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Quasi-steady isotherm distribution diagram of low alloy steel substrate surface. (a) isotherm distribution of

substrate x-z plane (z = 50 mm); (b) isotherm distribution of substrate x-y plane (z = 100 mm)
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direction of low alloy steel
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Table 2 Characteristic parameters of welding thermal
cycle during electroslag surfacing

fr VEEIRE R A 800~500°C  FHJARAL
B Ta°C (T=1000°C)t/s  WHEIAlfgs/s  HARd/um
A 1070 56 209 3

B 1150 143 208 47

c 1215 156 205 105

D 1280 169 201 173

E 1300 182 199 228




% 3 T & R EEEE SRS R E BT R AR R 103

KP4
£ 4

J A8 <y : >4 1
(d) MR AT B £ AHAZ (e) M A ZAHZHL

9 XE&£W D32 #MHIX WAL
Fig. 9 Microstructures of heat affected zone of low alloy steel D32. (a) at measuring point E; (b) at measuring point D;
(c) at measuring point C; (d) at measuring point B; (e) at measuring point A

2.2.3 BT MOLL A, M 10b 1T LA H 78 ) 5 8 FC A i 40 1 25
10 o o b B R IR R o) F 3 mm Ab4r  EMAISL IEMALUR M,Cy BB EATIR K
FIZHZ R, R 2 B e 2L, IR 10a TT LA ARSI G011 72400 il B D A 5 S A, T 22 41 480
Y e B B B T 2 P S A i A ek s e 950 T 11 BT, XRD AR A A5 R R G
B AT 2 P DL ER AR . ML C TR A M 2 PR kA

1A
1100 F Sk
1000 Qo
900 *— SRk
A— M.C,
, B800F e
§ 700 b
m 600 ¢
=500 f
=400
< 300F Al e
200 -
L 2
100 | - s *
40 60 80 100 120
fist i 20/(°)

B 11 SREB%REEE XRD 54
Fig. 11 XRD analysis of high chromium cast iron
hardfacing layer

23 N1FkRE
2.3.1 fjE
P12 S A S AN | A XI5 DX
B P R T 2 1) Y TR 2 BT B R IXC Y 1,5 I ]
KT 180 s, TR I F b B AR A G218, Wfr
| B0 BREREERLEAR LRI, BEFEZE 330 ~ 400 HV 22 A, Horiiit
Fig. 10 Microstructure of high chromium cast iron hard- K 17 7E KL e BLIC 4120, T R L A B T

facing layer. (a) microstructure (low); (b) mic-

rostructure (high) 400 HV, 45 G2, mosidifl, 284208

(b) Bl E 4 ARAL (=51%)



104 B & % R % 44 %
D W B R AR s ZEFRSE A DT DX ok PR AR TR, SR G P v S T R, R

AN, ERE IR, RS A B IR A X,
B T 2 LA A e TR, R R B
(3G 22 B I T R 1 2 A W R AR
L AL AR URLIR 70 A0 76 B AR SE AR I, B TR
F|'7 700 HV, 281G 450 D32 BEEERY 2 £5.

750 ;
PRAGE =
ool DR == —— T,
650 . o
Z 600 st pean
T 550+ | DX
2 500 L |
;‘;450 AN iy [ )
= ol X }
"y EFTYN X
350 oy L T .
3oL
20 15 10 -5 0 5 10 15 20
BIEAEMNIEE L/mm
12 AHEBMEETL L

Fig. 12 Microhardness change curve of sample

2.3.2 BLmss AR

MERE S RS AR, 4%k F i 14.4 kN,
BURE & A W 2L, WL I T AR S 9 150 mm’, A5
FIWTZITREE 6y 96 MPa. [ 13 Sl REWT 2407 5 )
LB ITRRAE. P 132 W7 1 722 B 5, S0
JETE A B R KR i A, S0 A A I S HE
P2 S P 2 1 mm, T 5 2LS01E R G kM

e, O i \ .'Ir
(b) Wr I 5

B 13 EEAEHORER
Fig. 13 Fracture morphology of push-off sample. (a)
macromorphology of the fracture; (b) microstru-
cture of the fracture

NIRRT . FERSY JREBNIG A S AL ™ Rk A 3
80, ARG ARG SIS W X, 37 3
A A AAGE IR XA L, T ICA DR R . AT,
RG] S = HERA S ST AR5 X ol
SSPRYT, A5G uR AR B HEOR. B 13b I
THOWLIE S ARRAIE, 2 5% 8 0y WG R PR A L, S T
PER R IE AT S - TN - e STD I A5 A CIRTTR TN
TERE, by fiff B P P 24 (EL Pl o 4 K Tl i )2
SRR S AR T AR T N ) o DO o =T ]
& 13b Hfi sk R, FEA I E A D A fe
BT I SLRIE .
2.3.3 iRk

