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Fig. 2 Schematic diagram of welding device
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Fig. 5 Transfer position of droplet under different arc
length correction factors when the welding gun is
on the side wall
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S5 T E VKR 22 (7 26 7 ) 1A B T 1R 40 0 2 B
T I B 47, B FiZ e s b T 5K
A% 30°, Hkik=Uh

4 b
Fg= gnR3pgcos6 (N

A R AL s p RSG5 L s @ i
PR 220 % 5 T 8 R A R, Al AR E
{EL, DU TR B A2 1) B ) S B AR AT G, e TR B
I, AT A T

P 0 R s i 3 0 1) 2 W) 5 SRR A 1 DR/ LA
PR A K, AR

Rsinf 1 2 2

t 1—cos01n1+cos0

)

AP IR w0y F1 25 1B O RE 25 0O FEL
IR S 5 AR 22242

e 7 Fros, kb wrta B, SRRV Jr4E

2

ol
Fem = K

4t r

" 1-cosf

0.006

0.003
g

s of
=
=

—0.003 |-

—0.006 |-

1 1 1 1
0.5 1.0 1.5 2.0
st [A] #/ms

B 7 RiEdERET BN
Fig. 7 Electromagnetic force before droplet transfer



%14

X| X3, % B [E P-GMAW {90247 B 45 3 1 % % v [ 3 RS 7 o 61

HLUR /N, LR D AT 2 SR R 1, L ) S BELAS:
AR L ) 7, JE TR AN R B R 22, Bt AR U
VLRI A (R 3G, Js3 I 52 YR 14 0 P BELRS A TR 2ok
T 2R AR AR T L VR

GBI Rt i, HFRkh

Fa = 0.5mvpsR>Cy (3)

Kb v S5 B IR R 5 oo 55 B 1 IR 26 B35
Ca BT FR AL A5 B F I 1 a2 AR SR L T Y
J7, IR R A KT, S B AR R R, AR
U TYE I, X A A R AR .
2.2.2 JRZL TR o AR AR AN B AR 5

TE—TCAL AT BT, I 5 326 22 3 B it el A8
JREZ LU ) KN, ANURE R s i o A3, T HL 2
S AR R/ IN . 6 22 3 OB T s i o 0
AT BRI 8 TR, A 8(a) Fl
&l 8(b) T LA Y, Bl 25 22 T RE B 3G I, J 0 o U
BRI HG R, RE T B AR W 5 5 AR A N RE
15 FR BT AH L, Az S 3 10 v B A i ok I A
I, I AR,

180 - —m— LA AR B {5 B
—o— JUEAEYE Ot
N 165
150
=
5135
=
& ot
105 C 1 1 1 1 1
5.0 55 6.0 6.5 7.0
K LZHEE v/(m-min™)
(a) T PESTZR
H = TC T 7
—e— LB LT
13+
£
£
Q12F
:(d
mo L
= 11
&
1.0
0.9 1 1 1 1 1
5.0 55 6.0 6.5 7.0
22 ¥ v/(m-min™)
(b) Kk EAR

B8 KL EX T IEMEMEHERNHN
Influence of wire feeding speed on the transition
frequenay and droplet diameter. (a) transition
frequency; (b) droplet diameter

— kB AR, P-GMAW 1942 i 1 98 4
I Tk s 20 & 9 iR . WELE 22 MR 5

Fig. 8

m/min Al 7 m/min 04T, KA M ZE M0 BE 22 5 B 45
I EE AR A K bR O (B 10 A kbt 55—
UCIAE), IR 9(a) Fr7R. T LA i, 3 10000 RE 7 fok
IR o T RO 07 G I i 36 5 K 22 5 T HEOK,
Jok TR gy, R Ao R Y AR L —
B R T TPS3200 A5 1 181 Jk i ok 4]
R R, 2k 22 R FER N, O T AR UESR 2205 1
L 5 1K 22 JHURE -, AR BIL 2 B v Dk R, T
G AR T 1 PR T 5 20K 22 AR, SRR IR
SR BERE, ARG, KA 2ead i 5 v DK it
FORIE NP, PP 2254, WA,
ST R PR T

