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Table 1 Chemical composition of TC4 alloy
Al \Y% Fe Si N H (0] Ti
5.5~6.8 3.5~4.5 0.30 0.15 0.10 0.05 0.015 0.15 A
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The TIG and laser welding diagram for TC4
titanium alloy. (a) TIG welding; (b) laser welding

Fig. 1
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(d) 220 A, 1.0 m/min

(e) 220 A, 1.2 m/min

B2 AETIGRRZESH THREEHERR
Fig.2 The cross sections of TIG welded joint with va-
rious parameters. (a) 180 A, 0.8 m/min; (b) 200 A,
0.8 m/min; (c) 220 A, 0.8 m/min; (d) 220 A,
1.0 m/min; (e) 220 A, 1.2 m/min
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Table 2 The shape parameters of TIG weld cross sections with various parameters

Y BEHBUA  BEEREOV BEEE vmmin ) PEAQU-mm ) RS /mm NPT X 5 d/mm
1 180 14.3 0.8 116 5.81 1.57
2 200 14.8 0.8 133 6.50 1.71
3 220 15.4 0.8 152 7.04 1.80
4 220 15.2 1.0 120 5.69 1.58
5 220 15.2 1.2 100 5.11 1.36
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The grain distribution characteristics of welded
joint with various parameters. (a) effect of
welding current on grain size; (b) effect of
welding speed on grain size

Fig. 3
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(c) 4.2 kW, 3.0 m/min

(d) 4.6 kW, 3.0 m/min

E 4 AREEFZESHTHIREEEEER
Fig. 4 The cross sections of laser welded joint with various parameters. (a) 3.4 kW, 3.0 m/min; (b) 3.8 kW, 3.0 m/min;

(c) 4.2 kW, 3.0 m/min; (d) 4.6 kW, 3.0 m/min
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Table 3 The shape parameters of laser weld cross sections with various parameters

FE BOETIRPAW  BHEEEY (mmin ) Bl /mm PURAQ/(Jmm ) REETERF, mm BAMBGEIR X 55 d, /mm
1 3.4 3.0 0 68 2.61 0.53
2 3.8 3.0 0 76 2.77 0.35
3 4.2 3.0 0 84 2.49 0.38
4 4.6 3.0 0 92 2.50 0.40

22 KBEMNALSREREE

5 FE 6 40512k TIG X542 (220 A, 1.2 m/min)
FNEOGHREE (4.2 kW, 3.0 m/min) 2 3k B9 SO0 4H 21
FRAE, BRI E IR R A r 2 57, (12
TC4 Bk 4 FE 436 AN [R) X SO 4 SURFAIE FE A
FHAL. 7E TC4 Bk A & A F2 v, 2438 B8 1 2
o/B % AR I FE B, TCA BEM ) o AT B ) AR,
T &E&ICRE B HT Y R, B koK
P K. FER S (AR e P v 2 R v, SR
THhRE 25 PRAE SRR R R Y B ol 28 [ AH . R e A 4
AU Sy pAL Y B IR S AR T SR I IR ) B
T afH, =i B R i AU . R IR T [
W oA —E R E AL C R, FEEM B
fl AL S ARG BRT, X EE TIG JR AR 2 2 Sk A
WO L L ZURAE, T LR PR, M T ot
SRR A /DN |t R VL A5 B IS T T L I B Ak
PR, [#i15 TC4 k& & IR 4N 2UMEHIR o T IR
(NGERINE AN

FE T AE DXCAAGE R DX A AR T /B 5T
BE, o AHAEREEAR S BAH, BT AR A BRI T
JRAE X 3, LA E0 B AR L TR A e, IR I Bl
B Ak Sty SRR L TR AR RN, TERES Y
REIERET, B AIEEAE N o], BT LA I M e
VB AR R, AR AR D FC AR o HH B R A5 7E
B b FUEAZ, SREMETE B At NIEAZ, A M T2 2.
Wil 75 S AR O P, BRG] DX o AR
ILREMHH o3 o AHERAS R B AH, SRR o + BOBUAH,
T IS B ARG B AR LA FE A, B Rk
AN B K, SR RTINS S AP A
AR AN o SR B TR, ESRA o+ PRSI
R o AUFHZH 2.

& 7 A TC4 kA4 TIG R4 3k R T
DX 35k 1 S AR R A3, el T RT DL R R, RO AR B
S 4 X G R R AR PR FEAE 370 HV, TEIE B4k
A7 ‘e 8 (s B e e (R 393 HV, 7E#EZ I X I
TR (T R R AIR . OGR4 3k 18 0 FE



%10 # FEk, F:

AR TC4 4k 464 TIG B IlMg LB EE LG R 5 MR a 4R

200 200 pm 200 um

() AR IX IR (b) FZIX 1 (c) PUEIRIX 2
(d) P X 3 (e) SREEIX 1 (f) #H4EIX 2

E 5 TC4#%&EE TIG BHEELMMALR
Fig. 5 The microstructure of TIG welded joint. (a) fusion line area; (b) heat affected zone 1; (c) heat affected zone 2;
(d) heat affected zone 3; (e) weld zone 1; (f) weld zone 2
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Fig. 6 The microstructure of laser welded joint. (a) fusion line area; (b) heat affected zone; (c) weld zone

P, FECE R L2 R ERR o, (AT AE A
(BRI A 2 A i 5.

