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ABSTRACT: To predict the effect of phase transformation plastic stress and microstructure transformation on the hardfacing
effect in the process of repairing the failed roll by submerged arc welding, this paper calculates the temperature dependent
physical parameters of hardfacing material by CALPHAD (calculation of phase diagram), and numericaly calculates the
transient temperature field, martensite phase composition and transformation induced plasticity (TRIP) stress evolution process
of roll submerged arc welding process based on COMSOL multi physical field coupling platform. The results show that the
temperature field distribution and martensitic transformation are sensitive to the heat transfer rate. Compared with the hardfacing
layer, the heat transfer of the weld near the substrate side is faster, resulting in faster martensitic transformation, and the
transformation plastic stress value shows a larger broadband distribution. During the cooling process, the stress value of HAZ
decreases slowly due to martensitic transformation. The maximum residual stress after cooling is 376 MPa, and the martensite
phase accounts for 94%. The metallographic structure of roll hardfacing slice is observed by Zeiss-Xigma HD field emission
scanning electron microscope, and the accuracy of the model is verified. It can be concluded that the numerical simulation
method can accurately predict the plastic stress change and microstructure evolution law in the process of submerged arc

welding, which provides an effective way and method to reduce and eliminate the residual stress, and offers a theoretical basis

for preventing the defects of roll hardfacing layer.

KEY WORDS: submerged arc welding; transformation plastic stress; double ellipsoid heat source; martensite phase
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Fz1 Q235 TLEARK
Tab.1 Element composition of Q235
wt%

Fe Mn Mo Ni Si C P S
97285 054 06 1 03 018 0045 0.05

* 2 YD263 MITTRERAMK
Tab.2 Element composition of YD263
wt%

Fe Cr Mn Mo Ni Si C \Y
920 3 15 15 2.5 0.5 0.25 0.25

=3 L458 MIoTERAM
Tab.3 Element composition of L 458
wt%

Fe Cr Mn Mo Ni Si C V
80.27 13.5 1.2 25 25 05 033 0.2
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Fig.2 Process and principle diagram of roll submerged arc welding
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Fig.3 Roll hardfacing weld bead morphology
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Fig.4 Finite element model of submerged arc welding
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Tab.4 Process parameter s of submerged arc welding

Parameter Value
Surfacing current/ A 350
Welding voltage/V 32
Welding angular velocity/(r-s™) 0.157

Convection coefficient of base material/(W-m==-K™) 300
Convection coefficient of surfacing layer/(W-m=2K™) 10

Kl 5 FLERZERIMEREZ A9 W) 1S BOb il B2 972 A 24

Fig.5 Variation curve of physical parameters of roller substrate and hardfacing layer with temperature
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Fig.6 Temperature field distribution of roll submerged arc welding
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Fig.7 Temperature acquisition track of roll submerged arc welding
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Fig.8 Temperature variation curve at different positions of submerged arc welding

322 HEBEMMNBIHEER

EHEE T R AEER- G ER, B SR
J2 I K AR A SRk AR T 1) HE 52 ML jjﬁfﬁﬁﬁﬁ;z
AEFRAY , FHAR N AR S A N ARSI, PR A
Wbt (TRIP) .

I SIS T AR, W AR HR T 7% o T/ N AR AT

g=1(u~A+Vu) (6)

JCFP e JENE; VU LB RS
PR BOR T, A

d :1(V-A+VV) 7

JCtP d JENARR Vv e AR

SN ST RN -

E=gyte +Etr+€th+5tp (8)

K e RENAS; eq PRI ; ep BAPEN AR
en SRR BNAE ;s e HIIZIKRILAE 5 o S AAAZ BV
REAE ., SPEAR I 4G Hooke fE A, HK /NS PR &
AKX, WK (9). Ffm % FE AT 5 A 2 5008 B R ALz

10 (10)
o=E:¢, (9
p=2¢# (10)

