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Study on Welding Heat Source Model and Preheating
Temperature of 70 mm Thickness Q355B Steel Plate

Wang Haishan'?,Xia Ruiqi',Shi Mingfang' and Jiang Yongyang'*
(1 School of Civil Engineering, Inner Mongolia University of Science and Technology;

2 Zhejiang Zhongnan Green Construction Technology Group Co. ,Ltd. )

Abstract Taking the welding process of 70 mm thickness Q355B low alloy high strength steel plate as the re-
search object,the distribution characteristics and variation law of residual stress along the welding path is systematically
analysed. The residual stress of welded (Q355B steel plate is simulated and analyzed by means of the ANSYS software,
of which the simulation results are compared and analysed with the actual measured values, the Rotary — Gauss body
heat source model is determined as an optimum model finally. Based on the model ,the ANSYS software is used to study

the evolution law of the temperature field and stress field of the welded test plates under different preheating tempera-

tures. The results show that the rational preheating temperature is set around 400 °C.

Keywords Heat source model, Welding test, Temperature field, Residual stress, Preheating temperature
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EH36 LAt -BIlESRETIZHHRHTR

HiE ThEk F%9
(VLEA XL PN B FRA A )

i EEhx 6 mm JBJE EH36 SR BOE - IS &R T 2O, 2 Ar ot sh R R alh
i IR IR R KR 22 B AE TSRO R PLR M R BB i . SRR Bt -
ME G LZSHBE NPT (5 400 £50) W HHTHIF (200 £5) A, 3R )E (22 £0.5) V RHEHE
fE(2.420.3) m/min SRZMNE(3 £1) mm if,6 mm EJF EH36 FAMTH B M9 1R 42 SCBLERR WD, MR 48
X EH36 U Bt - mIKESRE BEEEERH TIZSHib

Research on Optimization of Laser — Arc Hybrid Welding
Process for EH36 Grade Ship Plate

Xu Junfeng, Wang Chunbo and Li Zhiming
(Jiangyin Xingcheng Special Steel Works Co. ,Ltd. )

Abstract The laser — arc hybrid welding process of 6 mm thickness EH36 grade ship plates is studied. The ac-
tion mechanisms of process parameters such as laser power,arc current,arc voltage, welding speed and wire extension
length and their influences on weld quality are analyzed. The results show that when the process parameters of laser —
arc hybrid welding are set as laser power (5 400 £50) W ,arc current (200 £5) A, arc voltage (22 £0.5) V,welding
speed (2.4 £0.3) m/min,and wire extension length (3 +1) mm,the weld of the 6 mm thickness EH36 grade ship
plate achieves full penetration with less spatter and relatively high welding stability.

Keywords EH36 grade ship plate, Laser — arc hybrid welding ( LAHW ) , Welding quality control, Process pa-

rameter optimization

0 &I

HOE - I SR EEOR (LAHW) 0 R
WOEAT DR IR P RIVE A, 7= A R SR B
FERBOCIF I R BB BE AR P A B IO S 0 R e
Rk, ELAE 5 AR R AR B R IR, (ELR
EMERRR VAT P R BB ML B
FEIRE T S IRIEIEAL , 1oy B8 B2 5 POk [ 15 1k
AR T BRI SEBURIRTR 7 45142 5 i DI
BYROE , IRTEEOLEE S T 8RS &, ¥ s
B CE AR E S AR HAE AR 22 RS, PRI
BUKS BE K 5 D RS SR L , O A B T A R
IR R AR, s TR A IR TRk
A R U B S A AL, B FR TR
SR .

il

FRAR RS EH36 20 245 44 S0 M A M A0 o 2 L TR
V-5 Beifg b XU A SN )T, R B e Sk
B HBEXRR BN S Z 258 Rl & .
B PSRRI SR E R E R E 20 1
F, B R  BA T R M ) 2P B T ik
AR, BRI, R 2 GG R A 2R 12 = 1R
BBk R, KR 2 EH36 Z AR SR BT 10
By 2 —. A3CLL 6 mm BB EH36 2 H
MR, R PG 4T 8048 5 BRI .
Ar +20% CO, IR AP SE BT IR RS, 047
BOET R LR R R R R R AR
it B %5 T A S HO0 R 88 I B bE A ek
PEREI S ), #E T R4k EH36 AR 0L - B ik
BEBETL,