210 - -
—— X 22 5 m/min
195 | —e— XY 7 m/min
180 F
=
& 165
o JeineE AifgE
= 150+
+=
= 135} Freugs
= Bl T HL
20 --\'\.//././‘I
105 F
90 1 1 1 1 1 1
0 80 160 240 320 400 480
A [A] #/ms
(a) Bk bR
202 —=— K22 5 m/min
1% LT T

18.8 1 1 1 1 1 1
0 80 160 240 320 400 480

A ] #/ms
(b) i IR AR e

B9 HELEEXT B IMINE M BIRGHEEER N
Fig. 9 Influence of wire feeding speed on the pulse
frequeney and energy acquisition of moltem
droplets. (a) pulse frequency; (b) energy gained
by the droplet

T 5 8 LA 9 /N B R 4 — A ok i J 300 P
PRLZPAFIRER A, —Bk—TA0F T, — ki
WIFLZIRIFRETR BN 2, 7 220 A i UK, i B A
IR S5 22 DU/ — A ik o J] 1) PR R 223045 19 i
IO

b
E= ZUUtItI “4)
=a

e a A1 b o A Tk J 300 B8 B RS SR A e ]



62 B

oA A AR R AR A R L E A b Uk R
HL R 5 IO A2 LI 5 R SR 5 it (%) ) ] o Jik
PR R, SE LA [RDERE, bR 0 A ) SRR e
S, PRI 22 ki 3 A i B, A — S RS (i) P, DL
IF ] 7 HE R, FE ML Dl g, (R XS T B Jik o
JET, FR AR ) A R 4 6, 2% P 1 SR
I/, IR BN T, dnlE o(b) .

1T P8 S T A0 R R T AR /N i A s b 1)
Fee M RS — R AT, B Rak 22 %
SRR R, W LA/ M T R T, AR TR
BRI, R SR 2 IR B A ZUR T
RERRAIC, 102 SR Rl | st K, 18 ka7 AR
A7 B A T T 0 A5 ) R 5 kN6 2 R R KR FL U
AT LASE ISR A 18], 75 1 S KRR AEA7 5 1) it
FE, AR, 41 ZIMERE, (2 ST
RSF RGN, AN F AR B v o o, 5 & i Bl
R RO

FE T 20850, 1 SEHE BEAS LRI IE T 2V 1Y
/IR 22 TR S, SRS AR B S AR R R
32 1 T AL TR R 6 22 R, BRAS A i I AR B K
R EST SRR B AR AT PR PR AR 2% 223801 D) RAIE
TR AR, AR AT e B DA A o A5 2 R — 3
R AR A 5 1) 26 22 0 3 B BB DR UE I i O B
2.2.3 CTWD X¥a i1 8 14 52

AT 5 IR TR 738 Bl B, JE A I 1 B A
A, A R I A, (R R T B
TR, AR AT T B IR B A B2 iR K, X F
20 R AT 3 B AR 1 R A B, R FRAAR AR T LA
Y/ NI LA, B R KR AT, O TIOR3 O
AR S 18] 10 S CTWD | 20 mm 3 & 532
FRESR 10 mm S AR A HL AT R AR R, B 11 AR
ARG 1T I 948 30 1 T L T2 s 280 0 i o 35 A5 24 o =%

CTWD | CTWD . CTWD
TEFERT s i B sie
600 60
: - |‘ ,..i.|,. T
500 i I U e s0
JE
< 400 L] 4o S
. °
2300 130 ﬂ%
3 =
a — ™
= 200 20
100 110
o T ! N IEEEE IEEE s i )
I 3 5 7 9 1 13 15 17 19 21

A 1a] #/s

E 10 CTWD EZLEIERERGR
Fig. 10 Voltage and current change diagram before and
after CTWD change

¥ ® %45 %
0.010
é 0.005
R
5 of
—0.005
H1E] #/ms
11 IBHErZBEN
Fig. 11  Electromagnetic force on the droplet

HLRE T, N AT DL R T 3R B I BE, H8i
JIe 3% 1) LR 1 A BEL RS e B 1) 7, TRARAAR R L
Bep 0 T I A T RREATR, BELASH Tk % 4 77 A 1
FHES 1A B> Bl FHAG 9 ARG, HLRE 3628 0
fre R R o 1 7, AR R R o Y 0 i
e R R o P ) g VR R DA B oin . O Hoil 7
A4 R AL L D0 BE ) AR AR R, PR AR TR AR
M {7 5 L 1 88 T i B K.

