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Table 1 Chemical composition of base plate
C Si Mn P Cr Ni N Fe
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Table 2 Chemical composition of ER2209 welding wire

C Si Mn P S

Cr Mo Ni N Fe

0.02 0.55 1.55 0.012 0.008

g
fem

22.5 3.3 8.55 0.2

®3 TIGEHENEETIZSY
Table 3 Welding parameters of TIG

HEIREE SRR DA AR UV R v/(m-min ') PP ¢/(L-min ') KK Fi4% dimm
B2 90 13 0.09 8 1.6
B2 110 15 0.18 10 1.6
TR 110 15 0.18 10 1.6
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Microstructure of 2209 duplex stainless steel
surfacing layer. (a) weld microstructure; (b) solid
solution microstructure
FRAY 2209 XA G550 HE R LURE 19 B U K] 2
7. MNIE 2a AT LUE H, 84k 15 min J5, 7R R K
A LA SR R R — B QAR S TR AR HH B TR R,
AT AR, R SRR & B B T AL B S TR
B, AL N 30 min (& 2b) B, AT LA BI#TH
FHI 3G 2201 iR 22 1 SR 2, R R ARG &5
HE— 2. HEEIE Y 1 h (8] 2¢) B, ZRHT
CEAE Y R, RO R R, T
SRR, SRR D 2 h (18] 2d) I, B
FIE BGZE LI R, BRRARAH & Rl b

T IR A o0 A A B it T Ak B ] £
T, B ER A R0 R AT H AR Y O O, Tk R A
HH AR L o] D] 52 8 2 b . X R O, TR
850 °C NEILAL BRI, BEAE B A A58 i, 2R
A o AT S A 5 AR S o RN Z R IR A
V2, B a—o + vy, HAT RSB AT A o A1, T
KBLIAK v, SHEETERIAR BIRAA v, b Bl Rk
A PRI ] 1) A, BN BV A — R G y, L =
RIBRAK v, 1 o FHALRL.
23 RBABERFIH

AR T2 BT AP B AT LA SE Ak R ok RO

Fig. 1

50 pm
() #fk 15 min
50 um
(b) itk 30 min
20 pum
(©) #fk1h
20 um
(d) itk 2 h

B2 2209 WAHARERHEERELZ 850 C #k A ERE
KERNZHMAR
Fig. 2 Microstructure of 2209 duplex stainless steel
surfacing layer sensitized at 850 C for different
times. (a) sensitization 15 min; (b) sensitization
30 min; (c) sensitization 1 h; (d) sensitization 2 h
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K4 2ELBRER (10% FeCl; + 2% HCI, 20 C, 72h)
Table 4 Immersion test results (10% FeCl; + 2% HCI, 20 °C, 72 h)
- e RS RIOFTE B4 hrERE R4S hrERE B2 hEEE JE TR
* Vimm® Wie We s Wile w(gm >h')
Ak 15min - 29.45 x 19.48 x 5.41 23.85 23.84 23.83 23.80 0.414
#4k 30 min 29.28 x 19.52 x 5.38 23.72 23.69 23.65 23.59 1.082
ik 1h 29.58 x 19.50 x 5.36 24.06 23.95 23.64 23.25 6.697
itk 2h 29.57 x 19.47 x 5.36 23.84 23.59 23.24 22.56 10. 600
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Fig. 3 Results of different sensitized samples immersed
in 10% FeCl; + 2% HCI

B 4 XHETE 10% FeCl; + 2% HCI 2l 72 h lIEWFIR (a, b, ¢, d 3 FIABAL 15 min, 30 min,1 h, 2 h #iX#E)
Fig. 4 Macromorphology of different sensitized samples soaked in 10% FeCl; + 2% HCI, for 72 h
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Fig. 5 Electrochemical impedance spectroscopy for
2209 duplex stainless steel in 3.5% NaCl solution
after sensitization for different times
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Fig. 6 Equivalent circuit of electrochemical impedance
spectroscopy
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Table 5 EIS equivalent circuit fitting data of 2209 duplex stainless steel surfacing layer