S ATE S S AT 2 NG SN EM, 6
SUTHIE B DX i R i DX 1R, 004545350
IR (25 °C) i RIS RE I ULER 3. G X
[7) DX 3 %) o 40 e 2 R, 0 o DX ) AR 4t /N3
A7, Hoohdi Bk R ar TR, 2 DR s
et MY 116%, 1115 A ARG A X AL &M
FREZ M X, MR FC A U AR A X s i
i HA A SR Y 32%, (5475 & a5 e i i
ER I rEn 5 4%, B 5 i kR A,

#3 E6RERRMCENHERIEES 4,25 T)(J)

Table 3 Impact absorption energy at different positions
of the composite specimen 4,,(25 C)
ML IX 708 I = =S =.v =K R 5 3 |
D32 166 162 164 164.0
BEX 46 58 55 53.0
411 AR X 190 193 186 189.7
T 2 11 10 11 10.7

2.3. 4 TifBEPERE

JE R s 45 X O A5 v % 5 A P v o T M R )2
FEHP-HA T K 0.256 1 g, K] 14 HERRIE .
AT DR T ALY 2N Ay AR 35, A R I 4R
T T2 R B LA, AR 1 2 HA — o SRR R
e FRE R, R R EE A A8y T B D R A i A s
ERE. XFEGIE 11 A& 15 f9 XRD 044t 5L, af LA
RIS I B T )% v BR G4 B B AT, 5 [RAAAH
TG 2, P A I )2 9% [CRE E A 46 HRCH3
HRC, J& 46 J5 A 11 J2 1% [ A 32 o 53 HRC+5 HRC,
FE 5 A T2 - EE R 5 T 7 HRC. X2 R
IR, A A v B AR E AR Az B K oy
BT A T DR AARE AR, ot 75 RS 17 J2 0 5 T s



%3 H

o E B SHR R IR R AR 105

BAPERESR 1. PRI, 7R 7R 323 i ol 3017 F) L
BRAET, BAT BT ACRE AR A4 vl e S AR g B 55 A A
THTJZAT R AT P 5

E 14 BEEERERESR
Fig. 14 Wear morphology of hardfacing layer

1100 f o
1000 i
000 b *— E&ECHZIS
L 800} A— MG
& 700t
~
w600
B 500 |
E 400
& 300}
200 |
100 |
0
40 60 80 100 120
it £ 20/(%)
15 ERUAFFERE XRD 5347
Fig. 15 XRD analysis of wear surface
3 ik

(1) H AR B A, T fRL T ME AR 0 O R TR AR
G4 D32 R A S MR )Z, TARRE S
A Y5], TRBERAEE /N, Tk G R 1R J2 A2 A S
AR,

(2) FL I M ST AR ) DX A B 06 {1 3
1100 °C A1 XA LA X, H 295 BFRIK T 180 s,
A T O, {H S A BG4 76 vo % 5 e ol 2
FMRA 4 B0 AL 1ETTE B B BE 24 50 pm (1 3L A7 IR
DX, AT A 4R o S T e Rl 5 R 5 o A A A
HZHLFRE, A K BRI AL S

(3) HUEHEAR S AR BRI & S R AR s
PR A 5 AR I 2 o I MR R TS A A
SEG T, D2 e A A v e B A T 2 —
W7 2450 B 96 MPa; FHL TS M AR i 5 5 42k Tl i )23 v R

FGIRTE 100 N BRI T A A 0 [UIAA S, B4 i
Je W T AE B i T 7 HRC, HA R A 1 T B 4
PEfE.

S5 3k

[1] Tang X H, Chung R, Pang C J, et al. Microstructure of high
(45wt.%) chromium cast irons and their resistances to wear and
corrosion[J]. Wear, 2011, 271(9): 1426 — 1431.

[2] Tang X H, Chung R, Li DY, ef al. Variations in microstructure of
high chromium cast irons and resultant changes in resistance to
wear, corrosion and corrosive wear[J]. Wear, 2009, 267(1): 116 —
121.

