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Tab. 1 Parameters of TIG cold welding
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Tab. 2 Welding parameters of UNGW
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Fig. 1 Microstructure of test steels
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Fig. 2 Cross section macromorphology of the combined

welding joint
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Fig.3 Microstructure of different zones of combined welding joint in welded state: (a) fusion line on 1Cr18Ni9Ti side; (b) UNGW weld zone;

(c¢) fusion line on 1Crl7 side
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Fig.4 Microstructure of the different zones of combined welding joint after 200 ‘C X 144 h aging treatment: (a) fusion line on 1Cr18Ni9Ti side;

(b) UNGW weld zone; (c¢) fusion line on 1Crl7 side
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Fig.5 Microstructure of different zones of combined welding joint after 350 “C X 144 h aging treatment: (a) fusion line on 1Cr18Ni9Ti side;

(b) UNGW weld zone; (c¢) fusion line on 1Crl7 side
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Fig.6 Polarization curves of cladding layer (a), UNGW weld zone (b) and complete joint (c¢) of combined welding joint in different states
in 3.5% NaCl solution
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Tab. 4 Electrochemical parameters of polarization curves

. IREZ UNGW 545X TEREHE K
- Eo/V ] ou/(Arem ) Eo/V ] on/(Arem D) Eo/V  J. /(Avem D
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200 °C X 144 h W2 —0.285 6.012x10°7 —0.307 1.125X 107" —0.296 1.288X 1076
350 °C X144 h I3 —0.266 6.735X10° 7 —0.309 1.187X 10" —0.305 1.474X 1076
UNGW PREEIX N 88 4323R 1 E ., TR T X R PREEIX N 58 B 45 S Y T o 502 TR X5 IO X B 1Y
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Tab. 5 Corrosion rates of combined welding joint in

different states
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1 U2 U3
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B 7 350 C X144 h B34 8 R H & 18 # L AR XIF 6 R 8 5 iH #5R
Fig.7 Intergranular corrosion morphology of different zones of combined welding joint after 350 C X 144 h aging treatment: (a) couplete joint;
(b) fusion line on 1Cr17 side; (c¢) cladding layer; (d) UNGW weld zone; (e) fusion line on 1Cr18Ni9Ti side

3 & it

(1) 200 °C X144 h K 350 °C X144 h B%cab5
Ja 1Cr17/1Cr18Ni9Ti 5 F A 45 4K “ TIG % 45 +
UNGW "4 A 155 R R X 3 A S s 405 HOR 2
ZHAURH HE A LB B AR 1k

(2) WAkt Ze i 5 & ] Ja b e 25 SR R W
1Cr17/1Cr18Ni9Ti 5 A A 85 8 “ TIG % /& +

UNGW” 25451 Sk B J e A6 1) A 6 6 P 28l 2
P89 P T8 A T e e 3R i 288 5 ) b T 2 B
SIS G D SR SR 1) DTN T E

S 30k

[1] BALA S P,SATISH K M P. Characterisation of thin
section dissimilar weld joint comprising austenitic and

ferritic stainless steels [ ] ]. Materials Science and

¢ 19



TR, 25 B R BE X 1Cr17/1Cr18Ni9 T S#AP4N “ TIG ¥ 45+ UNGW 7 41 A HE 322 3K T el 11 5 1

[2]

[4]

(6]

7]

L8]

Technology ,2008,24(4) :392-398.

XSS Ak, o6 245, 45, A AN SN L T AR
SIS PERELT ). AR AR B 22417, 2020, 41 (5)
194-203.

LIU GL,YANG SW,ZHOU L J, et al. Microstructure
and mechanical properties of electron beam welded
joints of dissimilar stainless steel[ J]. Transactions of
Materials and Heat Treatment,2020,41(5):194-203.
AGUILAR S, TABARES R. SERNA C.
Microstructural ~ transformations  of  dissimilar
austenite-ferrite stainless steels welded joints [ J .
Journal of Materials Physics and Chemistry, 2013, 1
(4):65-68.

el T TR T 0, SEL 129 Cr REBIRA S B
sty DX ZH BV AR R A R BT AR 3 A L . 7 4
#%,2011,32(6) :37-40,114-115.