UEAb, TIG K442 3k 10 b flcRi 8 1 22 ] S A1 T
OGRSk, IR 4% X AT BE (R 350 HV, 7EiT
B BIG M DXORHL t XAEAE A IX., b e {3k ) e
B 300 HV, Fifi 5 78 FA2 i 248 it XA ks o, 3%

WIREALZE BER 320 HV £ 47, SO& K G 4 544
PEZE, PR XG4 X I AL AL T PR, B ki
FEER K, TERE)E R E L R, B A
AR A o MR Ok, TR o + o SUHZ1ZE,
TR RE 5 TR B0 Ry 5 28 B A0 REL it DX ) S e
{ERFAIL.



62 B

i % 43 %

400

—=—TIG f4E4k

380

360

340

320

BIYRERE HHV

300

i AT |
280 L

1
0 1000 2000 3000 4000 5000
BRSO BB RS d/pum

(a) TIG %2
400
—e— OGRS
380
2 360
T
340
=
= 329
300
280
0 400 800 1200 1600
PEARAE OB AYBEES d/um
(b) WOCH

B 7 TCA4 &% TIG FFIe L RMEEE 27 FHE
Fig. 7 The microhardness distribution of TIG and laser
welded joints. (a) TIG welding; (b) laser welding
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ing the difference in feature complexity between laser welding
defects and other public datasets used to test adversarial gener-
ative networks, a new OCM (one class mixup) module is de-
signed and introduced into the stylegan2-ada for a limited num-
ber of samples to improve the performance of the adversarial
generative network and accelerate its convergence. The results
show that the dataset generated by OCM-stylegan2-ada im-
proves the performance of the classification model by 40%
over the original dataset and by 20% over the dataset enhanced
with mixup and stylegan2-ada. Also the quality of the visually

generated images of weld defects is greatly improved.

Highlights: (1) A generative adversarial network for laser
welding defects in small sample can generate high-quality im-
age of welding defects and improve the performance of classi-
fication model.

(2) In the case of very few data sets to complete the task,
greatly reduce the difficulty of defect classification task, effect-

ively solve the problem of data imbalance.

Key words:  welding defects; generative adversarial net-

work; small sample; unbalanced dataset

The forming deviation, mechanical properties and com-
pression failure of porous structures fabricated by laser

melting were analyzed XU Rongweil, ZHANG Zhenjiel,

LIU Qingyuan’, ZHANG Guanghui', LONG Yuhong'(.
Guilin University of Electronic Technology, Guilin , 541004,
China; 2. Huazhong University of Science and Technology,

Wuhan, 430074, China). pp 49-56
Abstract:  Due to the characteristics of light, high strength
and adjustable mechanical properties of porous structure, it is
widely used in bone medicine, aerospace and other fields. In
order to explore the forming error and compression failure per-
formance of porous structure with selective laser melting
(SLM), this paper takes two kinds of porous structure with dia-
mond lattice and spherical six-hole opening as examples to
study the compressive mechanical behavior of porous structure
manufactured by SLM by theoretical prediction and experi-
mental test. ANSYS software was used to simulate the quasi-
static compression of the studied porous structure, and the uni-
axial compression experiment of the SLM formed porous struc-

ture was carried out. Finally, the deformation process and fail-

ure mechanism of the SLM formed porous structure were ob-
served and analyzed combined with the simulation and experi-
ment. After comparison, it is found that the size of the numer-
ical design porous structure deviates from that of the final man-
ufactured structure, resulting in a certain difference between
the theoretical value of mechanical properties and the experi-
mental value, but the variation law of stress and strain field is
consistent. The experimental results show that when the poros-
ity is 50% ~ 80%, the yield strength and elastic modulus of dia-
mond lattice structure are 31.85 ~ 182.13 MPa and 1.45 ~
2.30 GPa respectively. The yield strength and elastic modulus
of six-hole spherical structure are 35.19 ~ 130.64 MPa and
1.59 ~ 2.90 GPa respectively. The mechanical properties of

different porous structures vary with the increase of porosity.

Highlights:  (1)The manufacturing error of porous structure
formed by selective laser melting technology was investigated
and the mechanism of theoretical calculation-experimental de-
viation was analyzed.

(2)The stress-strain field and mechanical properties of porous
structures fabricated by selective laser melting were studied by
theoretical prediction and experimental test.

(3)The deformation process and failure mechanism of two het-

erogeneous porous structures were analyzed by combining sim-

ulation and experimental observation.