%13 TR, % EH36 SOt - iR &R E T Z Mo 9
1 12858 BEFRAR ISR 2 B

1.1 R4

R FIEEH 4 EH36 HAR 4R, B4 B IR #)
PR Tl RO RE ) N TR R
W TR, A HAE N (6 x 80 x 180) mm,

ROPRBELWE 1 FiR , KA i 1 pr NS
7R, EEADE BB IER, R 10 7
H 504 b5 B 8 0 B 4 0 X0 0 1 2 ML B0 BRI A

%1 EH36 ZftRiRUER S (RESH) %

JCE C Si Mn P

Nb Ti Cr Ni Cu Mo

JREE 0.11 0.23 1.55 0.012 0.012

0.045 0.016 0.17 0.08 0.1 0.028

*®2 EH36 Fiath S itae

R,/MPa R, /MPa A%

R,./R,

kB C KV,/J

415 532 30

-40 148,159,137(148)

B E AR A1 9 ERSO - 6 AR LRI R A
BRANSC AR 22 SR 22U @12 mm, 5 GB/T
8110—2020 (/& etk MRy B IR HIE & &

R ERRLN SE 00 8 22 ) IR HER BOR o SR 2 B AR
WEE RN 3 B, SR 22 B & T S AL BE 1R A
k4 gt

%3 ERS0-622Z4ZRS (RESH) %
JoE C Mn Si S P Ni Cr Cu
mEE 0.06 ~0.15 1.40 ~1.85 0.80 ~1.15 =0.025 =0.025 =<0.15 =0.15 <0.50
F4 BLphFME
R, /MPa R, /MPa A% MR/ KV,/1
=400 =490 =22 -30 =27

L2 ERiakIZ

RO - RIME SRRSO E T ®
HIBOGE 5 R350 LEHLLH R, A4 B e AR A 4
WG RS BOLRERMtRAER SR, YR
R ARSI B LR, ARUEARSE IR TR 5 L S
AR LIRS T SR R RE S, —E B FIME
MRTEATE R AR AR PRI R B 4 IR
MIRLE, RRRPGE T ESEN REETR Y
SN, R AR Rk, o A B BOET R R
LU FEL O R s AR R R AR 2 (i i, 3t
15 IR EOLE, Xf LAl IR 45 R, M E0L - B

WME S RELZ BT R S 5 e
IR o BORTh ALK 5 200 ~ 5 600 W,
FALAB S AR AL X R S 1 5200 5 e 9 R R 7E
180 ~220 A JEFE IR, 43 b7 HooH IS T M MR 48 52
w5 B IR AR ALY B 20 ~ 24 VAR 5E KR
Ak H IR R T B s b W Bl AT R A 5 AR ek
FiXE 1.5 m/min 2.4 m/min 5 3.3 m/min =
4, TR PR\ X SR A T B PR RS 5 AR 22 (i
HWZEH 1 mm 3 mm F1 5 mm, % AR K
ALK BRI BE B . O - Bl
HEBEBELASHIERS,



- 10 - EER £R2%
RS BA-HMSEEEENIZSH
HBHS BouhrR/W  BmIEF/A RIEEY EHEE/(mominl) B24HE/mn
1# 5 200 200 22 2.4 3
2# 5400 200 22 2.4 3
3# 5 600 200 22 2.4 3
4# 5400 180 22 2.4 3
5# 5400 200 22 2.4 3
6# 5 400 220 22 2.4 3
T# 5400 200 20 2.4 3
84 5 400 200 22 2.4 3
9# 5400 200 24 2.4 3
10# 5 400 200 22 1.5 3
11# 5400 200 22 2.4 3
12# 5 400 200 22 3.3 3
134# 5400 200 22 2.4 1
144 5400 200 22 2.4 3
15# 5 400 200 22 2.4 5

2 ARERS5HW

R TRy R KR I R O T

B 2 AARIBOETI R T - e A 154
FREEFR RN, M 2 AIAN, LA 5 200 WA
BOCTh ARG, 4% BT 1 R B B i , LT
BB A RS RRE IR AR
BRI A2 () A5 24 LA 5 400 W) HR 0T
RGN AR B AR, I 24 LA 5 600 W

2.1

RIS 200 WIEDRIREE Ik ]

A

(2410405 400 WHOETh SRS I

&2

(e)3#i0I85 600 WL T R A% IF 1R
AFRBEEET R FETEN

RSO E L, R R B EM & RIR
b, e TR AR U ol B T, R P BT —
AGRALJE GRS EOLTRIE D R LIRS, H#
e FEARN , TRk BB RLAL , (U Pl U7
B ESUR TR, WBRE B IR ; GROLT R
R, BLLIS BEA 5 RESTHE , SOt AT
A, BT

(H3HRIS 600 WEHETH IR TS 18]
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2.2 YN -5 A IR X AR S i A R TR J9 180 A I, R ER AR AR ; 2 B I IR O 200 A
B3 AR EIMER THROL - RSB BB ILER, CIkA; S im R mz
WARAETERIXT b & 3 W LI, IR 220 A WA AR BAERERRH Wk,

