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FrEtkRE. SARMA UPSWC ik, ks figfl 100 A, fkrfisiz 40 kHz, &2sH 20% i, E3Guhmsm Mg E ik
SadEsy 22% M 111%.
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ABSTRACT In order to overcome some problems in variable polarity gas tungsten arc welding (VP-
GTAW) employed for welding aluminum alloy components, poor strength and ductility of weld metal,
solidification cracking and weld porosity, a novel ultrafast—convert high frequency pulsed current VP—
GTAW technique is developed. The current converting speed in the novel technique is enhanced from
less than 10 A/us to more than 50—100 A /us and high frequency pulsed current which has a frequency
of more than 20 kHz is exactly integrated in the positive polarity current duration. It is expected that
the novel pulsed VP-GTAW technique can improve the weld quality of aluminum alloy significantly.
Thus, it is imperative to understand the effect of pulsed current parameters on the weld characteristics
in the pulsed VP-GTAW process. The measured results of 2219-T87 high strength aluminum alloy
weld joints show that the application of ultrasonic pulse current makes the coarse grains in weld zone
change to the fine equiaxed grains, and a band-like zone with finer equiaxed non—dentrites appears.
The width of weld fusion zone is obviously decreased and the mechanical properties of weld joints are
predominantly improved. The improvements of the structure and weld properties can be significantly
enhanced with the increases of the ultrasonic pulse current amplitude and pulse frequency, and decrease
of the pulse duty cycle in certain ranges. Compared with the conventional VP-GTAW, tensile strength
and elongation of weld joints are increased by about 22% and 111%, respectively, under the conditions
of pulse current amplitude of 100 A, pulse frequency of 40 kHz and pulse duty cycle of 20%.

KEY WORDS high strength aluminum alloy, ultrasonic pulse current, variable polarity, equiaxed
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2219 EiREE A e E AN R i S ERE e iz
FIFMERMBRSE 20 D2, R R T
2T 2219 BRG e AR, Bk iR B RE S A B B
MaIRI 50%—60%, HAflmmuk B, maEkaT
2219 J\aan LR TRV A. degmite 2219 #54
(AR R 2 B 25 45 Tl & R AL SRR, Mitt, F
FI R T — P AL R Yo A5 4 2 4 ik 28 et TIG sy
AERE 2 (hybrid pulse variable polarity TIG, faifk
HPVP-TIG) . Wy WFse4s S0, 768 P28 ot it
P R e R 5 | N Uik ob 7 8 FEL R (ultrasonic
pulse square-wave current, &g UPSWC) & &1E
FAIEG BEUCHC K b AR IE 2SR, X R B AR SR I T
AR Y BRI A2 A B, A T GRS
e OO Hi, s UPSWC 23
X 2219 ERES A S R AEROW A SURTE Sk J1 2R B B TR
s, v HPVP-TIG s olUR T 20 SEbr 1 R 42
W, B IR EE A s AR .

1 ZEHE

R R IR E Y 4 mm iy 2219-T87 &4
TR, ARG (BTG %) A Si 0.2, Fe 0.3, Cu
5.8—6.8, Mn 0.3, Zr 0.18, Al #&f. % J12¢veaem
W, BEMRPTRIERE Jy 446 MPa, Wijs K% 11.7%.
FREAAME RS AE  200 mmx 100 mm, X FEAR4E K
200 mm, I B0, EREZXHAER N 2.4 mm 1
ER2319, HAb2misr (k%L %) A: Si 0.2, Fe 0.3,
Cu 6.3, Mn 0.3, Zr 0.14, Al &, Eaidc AN AVIE
FlHEAR L BRI R T A S, AR5 R AL 2 1 B s
(10%NaOH+-15%HNO3) LBrFmEILAEE. K VUG
P LR 22 ER2319 A (L.

B 1 Ry P de 52 G ko7 i A8 ARV H T O R
E. FEIERYERERRREEE ¢ A, SEEIERTE
Ve 2 B — ZR 5 AU e U 2L ARG, B 34 PR ik o {9
FREEWF R Lo, DK EAE f AR (R A ¢, Rkl
Ja=1/(ty + 1), HEH 6 =1, /(ty +1},).

144 HPVP-TIG Rt 2, UPSWC 5
FEEER L, MEEBRR [, 2025 ASCFEF
FERK R IR Top(Tpp=1Ip — Ip). BKWHFMRE fau
PR ZH 6 3 MHIESER L. 70 2 H Il
AT, R B N 22 5 xR S I PERE Y
R, IR 2219 SEREGSREREER, L
SR ERERFE AR AR o HAFE—EE
Bl N 3. kb g7 ik s B A R iy R T BRI AR
feid A, AIEERBENKE T, AR e WREMT
xz .