ZHENG H B, YE X N, ZHANG X F, et al
Microstructure transformation, grain growth and
precipitated phase of 12% Cr ferritic stainless steel in
coarse grain zone | J ]. Transactions of the China
Welding Institution,2011,32(6) :37-40,114-115.
XURERE EAZRTR . HUR B, 55, BOGIRHRM A X 26Cr-
3. 5Mo Bk R AT NA LU RE A m [T ). T EROE.
2015,42(2) :101-107.

LIUL L,HU S S, SHEN J Q, et al. Effect of laser
welding heat input on microstructure and properties of
26Cr-3. 5Mo ferritic stainless steel[ ] ]. Chinese Journal
of Lasers,2015,42(2):101-107.

B AR 5E . TR, AT 430 BRF R AR MG
iy X ZH UMM R 2 [ ], =2 9N B TR 224k, 2016,
42(2) :24-27,

CAI S J,ZHU L.GONG L. Influence of heat input on
microstructure and toughness of heat affected zone of
430 ferritic stainless steel [ J]. Journal of Lanzhou
University of Technology,2016,42(2) :24-27.

KRR SE A 5 08, 04, 45 1Cr18NI9 T AN £5 9 i 7 (1]
BRI A S i L)) A & JE MRS L
F£,2015,44(10) : 2454-2458.

ZHENG S X,DU B F, HAN F, et al. Microstructure
and mechanical property of ultranarrow-gap welding
joint of 1Cr18Ni9Ti stainless steel [ ] ]. Rare Metal
Materials and Engineering,2015,44(10) :2454-2458.
KRR SE A e o, A 5208, A5 1Cr18NI9 T AN 45 49 Jik o
RS [F) AR S R A 2 R M RB LD ). ML TR A
#4,2021,45(4) :13-18.

ZHENG S X, XU L Q,DU B F, et al. Microstructure
and corrosion resistance of 1Cr18Ni9Ti stainless steel

joint by pulsed ultra-narrow-gap welding[ J]. Materials

« 20 -

(9]

[10]

[11]

[12]

[13]

[14]

[15]

for Mechanical Engineering,2021,45(4) :13-18.

KRHR G T8 22 B8 ) T 2. FSS/ASS J& BE 53 fift 4
“TIG ¥ HE+UNGW” 45 1 He Sk 41215 ) 1E g
[0, #5424, 2022, 43(7) : 28-35, 1 14,

ZHENG S X, WANG ] P, ZHAO X L, et al
property of the

Microstructure and mechanical

thickwalled dissimilar steel joint of FSS/ASS with the
combined “ TIG cold welding + UNGW” [ ] ].
Transactions of the China Welding Institution,2022,43
(7):28-35,114.
MRS B B AW E G &2 LR g
[M. BREVAT , 3. 6oL AL ol i itk 2008.
LIPPOLD J C, KOTECKI D J. Welding metallurgy
and weldability of stainless steels[ M. Beijing: China
Machine Press, 2008,

{2, F S, SO A 5 A9 A A 1 A 4 o) B0 B ok
% TEAE B e RAb B B [T, B4, 2018, 41
(7):1-5.

HE D F,WANG ] Y. A new way for duplex stainless
steel pipe performance control—spinodal
decomposition heat treatment ( [ ) [J]. Welded Pipe
and Tube,2018,41(7) :1-5.

KR 2R B o AHAEARZ L — [ N
WP R ] S~ . 2016,52(1) : 17-24.
WANG Y Q,YANG B, LI N, et al. Embrittlement of
o phase in stainless steel for primary coolant pipes of
nuclear power plant [ ]J]. Acta Metallurgica Sinica,
2016,52(1) :17-24.

XU HYE, B0k R 5T LA, B AR 316N A% AT 4E
THOVLZH RN S 3 Al s i 52 e [T ], A4z 2015, 29
(S2):267-270.

LIU S W,LUO Q,CHEN Y,et al. Effects of thermal
aging on microstructure and microhardness of 316N
austenitic stainless steel weld[ ]J]. Materials Reports,
2015,29(S2) :267-270.

TR /N KL BRSO 304 A A A (B JEE LA T Sk 1 5
mal)]. #E A ,2016,37(5):912-913,921.

