B45% %18 B’

2024 £ 1 A

S ¢
TRANSACTIONS OF THE CHINA WELDING INSTITUTION

Vol.45(1):01 — 09
January 2024

Inconel-52M 1822 5 5hifkiH TIG Bl
BHiRENITAMR

g, Faas, wEP, fai
(1. bR s iRk, dbat, 1001915 2. Jb B & oE AT, dbat, 100854; 3. ZrJr BB AR iadeil
FHRAF], 15IH, 618000; 4. A4S A PR, BT, 310000)

FE: AT R EEGALREGUE IR, 7387 T K (0 ~ 60 kHz) X442 IR Inconel-52M #2648 221551t
TRBNAT N B EE I S AR AR, S5 IR, e R R ik i 52 s bR e i 2 R IO S W 20, BEE
PR K R 1, IR RS S il N 5 ARk w5 L, ves Ak o b I ) AR TR B D8/, A% DX T
FRRH G Lo n, Ayl R4 Th BEFNIRE (RE) 193048 . AEm ik A i VR T, e S ) R 3 RS 1] H, 1 7 34
K, BKAT 43 42 5 18. 0% F1 8. 1%. LSRG ] H 1 FR 58 1 R BUG i I s M o, RS S & B s A 47,
PNITEZ I W e Y R NP C e 2 17

BUFT A (1) $2 H SR B AR v 35k %) v A Ak o A B IR (ultra-high frequency pulsed gas tungsten arc welding, UFP-

TIG) AR T Inconel-52M £3-44 ML 22 ) e TR 2.

(2) BT R BAL PR TR g~ BRE, F 2 p DI BE 1 DX 300 J R B2, 6 7 A res ALk o A 38
Xt TIG HURAT W ARAE (ROIDEAS | BE 040 | Fi R T) AOSZ R AL SV FHAILTR], JF e B A g A3 Dk e L 9IA 7 5

BRI | SRR O A EAEHISE AR,

KBRS LI s RO FLRE T I Bl
HFES3ES: TG 403 XHERERIRAD: A

0 7%

BEE 690 & 4 J& International 23 7] A 7R b 600
G 4 Zy BN 7 T e 7 A () R 1 R 8
CrICE M 14% ~ 17% I % 28% ~ 31%, K K4k
5 1600 A 4 BT AL ] P RE. Inconel-52M 47
22 JEERAE 690 5 N H B A U — R 22, Tz
IO FHAEAZ B0 HE P I Z8 P R AR A L IR SX Bl
HgmsE s A PRI A A S s ™, SR, 7ESC
B T2 FH % B Inconel-52M 522 75 HE AR 3 72
25 gy B L R A 2 4 (ductility dip cracking,
DDC)™Y, H AR 25 i F BT 2 i AT 1) S L 41
021NN 4 07 JE T 2 g XU . O T il ok

i B EA: 2023 - 03 - 09
ELWE: HE AR AR H (U20B2031).

doi: 10. 12073/j. hjxb. 20230309005

PRSI 2 LB 3 2 45 S TR LR I A
g™, e Fon Zr AT AR R Ui
W5 S T, ARSI, AL oA B
T AR AT R, X/ A S 8T D 0 7 BELAS
GRS AT W iR, T AT LA A 4
T SR RSN

ARk, R AR i e BT R EL R R B AR
e, ] LA fift FH B S e AR e U L,
B4 v N S el I AR P L O 1 P SR
TR v R 2 T PR, SR T S e
BEPEI M, B 2R AL ok R, T
SEF K 9 bk e s S I X Inconel-
52M B G A AR 22 AT BT MRS, £ B i AR
HL (charge-coupled device, CCD) X H I S 4 ith i 5
AT oA T SR W, g 7 e oI AR AR, A3 =
AR R A ST IO A | RE TR 40 | FRLE T Y
VER R, WSR3 ST s i s ik 78, 145G



2 BB ¥ # & 45 %
JRAETE R S B AR LA, F9T Inconel-52M & 4
S22 e = K v R AR T Bt i sh AT . H 1 R E

IARIEAS I 1 %, IR G g T, 25
T A b L YRS L SRR AL KR 4% B 4 AL
H, RN bk kR R R AR AR A e P A R
S BEHE LA, Wi RS ST RSk R R AR
2 (DDC) ~kFs BoAy B2 X