K. o BN 5 E DB sitEskE; p B

BB o RAMMIAE BA I E TR
B BEAR R RS A PR R, A A

—=z[¢‘ ‘o ‘f'j—TT] (11)

AP TORIREE; t JEASIED; T IR ] Y

E‘Fﬁo
XTI [ R L, AR S AR RN
dg:—id—p (12)
3p
FHAR %ﬂ*}“ﬂ@ﬂK%l@E’JW/ AN
tr :__z_(pl (13)
z¢®ﬂ_ﬂ (14)

K am%ﬁﬂ%Wﬁﬁm%m%&
B LA 5K

FAAS I S 9Pk 1 A8 R L (15), R FYL o
HeE T AHAR i A R A SR AR AL %@wcm&%%m
b2 A TR AR L

d,, :EZK'F@‘ O_iy (15)

ﬁ%%mﬂ%ﬁ%ﬁhLﬁ¢%ﬁwﬁﬁrﬁ
77 & 9a—F 4351k 0~1200 s PN Mk 4G AF 28 SR 137 5 4%
il SGERFI, 5 bt R o B AT A B
Wi X 77 o B REIERUEAT, W AR B0 a1
A kit VA i 1 L S N B P O VAPA R E SN
FLT AR e, KT T 1) [0 7 P R ri M) 2 R
B EE 8, TEXE M RTIm e AR Y . t=10s )5, 4R
PEIFIRE N, 2R EE R R, — 5 m R iR phR & & A4
AT, BN AR IR AR AT R, T AILASE ) 5 AR
AR Sy — 7, YR IR E) ) AR AR AR IR
i, K & A R R A 1) I RO A8, R R BK



50 F3W

WP 25 AR 5 20 1 (Y S I R 2 R A (B Ty TR AT 5T - 267 -

(&1 9 MBI AR AR 58 M 10 7 37 1 AR B A
Fig.9 Evolution law of transformation plastic stress field of submerged arc welding
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Fig.10 Transformation plastic stress curves along different acquisition lines

3.2.3 EIHEEEAET

PR B [ A 2426 2 AR sl Bk AR i AH 28 ELA ik
¥ H1 Leblond-Devaux AHAS A #4745 WL (16)
BRI GoR B WIS SRR G, BRI 4
ARRE, ABHH T ARG R,

P(t) =, + (p— o)1) (16)

K o BB E I oo MRS & . REL
n Fl ¢ 5 AR AR A G,

I [ AR 2% ] K oistinen-Marburger 5 514 4R 181
RN R, TR GRS S AR fE b, #4k

F14) 50 B R B EAAR A 8 AIS T 2 FC AR A 4
TE Ms U ve o I FRAATE 1 i) o 26 5 YL B v H i %
TR AR B A A3 B IE FE o O T 3 AR N
P"(T) =0, @1-€T™) T<T, (17)
K ou BERARMEE ;5 Ty 25 R
EEATR R ; T2 YRR,
324 SREHETHELER
HEF CALPHAD Lit545 HBEA FIHEAR 2 19 5
RIS AS (PR AR 280, S A COMSOL 875 H
PR AL R AR B A AR R, Rl 11 i, H



- 268 - *F m B R

20214E 3 A

W, L@ IGR . Oy RIGR, THRERY], BE
HEAR PR RO RS B, 75 T PAPRAY DXL SE ik B LI
PRIEAS IR, BRI AR 1] B IGIR B Re s Bt PRR
UBSTT, IR T AR DR T e, B I SLZ i 72

A o SLAR SRV 2R A R B i 5 4
P ZEPE o S T S AN Al 25 TR, Vo A ER B
B TOARSE ™ Bl R R AR 2 B R, A R T 0088 55 I
PRARZAS Vo 1 22 I N, AR A9 1 O 35 i 94%.

P11 ST AR AR A2 A LA

Fig.11 Evolution law of phase transformation in submerged arc welding
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