[3] FRAUE, FepAh, Mk, 45, FeAICuCrNiNbx 2 i & 4 HE kL2

PZHE I ERR ST (0], J4E2A4E, 2020, 41(4): 38 — 43,50.
Su Yunhai, Liang Xuewei, Deng Yue, et al. Microstructure and
property analysis of FeAlCuCrNiNbx high-entropy alloy surfa-
cing layer[J]. Transactions of the China Welding Institution, 2020,
41(4): 38 —43,50.

[4] Wang S, Li Y M, Wang J, et al. Effect of in-situ (Ti & W) C mul-
tiphase particles on three-body abrasive wear of high chromium
cast iron[J]. Materials Chemistry and Physics, 2023, 295(2): 127 —
161.

[5] Feng A X, Wei Y C, Liu B J, et al. Microstructure and mechanic-
al properties of composite strengthened high-chromium cast iron
by laser quenching and laser shock peening[J]. Journal of Materi-
als Research and Technology, 2022, 20: 4342 — 4355.

[6] BUEZE, BRI, Wk, Bk R S AR & B AL BUMT 0], 48
£, 2008, 29(3): 145 — 148.

Wei Jianjun, Huang Zhiquan, Yang Wei. Microstructures of high
chromium cast iron for surfacing[J]. Transactions of the China
Welding Institution, 2008, 29(3): 145 — 148.

[7] Chatterjee S, Pal T K. Weld procedural effect on the performance
of iron based hardfacing deposits on cast iron substrate[J]. Journ-
al of Materials Processing Technology, 2006, 173(1): 61 — 69.

[8] Sapate S G, RamaRao A V. Erosive wear behaviour of weld hard-
facing high chromium cast irons: effect of erodent particles[J].
Tribology International, 2006, 39(3): 206 — 212.

[9] LiuJ B, Wang L M, Liu J H. Influence of process parameters on
microstructure of reactive plasma cladding TiC-Fe-Cr coating[J].
China Welding, 2021, 30(2): 35 — 41.

[10] XUPHE, PMRGE, £H T, . AR 250822500l & #
TSRS HON IR R T BIE 20 [J]. SR, 2018, 39(3):
83 —88.
Liu Xiyang, Sun Fenglian, Wang Junyu, et al. Influence of the
surfacing process of laser-arc hybrid welding with self-shielded
flux-cored wire on the bead appearance[J]. Transactions of the

China Welding Institution, 2018, 39(3): 83 — 88.

[ 45 113 71 ]


https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20191015001
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3321/j.issn:0253-360X.2008.03.037
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3321/j.issn:0253-360X.2008.03.037
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.2018390074
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20191015001
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3321/j.issn:0253-360X.2008.03.037
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3321/j.issn:0253-360X.2008.03.037
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.2018390074
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20191015001
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3321/j.issn:0253-360X.2008.03.037
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3321/j.issn:0253-360X.2008.03.037
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.2018390074
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20191015001
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3321/j.issn:0253-360X.2008.03.037
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3321/j.issn:0253-360X.2008.03.037
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.2018390074

%3 H

FW, % MR TEERRERE RGN SR ES e A EREH

113

of welding technologies for thick metal plate welds[J]. Journal of
Cleaner Production, 2015, 108: 46 — 53.

Liu Wenji, Li Liangyu, Yue Jianfeng, ef al. Research on the
“jump sidewall” behavior and its signal characteristics in narrow
gap P-MAG welding[J]. The International Journal of Advanced
Manufacturing Technology, 2017, 91(1-4): 1189 — 1196.

TR, HUER, 45, A5 28 MBS M RE 755 i A 5 5 U8R
BERRIER DT [0]. KA, 2016, 37(1): 11 - 14,

Hong Bo, Dai Wei, Li Xiangwen, et al. Magnetic control and in-
ductance combined welding seam tracking method for narrow gap
submerged arc welding[J]. Transactions of the China Welding In-
stitution, 2016, 37(1): 11 — 14.

Yang Wuxiong, Xin Jijun, Fang Chao, et al. Microstructure and
mechanical properties of ultra-narrow gap laser weld joint of 100
mm-thick SUS304 steel plates[J]. Journal of Materials Processing
Technology, 2019(25): 130 — 137.

Liu Guogiang, Tang Xinhua, Han Siyuan, et a/. Influence of inter-
wire distance and arc length on welding process and defect forma-
tion mechanism in double-wire pulsed narrow-gap gas metal arc
welding[J]. Journal of Materials Engineering and Performance,
2021(30): 7622 — 7635.

HEBE, FRG, FRAERE, 45, —Fh F TR 4R IR R 10 i 2 UL
[7]. JE 82441, 2014, 35(2): 55 — 58.