ke VAR HLBEL Ry/(Q-cm’) FUHLJZHLZE CPE-T/(10 °F-cm ) VRHSAE R n LTSRS HLBEL R /(Q-cm’)
#1k 15 min 8.168 2.33 0.837 2721.0
f#4k 30 min 11.260 1.92 0.811 1190.0
ik 1h 9.516 2.49 0.728 539.3
k2 h 6.385 2.51 0.571 336.6
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solve the problems were put forward through applying a
synchronous magnetic field. The effect of the synchronous
magnetic field with different types on arcing phase was
investigated. The short-circuit transfer processes were captured
through high-speed camera system with laser backlight to
observe the droplet transfer process, calculate droplet size and
transfer frequency, etc. The experimental results showed that
the droplet transfer frequency was increased, the short-circuit
metal transfer process was more stable, the shape of droplet
was changed evidently from a round or ellipsoid with sharp tip

to flat end, and the dimension of droplet was reduced.

Key words: short-circuit transfer; synchronous mag-

netic field; CO, arc welding; droplet transfer frequency; the

morphology of droplet

Effect of solid lubricant on contact tip wear performance of

non-copper coated solid wire CAO Xiaotao', LI

Zhuoxin], Wolfgang Tillmannz, Meng bo3, Qiao Jichun3
(1. Beijing University of Technology, Beijing, 100124, China;
2. Dortmund University of Technology, Dortmund, 44227,
China; 3. JULI Welding Material Co., Ltd., Shandong,
253000, China). pp 22-27

Abstract: The effects of solid lubricants on contact tip
wear performance of non-copper coated solid wire were
investigated by scanning electron microscopy (SEM) and
stereoscopic microscope. It was found that the wear form of
contact tip varied with composition of solid lubricant,
therefore, the mass and aperture wear loss rate of contact tip
were changed. When surface coatings of non-copper coated
solid wire were mainly composed of graphite + nano Fe,03, the
mass and aperture wear loss rate of contact tip were 0.27%,
16.2%, respectively. Coated with graphite + nano Fe;O,,
contact tip wear perfermance of non-copper coated solid wire
were better, the mass and aperture wear loss rate wear of
contact tip were 0.31%, 22.3%, respectively. Slight abrasive
wear was wear form of contact tip. Contact tip temperature had
an important role on the lubricity of solid lubricants, the solid
lubricants mainly composed of graphite + nano Fe,O; or
graphite + nano Fe;O,4 can achieve continuous lubrication from

room temperature to higher temperature range.

Key words: non-copper coated solid wire; contact tip

wear; solid lubricant; contact tip temperature

Bead geometry measurement for wire and arc additive
manufacturing using active-passive composite vision
sensing based on regional filter HAN Qinglinl, LI
Dayongz, LI Xinlei', HAN Changlel, ZHANG Guangjun1

(1. State Key Laboratory of Advanced Welding and Joining,
Harbin Institute of Technology, Harbin Institute of
Technology, Harbin 150001, China; 2. Bohai Shipyard Group
Co., Ltd, huludao, 125003, China). pp 28-32

Abstract:  An active-passive composite vision sensing
system was designed to overcome the delay of active vision
sensing and limited information on passive vision sensing. To
capture the high brightness molten pool and low brightness
structured light clearly in one image, a regional dimming
method was proposed to make their brightness decline to the
same level. Lightpath analysis showed that the regional

dimming filter must be placed in front of the focal point before
the lens, or between the CCD sensor and the focal point behind
the lens. The molten pool and structured light have been
clearly presented in one image using this system. An image
processing algorithm for online measurement of bead
geometries is proposed. The experimental results showed that
the measurement error of bead height is less than 0. 1 mm, and

that of bead width is less than 0.2 mm.
Key words: wire and arc additive manufacturing; re-
gional dimming; active-passive composite vision sensing; bead

geometries

Influence of sensitization on pitting corrosion in surfacing
layer of 2209 duplex stainless steel LIU Yu', BAO
Yefengl’z, SONG Qiningl, JIANG Yongfeng1 (1. Hohai
university, Changzhou, 213000, China; 2. Engineering

Research Center of Dredging Technology of Ministry of
Education, Hohai University, Changzhou, 213000, China). pp
33-38