Key words:  porous structure; selective laser melting; com-

pression; deformation process; the failure mechanism

Study on grain size and microstructure of TC4 titanium al-

loy TIG and laser welding joint LI Junzhaol, SUN

Qingjie'”, YU Hang', ZHANG Pengcheng', LIU Yibo’, ZENG
Xianshan'(1. Hunan Xiangtou Goldsky New Materials Co.,
Ltd., Yiyang, 413000; 2. Harbin Institute of Technology at
Weihai, Weihai, 264209). pp 57-62,70

Abstract: The TC4 sheet was welded by TIG and laser weld-
ing technology. The effects of TIG welding current, welding
speed and laser output power on the grain size, microstructure
and microhardness of TC4 titanium alloy welded joint were
analyzed. The experimental results show that laser welding had
a lower heat input, and the width of weld zone and heat-af-
fected zone was significantly reduced under the condition of

complete penetration of TC4 titanium alloy sheet. The grain
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size of TIG welded joint increased with the increase of heat in-
put. The grain size of welded joint decreased gradually with
the increase of distance from the center of weld. The laser wel-
ded joint showed the characteristics of widmanstatten structure
with the finer acicular martensite o' phase. The microstructure
of martensite o' near the heat-affected zone was basket shaped,
while the microstructure of martensite o' near the base metal
was double phase of untransformed o phase and needle shaped
martensite a'. With the increase of the distance from the weld
centerline, the martensite content decreased gradually, and the
weld microhardness decreased. At the same time, compared
with TIG welding, TC4 laser welded joint had higher micro-

hardness.

Highlights: (1) The differences of cross section, microstruc-
ture and microhardness of TC4 titanium alloy TIG and laser
welded joints were compared and analyzed.

(2) The effect of welding heat input on grain size distribution

characteristics of TC4 titanium alloy welded joint was ana-

lyzed.

Key words:  TC4 titanium alloy; TIG welding; laser weld-

ing; microstructure; grain size

Effect of pre-weld heat treatment on the microstructure
and mechanical properties of electron beam welded 440C

stainless steel joint ~ DAI Yibo"”, FANG Weiping’, PENG

Hanlinz, HU Yongjunl, YI Yaoyongz, YI Pengl’z(l. Guang-
dong University of Technology, Guangzhou 510006, China;
2. China-Ukraine Institute of Welding, Guangdong Academy

of Sciences, Guangzhou 510650, China). pp 63-70
Abstract:  The effects of pre-weld heat treatment on micro-
structure and mechanical properties of electron beam welded
440C stainless steel joint were observed and studied, including
annealing as well as quenching and tempering. The character-
istics of structure change, joint tension and hardness distribu-
tion in the two states are analyzed. The results show that the
electron beam weld has a good shape without any microcracks.
The microstructure located at the weld consists of martensite
and retained austenite, showing a non-equilibrium solidifica-
tion microstructure, carbon and alloying elements exist in the

weld structure in solid solution, and the hardness reaches

398 HV. After quenching and tempering heat treatment before
welding, the base metal matrix transforms from ferrite into
tempered martensite and retained austenite, and at the same
time the carbide part is solid-dissolved into the matrix struc-
ture, which increases the matrix structure hardness by 60%.
Compared with the annealed state before welding, after elec-
tron beam welding, the tensile strength of the welded joint is
increased by 20%, and the hardness of the welded heat-af-
fected zone is increased by 35%, but the plastic deformation
ability of the joint is reduced, and the fracture occurs in the

heat-affected zone.

Highlights: (1) The microstructure and mechanical proper-
ties of electron beam welded joints of 440C steel under two
heat treatment states of pre welding annealing and quenching
and tempering were compared and analyzed.

(2) The carbide particles in welded joints under two heat treat-
ment conditions were counted, and the effects of the changes of

carbide particles in different areas on the hardness and mechan-

ical properties of welded joints were analyzed.

Key words:  440C stainless steel; EBW; pre-weld heat

treatment; microstructures; mechanical properties

Robot simulation of PDC bit remanufacturing based on

laser cladding ZU Haiying, LU Xingyu, SONG Yujie, LI

Dagqi(Northeast Petroleum University, Daqing 163318, China).
pp 71-76

Abstract:  In order to reduce the maintenance cost and
drilling cycle of PDC bit, a robot was proposed to realize the
bit remanufacturing based on laser cladding remanufacturing
technology. Based on reverse engineering, data acquisition was
carried out on PDC bit, and then data processing and 3D recon-
struction were carried out on the obtained bit point cloud data
to construct the same 3D model as the solid PDC bit. The soft-
ware Geomagic Boolean operation was used to obtain the de-
fect part of the workpiece. In software NX1899, isometric

plane family I' was used to intersect the repair part of the drill
bit to realize the path planning of the curved part. The traject-
ory of PDC bit repaired by robot end welding gun was simu-
lated. The software PQart was used to simulate the position of
the workpiece relative to the robot in the working environment

to realize the trajectory optimization of the robot. The position