(a)4#l 36 H IR 180 AKREE i) (byHAR IS DI JE 180 AMRAETS T (c)5# 40 ML I HL 7200 AXREEE H

((1)5#"&&15&[:@4%:\ EE;YﬁZOO A‘}:@gﬁ%ﬁﬁ (e)6#fjtgﬁl:ﬂf,m Fﬂ‘(JﬁZZO A@?J%IEW (f)6#iﬁgﬁ|;ﬂa)m FEYJIXLQZO Aﬁ#ﬁ%ﬁﬁ
B3 ARG T REEES

B4 NAFEIREETHEOL - milEaR B EERERE, WIS RS IR ; 4
WRRAETEHIX b, hE 4 v LIEH, JRIEE mIlm sy 24 V ik, iR RE, WG 2, 1fil
H20 VR RSB DS HEINEE N2V HRE,

3oL R22 VARAE

()7 I T 20 VIREEIE Al (by7#IAT FEL N R 20 VR4S TH (c)8HIR,

(D)SHLAHE IR EL ) K22 VARAETS i (e)omiztt i I 24 VAREE IF 1
B4 AREIHEET WIEETEH

IR RS RN EWE LR ERIE RIS s R KA K, il R
B RE AT SRR AR TR JETE, M E R O, RIS, IR Z A ) MR R R )R
PEAFERE , s EER IR A BOE SR BLAR; S e R ad /e, e B, & B
B o MR SN S A ISR AR . RIEEUR I AR
L IR P R, AR A, RO Il 2.3 ARPE SRR B R R
B /N, By th R ARE , AR . HARE B 5 RSB T , % 6 mm JEE EH36
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R

#32E

ZONT M T O - IR SRR TRAR

TRAEFEAINT o

(1 1R IRILH E 2.4 m/minfB4E7T

(e)1 24 CIR AR HEE B 3.3 m/min R4 TF

(N2 I FEETES.3 m/minEAETF AT

B5 AFHFEEET ST

FHE S ATRLE M, B 1.5 m/min fREE
PR, W R AR 5 250 2.4 m/min fRIZHUE
SRR RAE ST AR, €Ik B 3.3 m/min
SRR IR, T R IR B X 55, SR
JE PR R B A AP TR 04 1 i B ], R S i A 7=
BB ANIG IR iz?iﬁéi%f“i@j( AL
FF AL 240 5 B i 1B, 22 5] e P R AR
BN, RECREEIR G LA EF&%J@E s IR
FE R, HIEERBERMARNE, 55 R8UER

(W IHRBLL R

i

() 14T AR 22 i 1 3 mm AR TS TR

FiE () 3HATRLL B | ot 1

() SHIRIHARLL N H LS mkP4 TF 18]

o
2.4 KRR H BRI

K 6 AR T oL - e 4
JRBEREILSIT L. RE 6 TTLIEN, B2 M
HESN 1 mm B, 22 hha i 5 51 k8%, Bt
YL FL TR AL 15 RS 22, T R I X 55 488 5 24
JELo7 (b B R B H) 3 mm B T RG o H ORI
b IR R B ANE) 5 mm 5, B R EEX
5898,

() L HARIG IR 22 fl B3 mmARL5% 1

O 15HRFIR 2R H &S omGEETT H

K6 AFRLLMEETREER

e L4 5 Bl W 114 95 22 [ R BEL 82 A TTT T (R

INARESE ) | 45 22 4 B, A BE PG, AR 22
Js AR BT MR, FEAH [R5 22 T8

BT KA

BHEARE, AR TR SRl
/NI, BH O R, HAR 22 JE A 5 5 R
B, IS R EBE R A RIS, (THE2T)
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X60M IS E LW A S A%

kOF X F RAR £0FE OEIXM TR RAH
(FE P B R BRI

i B CRASOKHABE—LD $5Pii—LF K —RH B2 B0 5 G R X60M Rt S 8.
B HR A RO NV T U R A BT RS LR T LHRE S -F .
BF 2 B 9 S AR 9 JEE 502 ~ 536 MPa, IR E 559 ~ 599 MPa, JRi# i 0.84 ~0.93, - 20 °C w53y 286 ~301 ],
i & APL SPEC 5L 20182 ) ft X60M ZE LA B9 2K s Xof Uik SR B SR 2 00 -5 Jy 2 R, D gk
RS 5

XR AL RRYITR JERRE i

Research and Development of X60M Grade
Hydrogen Resistant Pipeline Steel

Zhang Dan, Liu Tao,Zhao Bengiang,Shi Xiaoliang, Wang Wuxian,Cao Yakun and Zhao Chengrui
( Steelmaking Division of Tangshan Medium and Heavy Plate Co. ,ILid. )

