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Fig.1 Schematic of welding current with HPVP-GTAW
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Table 1 Table of three factors with three levels
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Table 2 L9(34) orthogonal experimental array

No. A: fi/kHz  B: fu/kHz C:y Null
1 1(0.1) 1(5) 1(0.6) 1
2 1(0.1) 2(20) 2(2.17) 2
3 1(0.1) 3(40) 3(7.33) 3
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9 3(1) 3(40) 2(2.17) 1
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Fig.2 Schematic of test points location of microhardness
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Fig.3 Microhardness values of 9 groups of experiments



3524 - i s Ja Akl 5 LR 47 %

£3 MESWER R IEASRIG A E . Skl 22105 AL Q XN R EL B 1) g
Table 3 Range analyses DX, A SPESETE, M%7 RN AGE O A

No.  A:f/kHz B:fyHz C:y Mﬁwﬁfﬁ PIZEAE, BIEDARE S, e r:

1 1(0.1) 1(5) 1(0.6) 791 MZO (6)

2 1(0.1) 2200  2(2.17) 830.8 o

3 1(0.1) 3(40)  3(7.33) 752 TEEAE K 0=0.05 B M EA(6), TR R AR HI

4 2(0.5) 1(5) 2(2.17) 821.9 FEAGVHEAN AR, 7521 DL SR g o PR AR &

5 2(0.5) 2200 3(7.33) 833.1 Sin SuFy S BRI R 5

6 2(0-5) 3(40) 1(0.6) 825 MD:75.8561+8.27933 7 +0.32932 fa +1.42516(// 8

7 3(1) 15)  3(7.33) 844.4 ~9.0142 £,2-0.0034 f;;>—0.0199p> —0.073 1y f;;

8 3(D 2020 1(0.6) 871.9 3.3 [EAMRBBH R

? ) 360 2@1h 0 864 51 7 T S R o e — A e 1 1 2 B £ (5

e TR e e PEEAT OB B G 25 h R RN F (R

g 25427 m®4 ng XS PR AT A3, A0 T 00 A . R[] 7 R

R, 188.9 1324 58.4 F AL S5HIF B AG KT FERIKEBN Frup, n-p-1)HEA7T

I3 H Rt IE AT 45 RBEAT 0, SRASF I R AL S UL
M fi-l kHz, £;=20 kHz, w=0.6. -, f SHPERESEbx
B SE, fu IEHBCRIRZ, v RHPERERR bR 50
55,

3 ERRKERIEYTS R

3.1 EI[EYIHEE

PA Ay fu My O HAR &, AR AR A AR
ST IEAZ AR T BE i b A A 25 1) R HOR AR

y=rftu V) (2)
FREANN R LI T, LG RIS E fu My (1
RHAEH, KM%, A7 A B .

MD = B, + B,(f.) + B (Fu) + Bs(w) + By (f.*) + (3)

Bs(Ha®)+ Bs(w )+ B, (v fiy)

A, MD AR BB, Bo 55 DRAS R [R] 44 1 7]
Uﬂf%’i&r 51, ﬂzﬂ7jjlﬁlu3/2%ﬁ’ ﬁo, ﬂl, ﬁzﬁ7igj75§
AT R IR SE, B Hrid 7RI SR ik 2
g .
32 MEEVARE

SR i /I 3 Al T 1 77 300 [l YA RS v (g [ 9 2R
FOIATAR VRN, R B TR JEAR, SR R A
0l 22~ 7 AN A 2 BB A Rl R B il ol B
EESHAG B, 4B, ATV Ir R R R,
RIEAN

O(Por B B, )= 3 0= Po = B By /o (4)

OBy, By B,) =min{O(By. B B,)} (5)
X, O AREW W ZEFIT R, p A HAZRRREE, »