P T e e R T ) B AN AN, i
VAKR R T 52 (14 2 5 0 LA LA O 0ol HUAR:
A TR AR A5 KA 7R3 10 rp G LA KA BE 25 10 44
T, TR BAR P E(E, 2 B 12, AR AT
LA, B CTWD BI4R%L, ST BE DL K3 1
FRL S TR ELAR DD, TR iR P 52 ) T 080N,
APVARE st 0 7 Sy BELA T e 9 1) 7, i T A A
TR P

2.0

[ FRISEIEEN
ol I b 1
£
£
312t
X
go.s
&
04}
0

ARIERT AR ARIERT AR

12 BEER
Fig. 12 Droplet diameter
T AT TR P 2 5 A 1 ke, VR
TESS T b0 5 A B i ) BRI/ T
TG 77, PRHOAR e R v i ) e A 8 T2 52 L
ISR TR MO B K 22 I BT AR B A Ry

e Z 2F .S 5)

m
=c t




%1 x| 5C

#, % F A 8 P-GMAW {0 &£ & Ji i it

TE R H & R 7 % 63

e P NIRRT 25 15 mORIE R B s S0
T B B IR 22 i RS 5 ¢, d 0 iR s T iR
A SR AR 2 A 22 Y N 1)L el TR AR RAR S,
{18 T 52 AR TR 2o I T 3 T, BELASJ T e 5 ) 114
T390, HARRG 4 e AT T BT IR, PRI A T LA
BAFE R AW L, A T I

TEA BRI R, SR L YLz sh R IR0
B, T 25 AR AR, AR TR B A SE

3 Hib

(1) 7SR B 7B I 7, O Y e S kB
1EFR BT AARAS AR08 TG e FL oI, 158 am o A e 1)
B ARSI MDA E S, DOZFEARITRAB IE R
BRI, U s il i i v s i &, ff
UE R A AR AE .

(2) 35 L2 TR, J T AN | ah AR
15 FH IR A5 2250 R %*@T‘bﬁ‘ilﬂqﬂbﬂ"ﬂ*?ﬁt
W AR R T IR AR S 11 BE B (o o 8 LA
Lﬁﬁ%\*ﬁ%%ﬁﬁﬁiﬁ‘é@?ﬁﬁiﬁ‘/ﬁﬁﬁﬂ%@ﬁﬁﬁ
A R/ IR 22 T

(3) LR IR A R o P A s ] i CTWD 1Y
7 J S W RGN, A2 T A A ) 7 W A A T 4
1 5 BEATA s 1 P 1 S W& CTWD 146 58 A Fr ke
1%, BERS-H 5 2 V8 %) 7 (R AV FH B Ta) A i s 2>, BTG
JRAC A T2 (] B AV ARE E e ot .

S 30k

1 B, SR, ARARTR, &5, EE AL E B SR LRY L
RARFETZ (7). BR324, 2009, 30(2): 13 — 16.
Chen Shujun, Lu Zhenyang, Ren Fushen, et al. Special welding
machine and welding process for all position automatic pipeline
welding[J]. Transactions of the China Welding Institution, 2009,
30(2): 13— 16.

[2] TR, MR, XN, 2 NiCrMoV % T-4N7 [l B4 3k i
AL T 12 PR RERT ST (1], LiG42)R, 2018, 40(1): 8 —
Ding Yuming, Wang Xiongfei, Liu Xia, ef al. Investigation on the
microstructure and mechanical properties of narrow gap welded
joint of NiCrMoV rotor steel[J]. Shanghai Metals, 2018, 40(1):
88— 14.