Abstract The X60M grade hydrogen — resistant pipeline steel is smelted by using hot metal pretreatment—LD
converter primary melting—LF refining—RH vacuum degassing refining— Continuous casting. By controlling the smel-
ting composition , microalloying design with the addition of elements such as Nb,V and Ti, and combining with con-
trolled rolling and controlled cooling processes,a balance between strength and toughness is achieved. The yield strength
of the developed steel plate is 502 ~ 536 MPa,the tensile strength is 559 ~ 599 MPa,the yield - to — tensile strength ra-
tio is 0. 84 ~0.93 ,and the impact energy at —20 C is 286 ~301 J, meeting the requirements of X60M grade pipeline
steel in API SPEC 5L 2018 " Pipeline Steel Pipes". Compare the inclusion conditions and mechanical properties of the
test steel plates to provide practical experience for subsequent production.

Keywords Hydrogen resistant pipeline , Inclusion rating, Yield strength,Impact energy

0 Bj EBR, ML L 2RE, HE= MR RR e,
X60M % ([E4% T415M 28) Fi S S LM IEH HRASGAVmIEOEERER, EILFERME
FRA A (R AR “ B A ") F4E X60M 2% i &

—FP T R T R R IR A R K T VR R A
R %ﬁaﬁ};@_ .T@JJ@M]; 5 p 4 BRI A F= S BRTT R R A B0, AU i
SEbERE %um.%;m C )RR ey AT AL R R EL?EJiUWL%E

ISR A O AR a0 DR TR AR AL S
P R, T R R I R K B L Frey
= \ e ML X6OM S S EF AR AL

RERE , S AR Ml A oK 2 I s , T 4

HERSH TEPSEEESHAT Y, £ 1 BN UAERASIZ

X6OM Hr AL AR B R, MRS . 11 Rt

GBI B IR T R T 2 28 iR 4 X60M S50 50 2 40 10 FR 40V LU B8t . 4
PR U BE AR AR A R IR AA D, B A A TE S TS
HESTHMSY , ITEERERA T2 MG SRR, A B4 ke R0E APL

il
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SPEC SL 2018 (&M ) Bk, C SR /4=l iR SR T, B % BE R S 7 2 b 59 3 /s
7E0.045% LIF, Mn FEAMH1.22% ~1.30%, R, (2)Cr TRNEERRTAMME, HRE
VI N V. Ti HMASTTH, HEELES (TM- BEh R R R AR IR LA
CP) T2 4ik &k, F- M58 BE 5 (R IR B TEA FEICR BRI, S T 7 B 4% PR
KEBTEMLHIABA 2 M HE: (1)Nb JTE ££0.005% LR, P Bt /-4 <0. 008% , 3 i i
TER T I A K e ey (NDC) Bl BAL BN Ca B TOLRERICAN B AW, 45 & b LI T
Nb(C,N) XS HT AR B W RERE, TLAARL  ZWHPRAGURIT o HBMHEIT R 1,

#1 X60M FHSEBMMLER SR RESHH) %
HE C Mn S P Si Als
PR Bl R 0.030 ~0.045 1.22 ~1.30 =0.005 =0.008 0.10 ~0.20 0.020 ~0.035
SR IR 0.040 1.25 0. 003 0. 005 0.15 0.025
TH Cr Ti Nb B N P,
PR Bl R 0.22 ~0.30 0.010 ~0.022 0.040 ~0.048 =0.000 5 =0.004 5 0.11 ~0.13
SR IR 0.25 0.012 0.042 0.12
1.2 WHLE BRaETE 0. 010% ~0.022% , 454 400 ~ 800 L/

X6OM NS E LW BHE T LW min SRBEH(E IR ANE BIF, RH ASHS
KA B —LD Felp i —LF Rk —RH KBl ACBEYESGE 25 B <270 Pa, B[] =15 min, PISE
SAECC . Poke KR BEERERM,S  H[H]<1.5x107° [N] <30 x10"°, iLA 3T
B3 %<0.001% , 7 LD @ s a4t BATNARZ LI MSHERE .. E%E8RE
S5HRHER T, 1 C<0.045% \P<0.011%,  THETEEHRTE3 ~5 mm, “YQEH HKEE
BRI A R 70 LF KSR BISEIE W78 1. 2 L/kge 47 5 04 5104874 5104875 1
CaSi £ 150 m FYSSAEEE ST a &b K Ti Fiidsr  X60M L= ELMmbz2 o Wk 2.