LS, M F>Fi(p, n-p-DI, KHFEIAZREEE, H
PRI I ZE(EBOR, AR RO I W35 A s
WA S o VHELSRAF I F AN 1179, BRI Fup,
n-p-1)4 237, F>F, (p, n-p-1), H - FHEMER K,
T BT AL B U5 R v B

R T SR IR VA R S 36 4 B EAT T, O
2 TR 2 R S 25 R LE I, W 4 s . T\l
DAt (B 5 2 0000 1) 45 S8 55 sz 0 45 R0 BEAR
B, U T RSO R

4 HISIE

4.1 BERMEMEEHZMN

RIS B, 3 ZE T fis fa oy 3
AN TR 26 7 L 2 B0 AR Y TRl P o6F 08 Bl e R 1 4 ) il
(AN 2 AREERIFEED, WHE 5a~5¢ Fin. WE
5a AJ LA, fifE 0.1~1 kHz B8kt ferh, Sl it
JERE £ BOHERTTHE , 24 A0 1 kHz I X ot 22 5k 3]

900
2

£ ,f"-}.\
§ 850f %
= B gt \
73 /%\ o - (]
% ‘\ II
£800F 0\
5] o Y
= L
[ v -9-- Calculated value
g '\ .;' --o-- Experimental value
= 750t G

| | | |

0 2 4 6 8 10
Sample No.

K4 SEiE S FE 21

Fig.4 Distribution of experimental and prediction values



9511

T SUNEE: Al-Mg &4 ikt VP-GTAW WS4k ik

° 3525 -

KM, BRI 1 kHz 4 A BRI SE. 2HTE Sb T fy
o Sk ARl B 55 R T DU H T f AR A TS T Y
M fu /DT 20 kHz, SHOERERA £y MBSO R 4 A
KT 20 kHz B, 5 G008 B TF 46 S 9/, fig 75 20 kHz
O R B, BT RL fy M S 402 20 kHz. &
Sc SR T kil B EE A R H w R A ARORE FRE 1 e
B, w ESEGEE R R, S ke i
W, 0.6 4 w RS EL. Nk, HRE T E
B S BUCHC N £i=1 kHz, £;=20 kHz, y=0.6 CH
I,=75 A, [,=180 A, 6=0.2).
4.2 BAZRBEXEERNEMEEN

e 2R IR R b, 2 T BN AT BAEH
Xof S PRt () S i 2k, AP 6a~6¢ TR . HTLLE H,
IR 22 A8 EAE O 58 bt 155 19 5% i R 5 5 DR 35 40 A
SRR IAFRZE, EE 6c T fli y LI
EH BT, M /DT 12 kHz B, SAGEEERE »
PRI, SN IR R s Y fu fE 12~14
kHz Z [, 76 w B feh, SRR ek, &
Wy 24 fiy KT 14 kHz, oy 68 S S 1 (0 5% i g
AT 80 B R R B v SRR Y f B
BALE 20 kHz B, w RIS EERE 0.6, HIXUA

Hordi R, BILSHEMKRZ £i=1 kHz, /=20 kHz,
w=0.6. 74, WA HAEH IhEenT LIG tH, A % kbl
FESG W R 2, fa AR ACTS, y X S Rt S ) N

RIS, 2eifil T — PR 3 28 E A FHOGT S Alchat 1 s v (i
I, Wi 7a fron. WEHRTLLEH, N il w U
B, WRHEEREEIRE A RO, Btk 1 kHz 2 £
iRt Z40. B 7o A £ 7E 1 kHz Bl i Je i f 455,
B fu 5w ACHAE RN WA RE e . RS, oy
WA SEFITIR A R —3, B ;=20 kHz, y=0.6.