[3] 5, BRE, FMIE. 26T Fluent AYZS (PR TIG KRR EEH {1
BT [J]. K4, 2022(8): 39 — 43.
Yang Kuan, Gao Hui, Zhou Canfeng. Optimization design of nar-

row gap TIG welding torch's structure based on Fluent[J]. Weld-
ing & Joining, 2022(8): 39 — 43.

[4] AR e, MR, S A5, 45 B A B Q235/1Cr18Ni9Ti 5+
PR S L2 122 VERE [T]. K244, 2019, 40(8): 38 — 43.
Zheng Shaoxian, Li Huanan, Shi Wei, et al. Microstructures and
mechanical properties of welding joint of Q235/1Cr18Ni9Ti dis-
similar steel with ultra-narrow-gap[J]. Transactions of the China
Welding Institution, 2019, 40(8): 38 — 43.

[5] 3, iR, mEkE, 45 B T2 S R0 STT $TJRAR
GBS [0). JEE, 2022(2): 1 - 5.

Feng Jing, Wu Shaojie, Gao Hongming, et al. Subsection process
of all-position STT backing welding based on the force in molten
pool[J]. Welding & Joining, 2022(2): 1 — 5.

(6] BEfLaE, My, BALHS, 5. JEARZE [ Bml 1 f I TIG S5 A

ARG ], R T K (AR RRERT), 2017,
45(9): 40 — 46.
Jia Chuanbao, Du Yongpeng, Wu Chuansong, et al. Design of an
automatic control system for magnetic controlled narrow-gap TIG
arc welding of thick plates[J]. Journal of South China University
of Technology(Natural Science Edition), 2017, 45(9): 40 — 46.

[71 SKBH, B/, REH, 45, TTARHEUR XTIk MAG #4800 P
BRREE RSH un [J]. 432448, 2019, 40(10): 36 — 42.
Zhang Yang, Lii Xiaqing, Xu Lianyong, et al. Effect of work-
piece inclination on weld pool shape and weld forming in pulsed
MAG welding[J]. Transactions of the China Welding Institution,
2019, 40(10): 36 — 42.

[8] AW, SRR, fIbhhE, 45, 72 (0] iz g de SBUE AT 1], 2 T
HUBE, 2021, 39(3): 54 — 58.

Xu Gang, Zhang Tianlei, He Linji, et al. Numerical simulation of
welding arc with narrow gap[J]. Light Industry Machinery, 2021,
39(3): 54 — 58.

[9] TREHE, M=%, BB, 55 I ] B GMAW & % i
PERUEE [7]. KB4, 2017, 38(2): 109 — 114,

Xu Wanghui, Lin Sanbao, Yang Chunli, et al. Study on droplet
transfer of swing arc narrow gap GMAWT/J]. Transactions of the
China Welding Institution, 2017, 38(2): 109 — 114.

[10] EEY, BRRI, 3T, 45, 28 (AN A B XA oL 3 i 52 i) ().
TEARH KRB, 2018, 32(5): 633 — 636.
Wang Dingzhou, Chen Gang, Zhang Yu, et al. Effect of spatial
welding positions on molten droplet transfer[J]. Journal of Ji-
angsu University of Science and Technology(Natural Science Edi-
tion), 2018, 32(5): 633 — 636.

[11] Alireza D T. Neutralizing the effect of the angle variations on the
drop detachment in automatic GMAW system[J]. The Internation-
al Journal of Advanced Manufacturing Technology, 2010, 54(1-
4): 123 —137.

E—EF XSGH, ML, WP, BN A8
e A AR TR R 5 T AT
@126.com.

Email: liuwenjil981

(%m4E:  SKEME)



v TRANSACTIONS OF THE CHINA WELDING INSTITUTION

2024, Vol. 45, No. 1

tain component diffusion between the brazing coating and steel
substrate. And the thickness of narrowest diffusion area is
about 100 pm. When the WC content is lower than 25wt. %,
the brazing coating has better wettability on the steel substrate.
The internal denseness of the coating stays in high level.
Meanwhile, the minimum porosity in the composite coating

can be kept at 1. 08%.