R2 X60M LIS ELRMALZEN S (RESH) %
k=3 C Mn 8 P Si Als
5104874 0.041 1.255 0.001 0.009 0 0.159 0.026 0
5104875 0.044 1.258 0.004 0.008 5 0.152 0.025 6
e Cr Ti Nb B N Pon
5104874 0.265 0.014 0 0.043 0.000 4 0.003 7 0.13
5104875 0.274 0.0135 0.045 0.000 1 0.002 4 0.13
1.3 HHITZ SE LML SRR AR T LS8

RN ALAH 8 ~20 mm JBJE X60M i AIEE 3 FiR,

£3 it X0M HHEEEAMMEARS TESH
WU /mm MALRRE/C PEEEE/mm CRIFALRE/C  HGLEE/C ROERE/C

8 ~20 1000 £20 35 ~60 <950 815 + 15 400 ~ 450
2 X60M LS E W REM A 1/4 REIBU(ARE x 20 x 15) mm RJ G AHIKH:,

F% 5104874 F1 5104875 Pkl Gt DAPRIARERTPFBITE . SR HEELL 500 x
TS T RIEGL . LT AR MORTH 25 lmage - Pro Plus FRAMT AL,
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i I, % X60M FHLRE RN 5T & - 15-

88 GB/T 10561 —2023( M P AR & @ kW) & &
(000 5 A PP PR ARG B 1 ) A R EAT e 2y
PR At T B R G JE 4% Bk
MRS RR MG T R T 2 g9,
H R A 2E(EALY) (B 2R (EALER) D (3R
REY) Je 2y 5 83 BB T B F et e Je
Y )& E R S A R

2.1 5104874 iR

B 1 2y SLOABT4 Y &L il A il b Fry e

g 114 Mg0 * TS
BRTUE: 1418um| . 100%{'4%*&(5235
VAR 2.93 100 | == 75%7tHeL

i ikl —e 509 AL

100 ", e A
Ca0 ¢ 25 50 75 100~ ALO,

(a)CaO-ALO ~MgO

YIS, H CaO - AL O, — MgO/CaS 9 =JTHH & L
B 2, el Em BTt Wk 4,

(a)DSHE Ze ) (byBAs e 2
B 1 5104874 4Pk FrLANAR e 2 T i

SIS 315 cas | OEBESE
KB 2750 um| ¢ 100 — 100@%%%
. 4.99 - - 75%{@ Zx
FHER Hm ‘ e SO AL

(H)CaO-ALO,~CaS

B2 5104874 4HyR N =JCHEE

x4 SLO4874 PR ELFIRIRHI R R MRES . %

WS> ALO;  CaO  Mg0  CaS TN MnS

EHE 64.78  9.20  10.40 11.57 0.01 4.04

LT 2 FIFk 4TI, SLO48T4 Bk S 7k
BAFA21.5 pn, B/NFH A 2.93 pm, Je 2
YK B 2R S 1, W 1 e 2y T S
BB R RO B A AR, A BT Y PR T
e PV 8 5 S J W R B IS , 7
kA S BUAR BT, PB4 2. 93
4,99 wm AL, e 28 (A LA /IR
(B ATIAR 27. 5 pm HOSEZR YT T RE AR R 4
MRS MR , T HLTE AR 3% 3 B 3R 5 1 A
FRIT , 265 ) S

MIEAMRT S 5147 , A KB I S
B S BN 4. 049 , 5 HHISSE o, H A AL
R M BB 7, 7ERD R 0 B RO B A
NRASTE BT AT B F MR b
1 ; B FA LIS R 5 B35 64.78%
A S A 7, SR T S R M2, A AL
SRR o2 o M LA P T, 7 5 R

LR R SERk AR , B R IR TR DT T R
Wi R B R o
2.2 5104875 Pk

SLO4875 YLl AR e (4 e Ze B A
B3 Fim o

50 pm
(a)DSH T4

(h)BAIZ=
B3 5104785 JH kA e x4 0

K 4 % 5104875 f1¥k CaO — ALO, — MgO/
CaS W =JuMIE., ME 4 TLEWL, ik
B 221.13 wm, /N HEE 3.56 um, 244
FHIEARN 5. 84 pm, A KELY I 249 I & 4
#2.82% ;B R AN Je I W) R 4r 4K 77. 38%
LHT RN e 4 RE 2 I B A
PS5 ERMEERNL., NRTo6RE, iy
Y E RS K, B K EARR S 221. 13 pum, T £/
HAFHER{CHN 3.56 pm, N KR 257
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W, BB BEE 2 T B h e M e S
HEEHLHIE A, W RAR BB = L R R
B SR, PR EAL 5. 84

B S . 148 MO | * ?lﬁﬁ%ﬁﬂk
RAER: 2539 um| 0 01— 1009% HAIZE
SR P A - - IS%ATE
P AR 3.56 pm - 500/2%12@%

