT R it v gt TR AT rY
R FE R B4 S LR

FH 4 U1 %0 U1 B4 A R, 4T 8 % )5
Keller i3 (2.5 mL HNO; + 1.5 mL HCI + 1.0 mL
HF + 95 mL H,0) #£ 17 J&§ i, H] Nikon ECLIPSE
MA200 {5 5  W i85 A1 HITACHI SU6600 %!
T BB WA O 2, F X 2R R
LA TGRS M. il HXD-1000 7 8 fil 4 A
JEE T 12 S 1A R 0 i, Gk B A b T
1 mm, IR AP 0.2 mm, JNZkams 0.49 N, fRzk A}
6] 10°s. & B 5 il DY Ch Al Re, ROGT Al 1
Fis, i FEIRE A 2 mm, i INSTRON 5982 #4775
REAPEHASS AL THARES, HHEE R 1 mm/min.

| 23
w_--__%é.__% -
45

B it R REE (mm)

Fig. 1 Schematic diagram of tensile specimen size
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Table 2 Formation of joints under different oscillating
frequency and amplitude

LB LS g Y& 5L IETR SALE
fHz A/mm w/mm h/mm P(%)
0 0 3.9 3.6 8.81
50 1.5 4.0 3.4 7.14
150 1.5 4.5 3.2 5.56
400 1.5 4.4 3.1 7.29
150 0.5 4.1 3.7 7.66
150 2.5 4.7 2.7 1.66
. 1 cm
(a) TCEEBIATCR AR
.
2 ‘mm 1 cm
(b) BB 50 Hz, #EFIREAE 1.5 mm
Zilnl 1 cm
(c) IR 150 Hz, £201RE 1.5 mm
»
2&1111 1 cm
(d) 2h45% 400 Hz, #E801RE 1.5 mm
ZLml 1cm
(e) EEBIHR 150 Hz, {ENIFE 0.5 mm
1 cm

() #EE % 150 Hz, $25IEE 2.5 mm

E 2 1REMERER X ASFAENER

Fig. 2 Macroscopic morphology and X-ray porosity test
results of the welds. (a) without oscillating frequ-
ency and amplitude; (b) oscillating frequency 50
Hz, oscillating amplitude1.5 mm; (c) oscillating
frequency 150 Hz, oscillating amplitude1.5 mm;
(d) oscillating frequency 400 Hz, oscillating
amplitude1.5 mm; (e) oscillating frequency 150
Hz, oscillating amplitude 0.5 mm; (f) oscillating
frequency 150 Hz, oscillating amplitude 2.5 mm
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Fig. 3 Weld porosity under different oscillating frequency
and amplitude. (a) oscillating amplitude1.5 mm;
(b) oscillating frequency 150 Hz
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Fig. 4 Microstructure of the non-oscillating welded joint. (a) integral joint; (b) weld center; (c) HAZ; (d) BM



10 B

F #

% 44 %

* 3 REFEEBEINBEINER (REHE, %)
Table 3 EDS results of the non-oscillating welded joint

VA= Al Cu Al REAH
1 98. 14 1.86 a
2 78.45 21.55 o+0
3 93.09 6.91 o
4 78.17 21.83 o+0
5 94.42 5.58 o
6 77.64 22.36 0+0
7 58.66 41.34 0

a(Al) + 0(AL,Cu) H S AR, =243 A0 76 KL 8 18] A0

(a) TCAZ BN R

(b) £ 50 Hz, $25h

AR T RGE I CREEA, BTG IX S Cu 3t
A AR B, AL X a(AD) FEPRH Cu TR
TR,

W] 5 Sy A [ 428 S 000 58 R B2 R 4% v 0 B
AL, SR A 150 Hz, 2SR N 0.5 mm
B, R TG R RS R TCEE B B AH 2 AN K. 4
BNREEN 1.5 mm I, BEE SRR A HE &, FoRLR
PR AL, SRS 150 Hz B, BEE 23R
JEHEE R 1.5 mm A1 2.5 mm B, 78 G044k
Dy TR F B

1.5 mm

£ 1.5 mm

(©) EEEIFE 150 Hz, S

(d) 4% 400 Hz, %fmmarg 15 m

(&) SN 150 Hz, SEE0HRFE 0.5 mm

(6) B 150 Hz, 2 IRIE 2.5 mm

B 5 AEIRNINEFEE T IR PO RAR
Fig. 5 Microstructure of the welds center under different oscillating frequency and amplitude. (a) without oscillating
frequency and amplitude; (b) oscillating frequency 50 Hz, oscillating amplitude 1.5 mm; (c) oscillating frequency
150 Hz, oscillating amplitude 1.5 mm; (d) oscillating frequency 400 Hz, oscillating amplitude1.5 mm; (e)
oscillating frequency 150 Hz, oscillating amplitude 0.5 mm; (f) oscillating frequency 150 Hz, oscillating amplitude

2.5 mm
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Fig. 6

(e) FZR 150 Hz, #3hIHE 0.5 mm

() 3N 150 Hz, #2315 2.5 mm

Bl 6 AEHEShITER R E T L0 B RE

Microhardness of the joints under different oscillating frequency and amplitude.(a) without oscillating frequency

and amplitude; (b) oscillating frequency 50 Hz, oscillating amplitude 1.5 mm:; (c) oscillating frequency 150 Hz ,
oscillating amplitude1.5 mm; (d) oscillating frequency 400 Hz, oscillating amplitude1.5 mm; (e) oscillating
frequency 150 Hz, oscillating amplitude 0.5 mm; (f) oscillating frequency 150 Hz, oscillating amplitude 2.5 mm
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Fig. 7 Tensile strength of the joints under different oscil-
lating frequency and amplitude. (a) oscillating
amplitude 1.5 mm; (b) oscillating frequency 150 Hz
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(a) TCABEIFA AR

(b) 3= 50 Hz, #3hIEE 1.5 mm

(c) HEBIHAR 150 Hz, 1231 1.5 mm

(d) B 400 Hz, $B500RE 1.5 mm

() 3% 150 Hz, 230 1E S 0.5 mm

(f) IR 150 Hz, 123h1FE 2.5 mm

B8 AEZEFNSAEMMEE T HLa T 0 RE R IR
Fig. 8 Fracture macroscopic morphology of the joints under different oscillating frequency and amplitude.(a) without
oscillating frequency and amplitude; (b) oscillating frequency 50 Hz, oscillating amplitude 1.5 mm; (c) oscillating
frequency 150 Hz, oscillating amplitude1.5 mm; (d) oscillating frequency 400 Hz, oscillating amplitude 1.5 mm;
(e) oscillating frequency 150 Hz, oscillating amplitude 0.5 mm; (f) oscillating frequency 150 Hz, oscillating

amplitude 2.5 mm
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Fig. 9 Ratio of fracture hole area of the joints under different oscillating frequency and amplitude as well as
corresponding relationship to the tensile strength. (a) oscillating amplitude 1.5 mm:; (b) oscillating frequency 150
Hz; (c) relationship between ratio of fracture hole area and tensile strength
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