L =[0I + (1 - 8)Ig]'/? (1)

BeidkEor o 6 41, HARES Rk 1 #hrR, Hh

inl
[

1 EA Rk iR s i i R B R
Fig.1 Schematic diagram of hybrid pulse variable polarity

current waveform

% 1 HPVP-TIG 3 EE2%
Table 1 Main welding parameters of HPVP-TIG

Sample g Iy Ip, Ipp=Iy—1y, fu §

No. A A A A kHz %
1 155 - 155 - - -
2 126 100 200 100 40 20
3 129 95 155 60 20 50
4 129 95 155 60 40 50
5 139 80 180 100 40 50
6 138 60 160 100 20 70

No.1 iR HAARMA UPSWC V& # A AE J7i% B IR
HERETZ2H0 0 B2 Husii 100 Hz;
Wt 195 A IR PR FFZERT IR 4 @ 1, W i
Wi EARH 3.0 mm ) WC20; HREE 5 & a4t K
PR 3 mm; S2E58 120 mm/min; RSN
5@ Ar, Jihty 15 L/min.

W H TRaEn 7 i VI & A AR, i Keller it
7 (2.5 mL HNO3+1.5 mL HCl+1 mL HF+95 mL
HyO) xHGikeeit b= ik, 1562 B (OM) i
FHi 7 Base (SEM) FULEMR4E B 414, Sk RS
KRR L. B PUE4E A REF7E D/max 2200PC
Al X ML (XRD) _E#EFTHIARG . SRASSAE T,
K Y # 2 BT ARE 7 1n VIR R, R T2
3 Mk#E, I DWD-50E AL 7z il s Al bk 474
Sy, SR 2 mm/min. ] DHV-1000 %
FRYER (HV) 05 B TR AR5 3k 64 7 I Al 2 )
I, iz 1.96 N, {REFE 15 s.
2 LRERSH
2.1 (REERMARYHE

Bl 2 AARFRESECT 2219-T87 Ha etk
JREEIX ) BAALZ. RImA\ UPSWC 1ERIBT, Bk 842X
HAL KRS E (B 2a); A UPSWC {EH 5,
JR4E AL S o 3, JF AR R g h il i Bl T 5L 5R0R
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SEREH HL AR AT B/ D RAE R A, H AR
ST S S R M ARISL, FF5A54E A Sl A
MG (B 2b—1). 1A 3 2 No.2 ilkriaE X
PN AERIR R 5 A/ DR AR RO LS SEM B, 54
AR S i PR E IR HH A 55 AR 7 (18] 3a) KIA, 4
/NEERIEE R IO ), R R RIS Z L A (& 3b).

(2)

Y fikit L FUIRAE 60 A, kil 20 kHz, (5251 50% i
(No.3 i#), R AP R 20 23 pm (& 2¢). 2
SNkt LSRN, R R R R SRR A
U, PR ROT #2123 p (P 2d—f); [k
A8 3 ANFHIESRL, Bk IR (L2 100 A, 3 hnfik
MR 40 kHz, HUN 2SR 20% B, kDA AL B

B2 RREZSHT 2219 §444 HPVP-TIG 548X [ B
Fig.2 Weld zone microstructures of 2219 HPVP-TIG samples No.1 (a), No.2 (b), No.3 (c), No.4 (d), No.5 (e) and

No.6 (f)

B 3  No.2 iRXHIR4E XML 5 4/ DR A4 SEM &

Fig.3 SEM images of equiaxed dentritic structure (a) and fine equiaxed non—dentritic structure (b) in weld zone

of the sample No.2
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itk TR SRR SFRUNE 15 pm 247 BI(1& 2b).

Bl 4 AAFRRESECTIRAEE & XM AR, R
A UPSWC 1R, 4845 & X T8 B HLBCR, Ky 480—
560 pm, FH eI KE4E X — MG & KNG —%
A 40/ N (equiaxed zone, EQZ), HA4UE
S-S T s ek B S R 21 22 V(1 4a).
A UPSWC fEH )G, fRaeks & X EE—EfRE LF
e (B 4b—f), HiEG X 9825 UPSWC
FHES B R E R, Hir, No.2 SRR 45 & X 50 B it
/N, R 220230 pm, HKESEAR4E X — M & X%
EQZ A S, W AL LA AR 25 it 7 AR R i otk it 21
241 (columnar zone, CLZ), 345 [aftag .0 (K& 4b).
2.2 ELARWAHIIESR