X 0
75 100 ALO,

Ca0 o 25 50

(a)Ca0-AL0,~MgO

wm, BIREARLE FRORGE, BR AR R B2
B R BERI T TE RS s o R TR
SRS R ILE S,

FEELAT D . 486 CaS [ * FHHS A
FREAE: 22113 um| 0,19 — 1000%/&1:%5;
SEHEHAR: 6.37 pum 75 /F@g/{ﬁ/jg

== 50% AL

a0 0 25 50 75

(h)Ca0-ALO,~CaS

B 4 5105875 kB =JCHE

£5 5L04875 poxELEIHEM R EMRESE %
7% ALO;  CaO Mg0 CaS TN  MnS

ENE 77.38  2.77 4.34

12.68 0 2.82

HIZR 5 W1, WRZRMR B A R TE , A 2ehi
P Je st S B 4y Bk 2. 82% , i HLAE ST AR K,
1M B FEAALER T Z W BTy RO 1K 77.38% , &2
PLB B R AR RARE . ALY T 2RI
Tl B P S Y R B S R E AR
ISF, LB G (9 45tk 2 TEA TR AR L i 5| A B S SR
REARSBYE B ST D7 VR BE s B Y e e B
H AR BRE R B A AR Tl
AR R DUl 80 2 sk A RO s b
B, RN REBERE AR, U = AT

A

2.3 RIYITEGT

&R GB/T 10561—2023{ fh k4R Je a4
R RE bR TR B B AR I8 ) AR v, W AR
PR RN T Je 2 S R AT VR , S5 R
WK 6 Fras, (1)5104874 1R %L 5 BN AR
PER SR 2 TR, R ZP R K T 2215 5
EMEARE, HF.092 - 1 B4R 2 IESR N
DSO.5 4 B R4 K 0.5 4, R, e W40
NE R 5001 - 2 5 MR M IEHR N
DS2.0 %%, KM ;091 - 1 SHRIE I FE7E B
FKEEA R 1.5 B D BBRRAMMPHIFR 1.0
RIFW, BN o (2)STOA8TS JP k¥ 1 iy 3
PRI 22 i F g ¥ DS2. 0 A B A iR
MR O0.5 K, BREE—, BRI WEHTE

R 6 X60M Ll KM ITR

A% B % C% D%
e e DS
HE MR ME 4F MR MF  HE 4%

5104874 381 0 0 0 0 0 0 0 0 1.0
5104874 092 -1 0 0 0 0.5 0 0 0 0 0.5
5104874 092 -2 0 0 0 0 0 0 0 0 1.0
5104874 091 -1 0 0 0 1.5 0 0 1.0 0 0
5104874 091 -2 0 0 0 0 0 0 0 0 2.0
5104875 364 0 0 0 0.5 0 0 0 0 2.0
5104875 365 0 0 0 0.5 0 0 0 0 2.0
5104875 380 0 0 0 0.5 0 0 0 0 2.0
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i I, % X60M FHLRE RN 5T & - 17 -

3 X60M IS E LW F IR
T API SPEC 5L 2018( %4 4% ) t X60M
HE LN F ARZR, X 5104874 5 5104875 B

S YNGR T R BRI 1 2 PR RRAR 56, oAb v i
AL V B g CHARE, shERi B - 20 C L, 45
mnzR7 frm.

RT X60M LIS ELLINAFERENR

e RS AR /mm Ry/MPa  R./MPa  Agp/%  Ru/R,  wiBE/C  KV/J
S104874  250515X092 14.3 518 563 38.0 0.92 -20 286
5104874 250515X381 14.3 536 599 19.0 0.89 -20 296
5104875 250515X380 14.3 502 596 3.5 0.84 -20 301
SL04875  250515X365 14.3 520 559 38.0 0.93 -20 297

X60M RHTAE LN ) PR 4 R 2 S 30w

N, 5104874 f7 Yk G BR e AR 58 BE 31 527 MPa,
5104875 4P R AN M ARG B 35 {E 511 MPa, B4k
R 5 B ¥ 5 R AR v P ISR B =414 MPa
ROBESR , X BB R AR A B B A8 T 2 L SN
o IR AR T % 2004y ; 5104874 k4R
WP B 4{E 581 MPa, 5104875 ik aNAR BT Hhe
SREHIME 578 MPa, 58 & 47 SR EE R 1H) 517 ~
655 MPa Z &) ; B EL 0. 84 ~0.93 5 & =i EE
LR I LR AR AIE , B2 AR 0. 90, BE AR L4544
AREER T, SOk M BT XU 5 - 20 °C phs 2
41286 ~301 J,im#BARAEE R >40 J, whThis
W2 6.4 1, a5 PERE—Botk . JaE MR &
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Influence of Different Cooling Processes on Microstructure
and Properties of EH40 Ship Plate Steel