Hong Bo, Yan Junguang, Yang Jiawang, et al. A capacitive sensor
for welding seam tracking[J]. Transactions of the China Welding
Institution, 2014, 35(2): 55 — 58.

ZEWSC, B, U, A5, T REARE R 0 S 2UAH 4 i A AR A
PRERLIEER (7). F2244R, 2017, 38(9): 61 — 64.

Li Xiangwen, Tao Tao, Hong Bo, et al. Swing type adjacent capa-
citor welding seam tracking sensor based on thin plate lap joint[J].
Transactions of the China Welding Institution, 2017, 38(9): 61 —
64.

(8]

]

[10]

[11]

[12]

[13]

P, AR, ZRIASC, A5 AL A LB A AT U AR R R AR K
% (0], FEE2dR, 2015, 36(4): 9 — 12.

Hong Bo, Zhu Yafei, Li Xiangwen, et al. Capacitance and induct-
ance composite bridge welding seam tracking sensor[J]. Acta
China Welding Institution, 2015, 36(4): 9 — 12.

FRAE. LB EHAE [M]. W R R AL, 2017: 47-
48.

Wang Dalun. Electrodynamics tutorial[M]. Xiangtan: Xiangtan
University Press, 2017: 47-48.

AR, A= B[R] TR 3 L A AU S K AL R B E AT (0],
fEIEH AR F, 2008, 21(12): 2000 — 2004,

Xie Dong, Li Changxi. Research on capacitive sand moisture con-
tent sensor with co-planar scattering field[J]. Journal of Sensor
Technology, 2008, 21(12): 2000 — 2004.

R, WEA, BT, & 5T ANSYS RY[R T £ it i 25 %
EERTEBTIE [1]. TR, 2010, 30(4): 9 - 11

Wu Yunjing, Dong Ensheng, Pang Yu, et al. Simulation research
of multi-electrode capacitance sensor on the same plane based on
ANSYS[J]. Measurement Technology, 2010, 30(4): 9 — 11.

HOMR, BRIZR, 5577, 55, BT AD7150 Tz R il 2545 3R 1
WFFE [J]. B FREA, 2012, 37(6): 425 — 428.

Huang Lin, Chen Xiangdong, Xie Ningning, et al. Research on
micro displacement capacitance sensor based on AD7150[J].
Semiconductor technology, 2012, 37(6): 425 — 428.

Schmitt D, Novak J, Maslakowski J, et al. Automating a preci-
sion braze paste dispensing operation using non-contact

sensing[R]. Albuquerque: Sandia National Labs, 1993.

F—EE NS, W, RIZER; FENFREAER AR
Azhfb. BT 2 RRESHHEBIMES T &%
B 20 %5 ; Email: xwlee@xtu.edu.cn.

(4w%8:  Eh%)

[ E$%58 105 T2 ]

[11]

[12]

Xie G, Sheng H, Han J T, et al. Fabrication of high chromium cast
iron/low carbon steel composite material by cast and hot rolling
process[J]. Materials & Design, 2010, 31(6): 3062 — 3066.

Xiong B W, Cai C C, Wang H, et al. Fabrication of high chromi-
um cast iron and medium carbon steel bimetal by liquid-solid

casting in electromagnetic induction field[J]. Materials & Design,

[13]

2011, 32(5): 2978 — 2982.

Rodionova I G, Sharapov A A, Puzachev V 1, ef al. Use of elec-
troslag hard-facing to improve the quality of corrosion-resistant
bimetal[J]. Chemical and Petroleum Engineering, 1998, 34(2):
139 — 143.

SE—1EF: Lk, Wb RTINS R

Email: qiaowanghao@126.com.

(%5E: =88)


https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20151126005
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1004-1699.2008.12.010
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1674-5795.2010.04.004
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1003-353x.2012.06.003
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20151126005
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1004-1699.2008.12.010
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1674-5795.2010.04.004
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1003-353x.2012.06.003
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20151126005
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20151126005
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1004-1699.2008.12.010
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1674-5795.2010.04.004
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1003-353x.2012.06.003
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1004-1699.2008.12.010
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1674-5795.2010.04.004
https://hffyb735fb880517c48b6hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1003-353x.2012.06.003

VI TRANSACTIONS OF THE CHINA WELDING INSTITUTION

2023, Vol. 44, No. 3

spectively. The microstructure of the surfacing alloy with 5%
Ti is the smallest. Tic or NbC hard phase particles are evenly
dispersed in the structure and can be used as wear-resistant
particles to form a wear-resistant skeleton with refined primary
austenite and eutectic structure to jointly resist the wedging and
cutting effect of wear particles. When the content of Ti is 5%,
the surfacing alloy containing Ti achieves the best wear resist-
ance, the hardness is 66 HRC and the wear amount is 0. 048 7
g; When the addition of Nb is 4%, the surfacing alloy contain-
ing Nb achieves the best wear resistance, the hardness is 65
HRC and the wear amount is 0. 052 4 g. Under the same condi-
tions, the iron-based surfacing alloy containing an appropriate

amount of Ti has better wear resistance.