Abstract:  The sensitization of 2209 duplex stainless
steel surfacing layer was processed in different time (15 min,
30min, 1 h, 2 h) under 850 °C, and the influence of sen-

sitization time on the pitting resistance of 2209 duplex stainless
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steel surfacing layer was studied by immersion experiment and
EIS. These results showed that pitting corrosion originated
from the ferrite phase in different time sensitized sample.
Moreover, the pitting corrosion rate was correlated with the
sensitization time, if sensitizing processing time was less than
30 min, pitting corrosion weightlessness of surfacing layer was
not obvious, while it longer than 30 min, pitting corrosion
weightlessness would increase obviously. The EIS supported,
with the increasing of sensitization time, capacitive reactance
curvature radius would decrease continuously. Which

indicated that both the stability of the passive film and pitting

resistance were decreased, being similar with the result of

immersion experiment.

Key words: surfacing layer of 2209 duplex stainless

steel; sensitization; pitting corrosion

Effect of ultrasonic impact time on VPPA-MIG welded

joint of 7AS52 aluminum alloy CHEN Furong, LIU

Chenghao, LI Nan (School of Materials Science and

Engineering, Inner Mongolia University of Technology,

Hohhot, 010051, China). pp 39-43

Abstract:  In order to study the effect of ultrasonic
impact time on microstructure and properties of VPPA-MIG
composite welded joint of 7A52 aluminum alloy, ultrasonic
impact treatment of 2.5, 5, 10, 15, 30, and 75 min was carried
out on the welded joint per unit area. By observing the surface
morphology of the joint and testing the mechanical properties
of the joint, the effect of ultrasonic impact treatment time on
the joint was analyzed. The results show that the surface of
7AS52 aluminum alloy welded joint is obviously strengthened
after ultrasonic impact treatment. The grain size of weld
surface reaches 26.28 nm when ultrasonic impact time is
15 min; the hardness of weld surface is 138.8 HV when
ultrasonic impact time is 75 min, which is 36.3% higher
than that of original weld; the maximum residual compressive
stress is 243.3 MPa after ultrasonic impact treatment for

30 min.
Key words: ultrasonic impact treatment; aluminum al-

loy; VPPA-MIG; microstructure; mechanical properties

Effect of Pt modification on oxidation properties and

microstructure of NiAl coatings HAN Zhiyong, LU

Bowen, WANG Shicheng (Tianjin Key Laboratory for Civil
Aircraft Airworthiness and Maintenance, Civil Aviation
University of China, Tianjin, 300300, China). pp 44-48
Abstract: NiAl coatings was fabricated on Hastelloy X
substrate by atmospheric plasma spraying technique, and Pt
was electroplated on NiAl coatings and vacuum diffusion was
performed to prepare high performance Ni-Al-Pt coatings.
High temperature oxidation tests were carried out on NiAl
coatings and Pt modified coatings to observe and analyze the
oxidation behavior, phase composition and microstructure of
the two coatings. The oxidation kinetic curve results show that,
compared with the NiAl coatings, the oxidation kinetics curve
of the modified coating is closer to the parabola, and the weight
gain in the late oxidation period is slower. XRD results show
that the Pt modified coating can quickly form a continuous and
dense Al,O; film on the surface at the initial stage of
oxidation. When it is oxidized to 90 h, the coating surface is
still mainly a-Al,0;. The SEM results showed that after Pt
modified coating oxidation for 30 min, a mixed structure of 0-
Al,O; and 0-Al,O; appeared on the surface of the coating.
After the coating was oxidized for 35 h, the 8-Al,0; basically
transformed into continuous and dense a-Al,0;. When the
coating is oxidized for 90 h, the coating surface is mainly
composed of sheet-like a-Al,O; and agglomerated NiO, the

coating still has higher oxidation resistance.
Key words: Ni-Al-Pt coatings; oxidation behavior;

phase composition; microstructure; thermally grown oxide

Experimental research on the blind hole-drilling method
for measuring residual stress of steel plate HUANG
Gang, ZHANG Qingdong, WANG Chunhai, ZHANG
Boyang, KONG Ning (School of Mechanical Engineering,
University of Science and Technology Beijing, Beijing,
100083, China). pp 49-59,80

Abstract:  The blind hole method is the most widely

non-destructive measurement method to measure the residual

stress. In order to use the blind hole method more reasonable