Fan Wei
(Plate Rolling Plant, Flat Product Division of Nanjing Iron and Steel Co. ,Iid. )

Abstract As a key structural material for marine engineering equipment, the mechanical performance of EH40
steel directly determines the safety and long — term reliability of ships in service. Through hot rolling experiments , this
study systematically investigates the effects of controlled cooling process parameters after rolling on the microstructural
evolution and comprehensive mechanical properties of EH40 steel. The results indicate that different cooling processes
yield distinct metallographic structures, corresponding to varying mechanical properties: finer grains result in higher
strength but lower elongation ;ferrite — bainite dual — phase structures exhibit superior strength — ductility combinations
compared to single — phase bainite. These experimental findings provide theoretical guidance and empirical support for
process optimization and performance enhancement in the industrial production of EH40 grade shipbuilding steel.

Keywords EH40,Cooling process , Microstructure and properties
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Causes Analysis and Corrective Measures of Steel
Plate Sickle Bending Nonconformity during
Shearing with Disc Shear

Wu Fushan, Wei Jiacheng and Liu Quan
( Liuzhou Iron and Steel Co. ,Ltd. )

Abstract In response to the quality issue of excessive sickle bending during the shearing of medium - thick steel
plates with a disc shear,combined with the on - site observations,an analysis is conducted from aspects such as shear-
ing process parameters,equipment structure and working principles of the disc shear. Through on - site experiments,
each possible factor contributing to the excessive sickle bending is verified one by one. It is determined that the sickle

bending results from slippage on the fixed side of the disc shear,leading to asynchronous rotational speeds of the two

cutting blades and causing the steel plate to deviate during the shearing process.

Keywords Disc shear,Sickle bending, Synchronizing shaft
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Research on Digital Transformation and Intelligent Control
Technology Application of Slab Reheating Furnaces

Ou Jinxiong' and Sun Qian’
(1 Nanjing Iron and Steel Co. ,Ltd. ;2 Shandong Iron and Steel Co. ,Lid. )

Abstract The slab reheating furnace is the main thermal equipment of steel rolling production line,the control
accuracy and operating efficiency have direct influence on the product quality,energy consumption and production cost
of either the reheating process or the entire production line, but the traditional slab reheating furnace encounters the
problems such as poor reheating uniformity ,high energy consumption and frequent manual intervention. In order to re-
solve the problems,the digital transformation of the furnace is implemented and the the intelligent control system of per-
ception,computation and execution is established, in which the technologies of the reheating process dynamic matc-
hing , walking beam intelligent linkage are applied. After the digital transformation ,the reheating temperature fluctuation
is reduced to +15 °C ,the fuel consumption per ton is decreased by 12. 5% ,the manual intervention frequency is re-
duced by a value ranging from 80% to 90% ,and the reheating quality , efficiency and energy utilization rate are signifi-
cantly improved, which can provide the references to the enterprises of the reheating production and reheating furace
digital transformation in the rolling mill.

Keywords Steel rolling, Slab reheating furnace, Digital transformation, Intelligent control, Energy consumption

optimization , Production efficiency
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Causes Analysis and Improvement Measures for
the Descent of the Dummy Bar

Hu Shengkai,Zhu Zhisheng, Sun Bingbing ,Zhang Wei and Niu Zhuang
( Steelmaking Plant, Ningbo Iron and Steel Co. ,Lid. )

Abstract This article analyzes and discusses the drop in mold level caused by the descent of the dummy bar dur-
ing the continuous casting process. The results show that the descent of the dummy bar is jointly caused by factors such
as high withdrawal resistance during the initial casting stage and gaps between equipment components. By optimizing the
dummy bar feeding mode, standardizing the plugging operation, applying lubricating oil, controlling the breakout time,
and enhancing equipment inspection and maintenance , the problem of mold level drop caused by dummy bar descent
has been effectively improved. This has enhanced the stability of the mold level, ensuring consistent product quality and
increased production efficiency.