Highlights: (1) The Fe-Cr-C-B iron-based surfacing alloy
containing Ti or Nb is prepared by open arc surfacing with self-
shielded flux-cored wire.

(2) The effect of Ti or Nb on the micro-structure and proper-
ties of Fe-Cr-C-B iron-based surfacing alloy was analyzed.

(3) Comparing the strengthening effect of TiC and NbC hard
phase particles, the Fe-Cr-C-B iron-based surfacing alloy has

the best wear-resistance.

Key words: iron base surfacing alloy; self-protective flux
cored wire; open arc surfacing; microstructure and properties;

TiC and NbC particles

Development of high power low ripple plasma spray chop-

per power supply  WANG Dianlongl, HUANG Haol, Z0U

Xianxin', LIANG Zhimin', WU Chaojun’(1. Hebei Provincial
Key Laboratory of Material Near-net Forming Technology,
Hebei University of Science and Technology, Shijiazhuang
050000, China; 2. Institute of Aerospace Materials and Tech-
nology, Beijing 100076, China). pp 92-97

Abstract:  Plasma spraying power supply usually adopts
thyristor rectifier power supply or inverter power supply, which
has problems such as low efficiency and large output current
ripple. It is difficult to meet the special requirements of plasma
spraying process. A high-power plasma spray chopper power
supply was proposed based on an eight-phase interleaved paral-
lel Buck converter in this paper. Firstly, the circuit topology of
the chopper power supply was designed. The working prin-
ciple and the current ripple generation mechanism of the chop-
per power supply were analyzed. The influence of the number
of parallel phases and the duty cycle on the current ripple was

clarified. The simulation verification was carried out. Then,

based on the requirements of the plasma spraying process for
power supply characteristics, a four-phase interleaved parallel
module with power of 40 kW was designed. Under the cooper-
ative control of the CAN bus, an 80 kW eight-phase inter-
leaved parallel chopper plasma spraying power supply was
formed. Finally, the plasma spraying chopper power supply
prototype was built. Spraying experiments were carried out to
test the output ripple and efficiency of the power supply. The
experimental results show that, compared with the traditional
thyristor rectifier power supply and inverter power supply, the
current ripple rate of the chopper power supply was reduced by

more than 50%, and the power efficiency was up to 94. 5%.

Highlights:

on an eight-phase interleaved parallel Buck converter was pro-

(1) A plasma spray chopper power supply based

posed.
(2) Based on plasma spray chopper power supply, the control-
ler of eight-phase interleaved parallel Buck converter was de-

signed.

Key words:  plasma spray; chopper power supply; Buck

converter; interleaved parallel; current ripple

Study on temperature field, microstructure and properties

of electroslag surfacing high chromium cast iron WANG

Hao, HU Huie, CHI Junhan, CHEN Ze, FENG Zijian(Naval
Engineering University, WuHan 430022, China). pp 98-

105,113

Abstract: In this paper, the high chromium cast iron (HCCI)
hardfacing layer is deposited on the surface of D32 low-alloy
steel by electroslag surfacing method. Combined with the tem-
perature field measurement of the heat-affected zone (HAZ)
during the surfacing process, the microstructure and mechanic-
al properties of the HAZ, composite interface and hardfacing
layer are studied. The results show that: the heating and cool-
ing rates are slower during the electroslag surfacing, and the
temperature distribution in the low alloy steel substrate during
the stabilizing stage is uniform; the maximum temperature
gradient in the surfacing direction is 23. 1 °C/mm. The maxim-
um thermal stress in the low-alloy steel substrate is 25.9 MPa,
lower than its tensile strength, which effectively avoids the oc-
currence of cracks; the composite interface is smooth and clear,
with an austenite band region, about 50 pm in width; The
grains of HAZ have grown, whose microstructure is a mixture
of ferrite and pearlite. The microstructure of HCCI hardfacing

layer is composed of austenite, carbides and a small amount of
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martensite. The M,C; type carbides are small and uniformly
distributed in austenite grain boundaries. The bonding strength
of the composite interface is 96 MPa; the impact energy (53 J)
of the composite sample is significantly higher than that of the
HCCI hardfacing layer (10.7 J). During abrasion, the HCCI
hardfacing layer undergoes martensitic transformation under a
large load, the hardness is improved, and an excellent perform-

ance in wear resistance was obtained.