W E AT R & R R RIS A=
kHz, fi=20 kHz, y=0.6 (Bl I,=75A, [,=180A, 6=0.2),
JLrp, A R S P b E ) g S S POSEMAE FH IR Z
w T S AORE R R WA R 59, X 5 R ZE A BT A 2 1 43 A
gER—8, PSS, ARSI 4 1F Ttk
ATYOUE SR, DA S 1 Sl A bl 258 R0 foft 1k e
RIFHISRIR 45 K . B HV) A 872.1 MPa. #i
FLomIEA 358 MPa. ZEAHAN 9.7%. W[ ZE 1 20
12.8%, & TUPEBE 73 5l 15 B BEM 1) 84.7%- 94.3%- 80%
M 93.4%. Hrffi RS 8 Fras. v LUG H i
WM AT T /NS e, R SR )
ZURFAIE o

870 870
2 b y=0.6 ¢
< 860 fu=20 kHz 870 v
& 860t
2
= 850
T 8501t 860}
) 840
= =5 kH.
S 840t 830} //ME =40 Kz
:E“ MD =-2.1702f;% +6.6114 f,, +82.3058 8501
=20 Kz, p=2.17 320 MD =—0.0113f,> +0.48873f,, +81.4922 MD = —0.0199 £,% —0.0877 f;, +87.0307
8304¢7=0.1 kHz fi=1kHz, y=2.17 — fi=1 kHz, /y=20 kHz
01 02 03 04 05 06 07 08 09 181000535 35 23403t =t 5 o
fi/kHz SulkHz v
KI5 BR300 S Al 5 ) s o it 2k
Fig.5 Curves of influence of individual factor on microhardness: (a) fi, (b) fu, and (c) w
Ny 380 860
................... a PR C
s | e “"’_.“ﬁ ...................... ~ ~. .
Eg8s0f 0 860 840 g— A
ssor
=~
%.‘ 830 ‘‘‘‘‘‘ i 840 820 K7
2
o 800+ .
2 ) — —¥=06, fi=0.5kHz
s — — fi=5kHz, y=0.6 ) . b 17 =
F0_T Ho30t 156 | $20]= = a1 =~ o s i
- fi=40kHz, y=0.6 | |7 f1=0.5 kHz, fi=20 kHz - 780} 33, JL=0-
L- : —— fi=l kHz, =20 kHz ~.
90— .
0.1 02 03 04 05 06 07 08 09 18000 1 2 3 5 6 7 8 9 10 5 10 15 20 25 30 35 40
fi/kHz 14 fil/kHz

K6 U 2858 ELA ok S Al 2 1 5 )

Fig.6

Influence of interaction of two factors on microhardness: (a) f. and fi; (b) w and fi.; (c) fiu and w
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Optimization of Ultrahigh Frequency Pulsed VP-GTAW Welding Parameters for
Aluminum-Magnisium Alloy

Wang Yipeng, Qi Bojin, Cong Baoqgiang, Wang Qiang, Zhou Yang
(MIIT Key Laboratory of Aeronautics Intelligent Manufacturing, Beihang University, Beijing 100191, China)

Abstract: Optimization of ultrahigh-frequency pulsed VP-GTAW (HPVP-GTAW) welding parameters for SA06 aluminum alloy was
carried out. Taguchi method was employed to design the experiment. The microhardness of the fusion zone and heat affected zone (HAZ)
was taken as an indicator, and the characteristic welding current parameters of HPVP-GTAW were taken as factors. The experimental
results were analyzed by both the range analysis method and the regression analysis method. Results show that the optimal parameters of
variable polarity current frequency fi, pulse frequency fi and pulsed current proportional coefficient y are 1 kHz, 20 kHz and 0.6
(high-frequency background current 75 A, high-frequency peak current 180 A, duty cycle of high-frequency pulse 0.2), respectively.
Meanwhile, fi influences microhardness most significantly, followed by fi, and the impact extent of w on the microhardness is the least.
The confirmatory experiment shows that the microhardness, tensile strength, elongation and ratio of reduction with the obtained optimal
parameters are 84.7%, 94.3%, 80% and 93.4% of those of the base metal, respectively.

Key words: 5A06 aluminum alloy; ultrahigh-frequency pulse; VP-GTAW; microhardness; optimization
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