Keywords Slab continuous caster, Dummy bar, Withdrawal resistance , Gap
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Causes Analysis and Improvement Measures of 1 100 MPa
Ultra — High — Strength Steel Plate Magnetic Particle
Inspection Failures on Cut Surfaces

Sun Jingbo,Hou Donghua and Liu Kun
( Shandong Tron and Steel Group Rizhao Co. ,Lid. )

Abstract This study investigates two types of defects observed during magnetic particle inspection (MPT) of cut
surfaces in 1 100 MPa ultra - high - strength steel plates. The results show that discontinuous parallel linear indications
correspond to heat — affected zone (HAZ) microcracks,while single discontinuous linear indications are associated with
banded microstructure in the steel plate. HAZ microcracks can be effectively prevented by optimizing cutting process
parameters and preheating the steel plates. The banded microstructure can be improved by enhancing the macrostructure
quality of the slab and reducing segregation. These measures significantly increase the MPI pass rate for 1 100 MPa ul-
tra — high — strength steel plates and provide effective technical support for quality control in ultra — high - strength steel
production.

Keywords Ulira - high - strength steel plate, Magnetic particle inspection, Heat — affected zone, Banded micro-

structure
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AR AT $3F Z [ EEA A% Q460MDZ35 SRAR A T M TR SR A S AH ZH 400 Sl A T 7% WSRO IR |
ST, GERRYT A C Mo TR AT LT I U R, RSB Z [Pk RE A SR i BRI .
SRH Q460MDZ35 R il 3 TR AR K A PUEE AR IR TE 15 ~ 25 °C AR BEE AR a5 AR ALTEHE , P O
PV IR B, 2 PR R AR PR 2 B R T

XER PURRERIERE ZatkRE PaOvRiT PRAZ DK

Causes Analysis and Optimization Practice of Non —
Conforming Lamellar Tearing Resistance
in Q460MDZ35 Steel Plate

Zhou Jie
( The Steelmaking Plant of HBIS Group Hansteel Nengjia Company )

Abstract The qualification rate of lamellar tearing resistance ( Z - direction performance) in low — alloy structur-
al steel plate Q460MDZ35 is relatively low,severely restricting product quality improvement and timely contract fulfill-
ment. To identify the root cause,macroscopic and microscopic analyses are conducted on the fracture morphology and
metallographic structure of Q460MDZ35 steel samples with non — conforming Z — direction performance. The results
show that segregation of C and Mn elements in the steel leads to the formation of martensite and bainite, which is the
primary reason for the poor Z — direction performance. By implementing optimization measures including adjustment of
steelmaking composition, control of molten steel superheat within 15 ~25 °C , and light reduction at the final stage of so-
lidification ,the central segregation and banded structure are significantly reduced , and the stability of Z — direction per-
formance is markedly enhanced.

Keywords Lamellar tearing resistance,Z — direction performance, Central segregation, Banded structure , Mar-
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Investigation into the Formation Mechanism and
Mitigation Measures of Residual Stress in
Medium and Heavy Plate

Wang Qingmin, Liu Xin,Liu Wei and Liu Yingxin
( Shougang Jingtang United Iron and Steel Co. ,Ltd. )

Abstract Aiming at the warping phenomenon occurring at the head of medium and heavy plates during flame
cutting, this study simulates the process of residual stress generation using modeling techniques. The causes of residual
stress are then inferred from three aspects; phase transformation , temperature variation and plastic deformation. Further-
more ,an analysis of the residual stress present during the flame cutting of steel plates is conducted. To reduce the resid-
ual stress in the plates, a variety of methods are employed, including tempering, slow cooling with stacking, straighte-
ning, leveling , shot blasting and vibration treatment. These measures are effective in improving both the flatness of the
steel plate and the dimensional accuracy of cut pieces.

Keywords Residual stress,Flame cutting,Phase transition, Adjustment methods
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Causes Analysis and Improvement Measures for the
Ungqualified Thickness — Direction Properties
of Q460GJCZ35 Steel Plate

Guo Xiao'? ,Wang Zhicong'”* and Guo Jianghua'”
(1 Hebei Puyang Iron and Steel Co. ,Lid. ;2 Engineering Research Center for High Toughness
Wind Tower Steel of Hebei Province , Hebei Puyang Iron and Steel Co. ,Lid. )

Abstract
Q460GJCZ35 steel plate produced by the 3 500 mm medium and heavy plate production line of Hebei Puyang Iron and

Aiming at the problem of unqualified Z — direction tensile reduction of area of 50 mm thickness

Steel Co. ,Lid. ,macroscopic and microscopic observations and analyses of the fracture morphology of unqualified speci-
mens are carried out by means of optical microscope, scanning electron microscope, and spectrometer. It is found that
the main cause of the unqualified Z — direction tensile reduction of area is the abnormal aggregation of a large number of
MnS inclusions and MgO — Al, O, — CaO system composite inclusions near the white spots. Improvement measures such
as strict control of furnace charge, optimization of LF furnace and calcium treatment process, continuous casting protec-

ted casting and billet,and high - temperature slow cooling of steel plate are adopted , which greatly improved the Z — di-

rection inspection pass rate of Q460GJCZ35 steel plate.
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