RIS 20 mm JEAY Q345-b fRAKN, 15 22
A ¢1.2 mm ) Inconel-52M B &4, FEEIR 4K H
TR B F 0 & K UFP-TIG FEHL, Ik X 3 A Al
Inconel-52M -5 &R 22 185353 i WL 3% 1 FISR 2.
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Table 1 Chemical compositions of Q345-b
c Si Mn \% Ti Cr Ni Cu Fe
0.16 0.30 1.35 0.15 0.20 0.30 0.40 0.30 A
% 2 Inconel-52M SREERLM S (REHH, %)
Table 2 Chemical compositions of Inconel-52M nickel alloy
Cr Fe Al Mn Ti Nb Si Cu Mo
28~31.5 7~11 1.1 1.0 1.0 0.5~1 0.5 0.3 <0.5
Co S C P Zr B HoA Ni
<0.12 0.015 0.04 0.02 0.02 0.005 0.5 Ah
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ventional pulse current; (b) superimposing ultra-
high-frequency pulse current on conventional
pulse current
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Table 3 Parameters for pulse current
R ik vk TR A
BEERRL/A  WEBREI/A  WORAMz a6 (%) RAHREICRAKHz SR, A R HLIAL 14 25 HEOA(%)
190 310 20 50 0 0 0
170 290 20 50 10 40 50
170 290 20 50 20 40 50
170 290 20 50 30 40 50
170 290 20 50 40 40 50
170 290 20 50 50 40 50
170 290 20 50 60 40 50
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Fig. 2 Vision acquisition system for welding process
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Fig. 3 Arc image processing. (a) original image; (b)
gray-scale image; (c) median filtering once; (d)
median filtering twice
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Edge selection of arc partition. (a) original arc
image; (b) arc regionalization
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Fig. 5 Gray level contour map of arc
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Fig. 6 Sketch of arc model building. (a) original arc
image; (b) establishment of arc mode
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Fig. 7 Schematic diagram of electromagnetic force
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Fig. 8 Schematic diagram of arc shape and size mea-
surement
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Fig. 9 Weld cross section shape parameter diagram
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Fig. 10 Dynamic evolution of arc size (30 kHz)
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Fig. 12 The diameter of arc root radius of peak duration
at different high-frequency pulse frequencies
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The arc morphology of peak duration at different high-frequency pulse frequencies. (a) 0 kHz; (b) 10 kHz; (c)
20 kHz; (d) 30 kHz; (e) 40 kHz; (f) 50 kHz; (g) 60 kHz
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Table 4 Energy transfer efficiency of arc with different
pulse frequency peaks

AR, kHz B X HefRIX G341 RELP(%)
0 19633.5  54486.9 36.033
10 19348.6  49819.3 38.827
20 18942.3  49757.2 38.051
30 19270.2  49167.9 39.181
40 19181.4  49250.9 38.919
50 18992.6  49115.9 38.669
60 19078.7  50589.3 37.722
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S —
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35.5

0 10 20 30 40 50 60
R b LA f,/kHz
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Fig. 13 Effect of different pulse frequencies on peak
energy distribution coefficients
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Table 5 Average gray level of peak duration of the
whole arc at different pulse frequencies

AU, /kHz FEARIX P I A
0 159.7
10 161.6
20 160. 1
30 162.2
40 161.9
50 159.9
60 159.8
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Table 6 Arc electromagnetic forces with different high
frequency pulse frequencies