42 I 45 i L 2 ph AR A A Ry S I R AR R T
Fmn [0

G < 0.061N;°[1 — (ATx)?/(ATC)P| AT (2)

K, G HE /B FE AT RO B E, No AHEY
SRR, AT HAEHSIIEZ GRS E, ATe AR
m AR AR . B2 (2) WIHENT, FRAK Go FIsgn
No [ 2 e AR A48 4 i 45 i 20 23 R LR ASE o ey 48
AN EEAR. AE 2219 A4 HPVP-TIG {4,
A UPSWC fEH G, MO A& 4 3218 r= AR ik 3
IIVER, ke Zak i HiE, Fer, UPSWC £ ik
FH HEOIIE T 7 DX380E N 5 K 1) B DU R R B, EXE it
PIERTE B — & SR M IR S G, IS NS & B R4
ZR KBk S RE e Y. SRR T
AN EIR S PR 1 RS RIER T, 2R e
HERIPEIIZ S IR EZ B, XTI ARaE X — MG A X%
FIATR A X3 A T SR 0w R VR T, — 7 T P A RO
BLs e R AR, FEITRI AU R R RIE, SRRy
SRR A B SR B 2 By TR T LUK S
XEB A ARAEH S R, a0 AlsZr F1 Al Ti S8 AR
A it A Y R U A%

SR, A S TR,

4 REPFESHCR 2219 fi64 HPVP-TIG R4EE A IX B M
Fig.4 Fusion zone microstructures of 2219 HPVP-TIG samples No.1 (a)—No.6 (f) (EQZ—equiaxed zone; PMZ—
partially melted zone; CLZ—columnar zone; HAZ—heat affected zone)
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MARBRSE - BE AU b O D FR BRI 2219 588 SR AR ZURI 1 2 HERE A S 1061

Bl i 031 Foh, DAL 5 I 45 5 B ) 2 B4
T, St 75 4 1 5 2L 8 36 ) T A T A
SRR B S, AR G, W45 E %,
(R T A8 5 2 5 ZEL 0 REL AR o 1 0 /N S5 5 1 1
P 200 A AR e R 2 i 2 4 (140150,

P55 P A /NS B LS TR R R 2 A
Sefthr G5 ETI/INA 3 3t V4 BE R — 2 ik L 801 S B
TR D R, i IS AR R TR UK
LRI TGRSR TR AR A AR B, TR R —
SRR AN 1)) I ELAEAE b Y R I DX SR 4 7 A R R A
PR, 47 I o0 U 2 21l B 2% (et ik W) o A e
I, Sk BTV VAORE L 3 T 5, S s ik
TR, Wk B R IR B B, SRR
BrIFAG, TR 7E R AT R R T RN A 1 B B
W, BEb )R AR ER M Al Zr ORI & R R
BT, TR R A TRA SR ERR T ARGRE T
K, (ERARLZ AR WHE TS A ARIEAR 22 P A 9 AlsZr 2550
RLREAS TR A RAE TR, JEAE 2R ) B 1R T A B a0
WSS, W T R 2 A5k, ikl LA 7EAR A% R
I IE GRS s s 18 E—E
TSGR Y, kot L DR LB, kg5 %6 5, 24 3
PRk o R B T, B 2 B R /N, T A Y O
BERRR, TR T o St =l A 1 200 A PR A A . 7
JREE RS 5 e IR 2 AN ST TR R AN /)N i S5l
AR, BFFE 119200 Sy, KA DX A /N T A e —
MEHRE KRR, FERER P AlsZr f1 Al Ti
T/ NI A D S R e SR8 T Tk S TR AR 2, (R T
SRR (BEEMA UPSWC fERE, HBibd)E
TR SR B AR A KGRI & KNI AlsZr
Al Ti f/INBURIRE E, DT  BCA A DX P 40 /N S5
MoFEAT 2, I 4b FiR. @bl BAM T LA,
S PRI £ DX 00 0 A /N 5 5 DX SR B 8
TN 55 4 A

5 4 No.2 i FEtRae by XRD 3%, w0, 7645
SerpuDKIBR T Kt a(Al) BRI, & —H5 ik

a
a AlZr
= CuAl,
a Al

Intensity, a.u.