ZHANG Y, ZHOU X F. Effect
intergranular corrosion behavior of 304 stainless steel
[J]. Foundry Technology.2016,37(5):912-913,921.
HSER S, BT, B 0e , 45, 7R A OUR AR 390 24 B e I
]k 1Cr18NIOTT AN KELE BB 73 AT 1. AR
He2¥ 4, 2015, 36(2) :67-70, 116.

ZHENG S X,SHI Z,HAN F,et al. Ultra-narrow-gap
weld of 1Cr18Ni9Ti stainless steel with constricted

of aging on

arc by ultra-fine granular flux[J]. Transactions of the
China Welding Institution,2015,36(2):67-70,116.
CR#EES 27 50



PILL 45— TR T 2 FREIE S B0 T HL 5 4 s 47 % w2 8 ol e B K 5 ARG 7k

emotion recognition based on improved K-mean Corrosion &. Protection,2024,45(8) ;84-89.
clustering[ J |. Computer Applications and Software, [16] ME 5k, 848, 4 T K WHEAE-TOF &
2024,41(9) : 224-229. RO SRR s R O E AT AT 5L ] TR R
(18] FH0a. X R i A 45 26T K 3R IS TE A #,2024,41(5) :12-20.

LSTM P2 o 45 1) 45 38 J65 1ot [ BEFR00N 7 9 [ . 1 ot LIN J, YANG L H. ZHAO ] L, et al. Clustering
5B, 2024,45(8) : 84-89. analysis of time of flight (TOF) for tomographic
WANG X Y, LIU L,CHEN H Q, et al. A pipeline evaluation of impact damage in composites based on
stage corrosion prediction method based on K-Means K-Means algorithm[ ] ]. Pressure Vessel Technology,
clustering algorithm and LSTM neural network[ ] ]. 2024,41(5) :12-20.

A Multi-Feature Parameter Based Integrated Detection Method for
Corrosion Defects in Buffer Layer of High-Voltage Cable Metal Sheaths

KE Honghai' ,» TIAN Hao®
(1. Electrical Department of China Petroleum & Chemical Corporation Maoming Branch, Maoming 525000, China;
2. Wuxi University, Wuxi 214105, China)

Abstract: Corrosion defects in the buffer layer of high-voltage cable metal sheaths are characterized by high latency and strong
concealment, significantly compromising cable reliability and safety. To address these defects, an integrated detection method
based on multiple feature parameters was proposed. The method integrated infrared detection and X-ray imaging to extract
multiple feature parameters. Differential evolution algorithm was employed to optimize the parameters of the K-Means
clustering algorithm. Using the multi-feature parameters as input, defect identification was accomplished through K-Means
clustering. The results show that compared with three traditional detection methods, the proposed method achieved the lowest
log loss,indicating it had the highest accuracy in defect detection.

Key words: high voltage cable; metal sheath buffer layer; corrosion defect; multi-feature parameter; improved K-Means

clustering algorithm; integrated detection
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Effect of Aging Treatment on Corrosion Resistance of 1Cr17/1Cr18Ni9Ti
Dissimilar Steel Welded Joint by “TIG Cold Welding+UNGW” Combined Process

WANG Junping', LI Jinze', LIU Guoliang's WANG Qun', ZHENG Shaoxian®
(1. Hongxing Iron & Steel Co. , Ltd. » Jiuquan Iron and Steel(Group) Corporation, Jiayuguan 735100, China;
2. Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: “TIG cold welding+ UNGW” combined welding process was employed to fabricate 1Cr17/1Cr18Ni9Ti dissimilar
steel joints. Subsequently, these joints underwent aging treatment at 200 C and 350 ‘C for 144 hours respectively to simulate
their long-term service process at high temperatures below 400 °C. The microstructure of different zones in the combined
welded joint was examined using optical microscopy and scanning electron microscopy, while the effect of aging temperature on
the corrosion resistance of the joint was investigated through electrochemical tests and intergranular corrosion tests. The
results show that no significant microstructural changes were observed in different regions of the combined welded joint after
aging treatment at 200 ‘C X144 h and 350 ‘C X144 h compared with those in the as-welded state. The corrosion tendency of
the combined welding joint did not show remarkable increase with the rise of aging temperature. However, the corrosion rate
demonstrated a growing trend with increasing aging temperature, though the change was not significant.
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