RS i FLRE i ] HEL A R L=l
f/kHz F,/mN P,/Pa F/mN
0 14.9 176.6 19.7
10 14.1 199.8 20.2
20 14.1 200.3 21.1
30 13.9 203.7 21.3
40 13.9 204.0 21.0
50 13.8 208.4 20.7
60 14.2 197.4 19.7
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Fig. 14 Relationship between electromagnetic force and
high-frequency pulse frequency
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Fig. 15 Weld morphology with different high-frequency
pulse frequencies. (a) 0 kHz; (b) 10 kHz; (c) 20
kHz; (d) 30 kHz; (e) 40 kHz; (f) 50 kHz; (g) 60
kHz
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Fig. 16 Effect of high-frequency pulse frequency on weld
shape parameters. (a) weld reinforcement; (b)
weld width; (c) wetting angle; (d) weld penetration
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Study on the behavior of high-frequency pulsed TIG arc
and molten pool flow of Inconel-52M welding wire
KUANG Xiaocongl’z, QI Bojinl, YANG Jianping3, LU Yingy-
an4(1. Department of Material Processing and Control Engin-
eering, School of Mechanical Engineering and Automation,
Beijing University of Aeronautics and Astronautics, Beijing,
100191, China; 2. Beijing Institute of Remote Sensing Equip-
ment, Beijing, 100854, China; 3. State Key Laboratory of
Clean and Efficient Turbomachinery Power Equipment, Dong-
fang Turbine Co. ,Ltd. , Deyang, 618000, China; 4. Hang-
zhou Oxygen Plant Group Co. ,Ltd. , Hangzhou, 310000,
China). pp 1-9

Abstract:  Based on high-speed camera and image pro-
cessing technology, the influence of pulse frequency (0-60
kHz) on the behavior of welding arc and molten pool flow of
Inconel-52M nickel alloy welding wire was analyzed, as well
as their underlying mechanisms. The results indicated that the
combination of high-frequency pulse current on conventional
low-frequency pulse current could significantly shrink the arc
shape, and the arc root size would gradually decrease with the
increase of high-frequency pulse frequency. Compared to tra-
ditional low-frequency pulse welding, the overall area of the
high-frequency pulsed arc decreased, while its core area and
proportion increased, leading to improved arc energy concen-
tration and temperature. Under the influence of high-fre-
quency pulse current, both the axial pressure and radial electro-
magnetic force of the welding arc increased, with maximum in-
creases of 18.0% and 8. 1%, respectively. The rise in axial
pressure promoted the fluidity of the weld pool, enabling more
complete liquid metal flow during the welding process and res-
ulting in a weld morphology characterized by large width and

low wetting angle.

Highlights: (1) A novel and effective ultra-high frequency

pulsed gas tungsten arc welding (UFP-TIG) technology was

proposed for the arc welding of the Inconel-52M nickel alloy
welding wire.

(2) Based on image processing technology and electromagnet-
ic theory, the arc energy region division and electromagnetic
force model of the UFP-TIG welding arc were constructed, and
the influence law and mechanism of UFP current frequency on
TIG arc behavior characteristics (arc shape, energy distribution
and electromagnetic force) were fully revealed. The interac-
tion between UFP arc behavior, molten pool flow and weld

formation of nickel-based alloys was also discussed.

Key words:  high-frequency pulse current; welding arc;

electromagnetic force; molten pool flow

Reliability prediction and design optimization of BGA
solder joint based on multi-fidelity surrogate model YU
Jingdan', WANG Ru', WU Wenzhi’, HU Zixiang’, ZHANG
Chuleil, WANG Guoxinl, YAN Yanl(l. Beijing Institute of
Technology, Beijing, 100081, China; 2. The 38th Research In-
stitute of China Electronics Technology Group Corporation,

Hefei, 23008, China). pp 10-16
Abstract: At present, the reliability prediction of solder
joints is mostly based on the combination of finite element sim-
ulation and single precision surrogate model, which has some
problems such as long simulation time, low efficiency and poor
accuracy. Therefore, a reliability prediction method for BGA
(ball grid array) solder joints based on multi-fidelity model is
proposed. Firstly, the convergence of different meshing

schemes was verified, and then the high and low precision
sample points were designed respectively for finite element
analysis (FEA). Secondly, the reliability of solder joints was
predicted based on the Co-Kriging model based on multi fidel-
ity FEA data. Finally, the prediction results were compared
with the single precision surrogate model, Under the same cost
constraints, the multi-fidelity model demonstrates significantly
higher prediction accuracy. and NSGA(nondominated sorting

genetic algorithm) was used to optimize the model to obtain the
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