Highlights:

graphy technology and thermocouple temperature measure-

(1) Comprehensive use of infrared thermo-

ment technology to monitor and analyze the thermal process of
electroslag surfacing.

(2) The feasibility of electroslag surfacing of high chromium
cast iron was demonstrated from the analysis of microstructure

and performance results.

Key words:  electroslag surfacing; high chromium cast

iron; temperature field; microstructure; properties

A cylindrical capacitance sensor suitable for automatic arc

tracking system of narrow gap weld LI Xiangwenl,

WANG Lu', YI Chushan’, WU Jiayun’, LONG Zhiheng’(1.
Welding robot and its application Key Laboratory of Hunan
Province, Xiangtan University, Xiangtan 411105, China; 2.
China Aviation Development South Industries Co., Ltd.,
Zhuzhou 412000, China; 3. Xiangtan University, Xiangtan

411105, China). pp 106-113
Abstract:  Seam tracking system is one of the key techno-
logy to realize intelligent welding. Aiming at the problems of
welding seam tracking in narrow gap, such as the difficulty of
real time seam tracking weld seam of sensor, a new multipole
array capacitive sensor based on fringe electric field techno-
logy is designed. And the welding seam surface reconstruction
is realized through the capacitive signal processing technology
based on wavelet filtering and nonlinear mapping technology.
Firstly, a mathematical model of multipole array capacitive
sensing is established, and the capacitive sensor structure is op-
timized through theory calculation results and finite element
simulation analysis. Subsequently,The capacitive signal of the
sensor is extracted and optimized with the help of capacitance
signal processing technology, the welding gun offset,and weld
deviation are both obtained. The results show that the recon-
structed weld surface is basically the same as the narrow gap
weld in the experiment, and it is feasible for the multipole ar-

ray capacitive sensor applying to narrow gap weld tracking,

which is of great significance for narrow gap weld tracking.

Highlights:
edge electric field technology is designed.

(1) A multi-pole array capacitive sensor based on

(2) The sensor is used to reconstruct the bevel shape of narrow

gap welds.

Key words:  narrow gap welding; cylindrical capacitance

sensor; seam tracking; capacitance signal processing

Effect of scanning characteristic parameters on surface
morphology of selective laser melting 316L ZHU
Chunxia, QIU Bojie(Shenyang Jianzhu University, Shenyang

110168, China). pp 114-121,128
Abstract: In order to study the influence of different scan-
ning characteristic parameters on the surface morphology of se-
lective laser melting (SLM), 316L stainless steel powder was
taken as an example to carry out the single-layer and double-
track numerical simulation at the mesoscopic scale. Based on
the Discrete Element Method, the numerical model of powder
bed is established. The Volume of Fluid method is used to cal-
culate the melting, flow and solidification process of heated
powder in powder bed. Considering the three scanning charac-
teristic parameters of laser power, scanning speed and scan-
ning spacing, the orthogonal experiment was designed and car-
ried out to study the influence of selected scanning characterist-
ic parameters on the tracks morphology on the surface of the
formed part was studied from the two aspects of the tracks
morphology and the tracks width. The effectiveness of numer-
ical simulation was verified by actual printing and morphology
observation experiments. The results show that in the range of
linear energy density of 313 ~ 500 J/m and scanning interval of
50 ~ 90 pm, the morphology of melting tracks with smooth
continuous local defects can be obtained, and the parameter
combination in this interval is linearly corresponding in turn.
In terms of the influence on the integrity of the weld morpho-

logy, scanning speed > scanning spacing > laser power.

Highlights:

meters on the morphology of melt channels from the perspect-

(1) Research on the influence of process para-

ive of multi-melt channel forming under mesoscopic.
(2) Verification of numerical results by using the method of
non-sectional image observation of melt channel and numeric-

al results for mutual comparison.

Key words:  selective laser melting; tracks morphology;

single-layer double-channel; numerical simulation



	hjxb-2023-3_online_merge.pdf
	电渣堆焊高铬铸铁界面温度场及组织性能