50 55 60 65 70
20, deg

B 5 No.2 iXFEfE5% XA XRD 3%
Fig.5 XRD pattern of weld zone of the sample No.2

Al CuAly FI LR AlsZr R FIMREEEPIE & AR
D AT R, (Hl THAE SR A TG A EEE
HEEXKTA G oW g2 2]
2.3 LSRR

B 6 AARFESECN I 2219 B4 SR 48
TR LAY BAKRE BE 3 A FTLLE Y, AR B 2
AL A — B, PO AR A O DO A, B R
il 35 mm AYRRAEIE G XA IR TR (AR
Bk S EAL). e UPSWC fEfE, AHHE
TSECTREE O K B BT (98—104 HV), 5%
A UPSWC eI, M40 X (90—98 HV) Fi
IEG IR (AR 69 HV) ¥E3—ERENEE. K
A UPSWC fERIBS, HyRHYE A ARAR ARG & XA
Az T E Y BERE IR A 2 BB AL A B R B R, T el
5 Cu STCRIFH AR EUNT 1, BI04k X3
(partially melted zone, PMZ) B T ™ EAYEK Cu
TERW AT Y, # o(Al) EEKA Cu 5t
R & BRI BRI, 75 SoRL AT H Al By AL A
CuAly %, HFEAHH, KT Cu i a(Al) BEHEEX
SR UL 4 R 22, A UPSWC fERIE, — T
IREN R B AR, BB ER 43 2 RO VR RS 55— 07
THT, KA S W VRS 4B J 7 AR R B e U YR 3 6 T
AR R PR, AT — e R G BRI
JEWNEIR Cu JTCRM AR, BEZIALARE R, Hdr
No.2 ARG & DXIE R e/ MERE) T 81 HV. K]
6 FR RS, AN[E RS T ARG & DR L B 1A
BE X T B AT BP R TR, No.2 3R 58 B /Dy, X 5138
FEAREEIE G DX T8 B i/ NS AL AR — 3L

% 2 trgh 2219 BRG SR FRRRESECT
B Wi 12 ERE. TR B AR Sk B PR o BN T
JE KR TBER. RInAN UPSWC fERIRT, #3kom
FEALH 0.57, Wrjg 2 AR BI B Y 27%; I UP-
SWC EfG, bkt it {EE /N (No.3 F1 No.4) sl
BHEK (No.6) B, £33 (290295 MPa) Fil¥i)E

120
10}
>
T 100 E2¢
3
(%]
2
5 90
b —e— No.1
S 8ot —o— No.2
s —e— No.3
—=— No.4
70r ° —o— No.5
—=&— No.6

60 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Distance from weld center, mm
B 6 AFRESECTIRLE BT
Fig.6 Distributions of microhardness in weld joints under

different welding parameters
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Table 2 Mechanical properties of base metal and weld joints

welded at different conditions

Material Tensile strength  Elongation  Strength

MPa % coefficient
Base metal 446 11.70 1.00
Joint 1 255 3.21 0.57
Joint 2 310 6.78 0.70
Joint 3 291 4.66 0.65
Joint 4 295 5.00 0.66
Joint 5 302 6.43 0.68
Joint 6 290 4.75 0.65

iR (4.66%—5.0%) #RHEBEST, 248 @ hkik B iRy
WEAE AN A5 238/ 2t (No.2 AT No.b) B, 283k 3
FHWTJG (1 2825 B B 38, 435136 %) 300 MPa fi1 6.0%
DL, 35 B R PR AR B AR B DX 08 B AR A S B 43 AT B
B—3L X EULET 2219 miRiS A 4 HPVP-TIG 185%
RAHR MG S XER Cu LR ARSI
LW I EERE B e g AR L. 530k, No.2 il ke B2k
SR REGRF 0.7, WS M B BEM Y 58%, HARMN
A UPSWC 1EHIHMH, 823k B Fb G i 1 2R 5 51
R T4 22% A1 111%, 23k 30 5 A 2 B 3 358 .
3 4

(1) R td s HPVP-TIG H 2 T 25
17 2219-T87 miRR & &4, vl WA Rae 2. 15
B DX A1 ST AL R S 678 A A/ Nl AR A s
TAAE—FPEHPRATHY, 5H54%E N A SR 4L U 8
BB A /N R AR A T A

(2) & PEIEFEUCHL B E kw7 i (UPSWC)
ZRL, AE— 2V B IRk ol B TR R, SRk A 2R, ek
AN ASH, R SRR AE XA SR AL ORI
AR TN R

(3) inA UPSWC {EH )5, & ¥t UPSWC F#iE
SR, IIMREEIR A X TR, AR e A 1 40 AT

(4) mA UPSWC fF FI o[ i 3 B F 4 = 2219
T87 R4k J1 A VR, a0 B AN M V2 1 S 4.
RN UPSWC 1EFHIAHEL, 24 ik s L IEAE 100 A, ik
WA 40 kHz, & 25 20% B, 42235 0 i T o e
KRBT 29 22% 1 111%.
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