Highlights: (1) The nickel/tungsten carbide superhard com-
posite coatings on austenitic stainless steel surfaces by vacuum
brazing coating method for hydraulic machinery overflow com-
ponents have been successfully prepared.

(2) Wettability performance of brazing filler metals and interfa-

cial reaction and diffusion of composite brazing coatings are

revealed.

Key words:  brazing; composite coating; nickel/tungsten

carbide interface; interface microstructure; wettability

Vacuum brazing TC4 titanium alloy / 316L stainless steel

with Tiyz 76Z112.50Cu37.49.Nig 25C0, amorphous filler metals
HAN Wengian, DONG Honggang, MA Yueting, LI Peng,

WU Baosheng, ZHANG Liangliang(Dalian University of

Technology, Dalian, 116024). pp 47-57
Abstract:  Ti-Zr-Cu-Ni-Co amorphous filler metals were de-
signed and prepared for vacuum brazing of TC4 titanium alloy
to 316L stainless steel according to the dual-cluster model. The
effect of Co content in filler metals on the microstructure,
mechanical properties and fracture behavior of brazed joints
was investigated. The results showed that the cross section of
brazed joint could be divided into TC4/diffusion zone I/braz-
ing seam center zone Il/interface zone I1I/316L. The typical in-
terfacial microstructure of the brazed joints was TC4/B-Ti +
Ti,Cu/(Ti, Zr),(Cu, Ni) + Ti,Cu + Tiy(Cu, Ni) + TiFe/(Fe,
Cr),Ti + o-(Fe, Cr) + © + y -(Fe, Ni) + o/316L. The shear
strength of brazed joints first increased, then decreased and
then increased with the increase of Co content. The maximum
shear strength of 310 MPa was obtained at 1.56% Co. When
Co element was not added, brazed joints fractured in the center
of the brazing seam (zone II). And when the Co content was
1.56 ~ 6.24%, brazed joints fractured near the interface zone

(zone III) of 316L base metal. The fracture mode was typical

cleavage fracture.

Highlights: (1) Ti-Zr-Cu-Ni-Co amorphous filler metals
were designed and prepared based on the dual-cluster model.
(2) The effect of Co content in filler metals on the microstruc-

ture, mechanical properties and fracture behavior of brazed

joints was elucidated.

Key words:  vacuum brazing; amorphous filler metal; ti-
tanium alloy/stainless steel dissimilar metal; microstructure;

shear strength

Influence factors and control methods of droplet transfer in
narrow gap P-GMAW overhead welding position LIU
Wenji, XIAO Yu, YANG lJiasheng, ZHU Pengfei(Tiangong

University, Tianjin, 300387, China). pp 58-63
Abstract: When conducting narrow gap all position welding
of pipelines, welding defects are easy to occur near the over-
head welding position, which restricts the quality and effi-
ciency of pipeline construction. Aiming at the problem of poor
formation and low reliability of overhead welding position in
automatic pipe welding, this paper studies the influence of wire
feeding speed, arc length correction, contact nozzle distance to
molten pool and other factors on droplet transfer in P-GMAW
process. It is found that increasing the arc length correction
coefficient can increase the heat input of the arc to the side
wall, which can alleviate the problem of poor side wall fusion,
but will make the droplet transfer path difficult to control,
Therefore, when the welding gun moves to the overhead weld-
ing position, short arc welding shall be adopted and the heat in-
put to the side wall shall be supplemented by increasing the
side stop time and swing; Increasing the wire feeding speed is
conducive to obtaining smaller droplets, higher transfer fre-
quency, reducing the distance between the contact tip and the
molten pool, increasing the electromagnetic force and reducing
the droplet size, which is more conducive to the transfer of
droplets to the molten pool in overhead welding position. The
research results have certain guiding significance for the pro-

cess design of pipe narrow gap welding.

Highlights:  This paper Studied the influence of parameters
on droplet transfer during narrow gap full position P-GMAW

process in pipelines, and the method of controlling welding
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parameters to achieve better droplet transfer.

Key words:  droplet transfer; Swing arc; MIG welding;

Narrow gap welding

Study on sensitization characteristics of TP347H stainless

steel welded joints LI Chenganl, FENG Daochenl,

ZHANG Lin’, ZHENG Wenjian', CHENG Mao’, LU
Xianjingz, YANG Jianguol(l. Zhejiang University of Techno-
logy, Hangzhou, 310014, China; 2. CFHI Dalian Nuclear
Power and Petrochemical Equipment Co. ,Ltd., Dalian 116113,
China; 3. Zhejiang Academy of Special Equipment Science,

Hangzhou, 310020, China). pp 64-72
Abstract: In order to clarify the sensitization characteristics
of TP347H stainless steel welded joints, the welded joints were
heat treated at different temperatures, and the changes of sensit-
ization degrees at different temperatures were studied. The res-
ults showed that an obvious sensitization trend was observed in
the heat-affected zone(HAZ) of welded joints. During the sens-
itization process, because the binding energy of Nb atoms on
the grain boundary is higher than that of Cr atoms, coarse
primary niobium carbon compounds are formed first, and then
fine secondary niobium carbon compounds are formed. When
the temperature is kept at 700 °C, the sensitization degree of the
HAZ of the welded joint shows a trend of first increasing and
then decreasing. When the temperature reaches 800 °C and

above, heat treatment no longer increases the sensitization de-
gree of the HAZ of the joint. Comparing with the sensitization
characteristics of F347H joints with 21000 h in the actual pro-
duction line, it is confirmed that the sensitization limit can be
reached by holding the welded joints of TP347H at 650 °C for
100 h. The reason is that the content of Nb is several times that
of C, most of C combines with Nb to form NbC, and the diffu-
sion of C in the grain has been fully combined with Cr. The

resulting sensitization reaches an equilibrium state.

Highlights: (1) Confirmed that TP347H stainless steel wel-
ded joint was heat treated at 650 for 100h can reach the sensit-
ization limit.

(2) In the process of sensitization, because the binding energy

of Nb atoms on the grain boundary is higher than that of Cr

atoms, the coarse niobium carbon compound will be formed

first, and then the fine niobium carbon compound will be
formed.

(3) When the TP347H stainless steel welded joint was heat
treated at 700 °C, the sensitization degree in the theat affected
zone of the welding joint shows a trend of increasing first and

then decreasing.

Key words: TP347H stainless steel; sensitization; welded

joint; heat treatment; corrosion resistance

Numerical simulation of the influence of thickness of clad-
ding material on stress and strain of welded joint of stain-

less steel composite plate FENG Yulan, WU Zhisheng,

SUN Zhiyu(Taiyuan University of Science and Technology,

Taiyuan, 030024, China). pp 73-82
Abstract: GTAW technology has been used to fabricate wel-
ded connections on composite plates consisting of 304 and
Q355 materials. Base material thickness was 13 mm, while
cladding material thicknesses ranged from 0.3 mm to 2. 0 mm.
The influence of different thicknesses of cladding material on
the stress and strain of 304/Q355 composite plate welded joint
was analyzed by numerical simulation method, and the evolu-
tion characteristics of residual stress and strain during welding
of stainless steel composite plate with different thicknesses of
cladding material were revealed. The results show that the X-
ray diffraction test results are in good agreement with the nu-
merical simulation results. With the increase of the thickness
of the cladding material, the maximum residual stress value of
the welded joint section of 304/Q355 composite plate gradu-
ally decreases, and the width of the residual stress zone gradu-
ally increases. During the welding process from the base weld
to the transition weld, the stress concentration zone gradually
shrinks to the transition weld zone. Finally, the highest stress
concentration area is located in the weld zone of the transition
layer, and the maximum stress value is close to the yield
strength of the material. In addition, the deformation after
welding increases with the increase of the thickness of the clad-
ding material, and the deformation of the composite plate with
the thickness of the cladding material 2.0 mm is about 2 mm
higher than that of the composite plate with the thickness of the
cladding material 0.3 mm, and the direction of the largest de-

formation is the direction of the weld thickness.
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