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Effects of Heat Input on Microstructure and Property of

MAG Welded Joints of 10CrNi3MoV Steel
CAO Wenan, YE Fan, SUN Lei, LIU Jian, NIU Jicheng

(Luoyang Ship Material Research Institute, Luoyang 471023, China)

Abstract: 10CrNi3MoV steel is welded by metal active gas welding (MAG) with different heat input. The effect of heat input
on microstructure and mechanical property of the welded joints are investigated by means of microstructure analysis, fracture ob-
servation and mechanical tests. Results show that the microstructure of the welded metal is mainly acicular ferrite, with a certain
amount of proeutectoid ferrite and granular bainite, when the heat input (E=11.0 kJ « em™, and E=14.4 kJ + em™") is low.
When the heat input (E=18.1kJ - em™) is high, the amount of acicular ferrite decreases, and the amount of proeutectoid fer-
rite and granular bainite significantly increase, and the microstructure coarsens. With the increase of heat input, the grain size
of the coarse grained heat affected zone (CGHAZ) increases, and the microstructure transforms from lath martensite to lath
bainite. The lath boundaries become blurred and the granular bainte emerges. The strength of the welded metal decreases, and
the impact toughness increases slightly at first and then decreases significantly. The fracture mode changes from microporous
polycondensation ductile fracture to quasi cleavage/ductile mixed fracture. When the heat input is 14.4 kJ - em™, the micro-
structure is mainly fine acicular ferrite and the welded joint has the best combination of strength and toughness.
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Table 1  Composition of the experimental materials (w) %
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Table 2 Welding process parameters
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Fig. 1  Microstructure of weld with different heat inputs
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Fig. 2 Morphology of different weld microstrures by TEM
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Table 3  Tensile properties of weld with different heat inputs
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B N% %
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11.0 650 727 22.5 73
14.4 641 721 23.0 73
18.1 616 695 23.5 74
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Fig. 4 Microstructure of HAZ with different heat input
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Table 4 Impact absorption energy of weld with different heat input

P A i R RE R KV, /)
E/(KJ = em™) A Pyt
11.0 109,124 139 124
14.4 124 130,145 133
18.1 81.95.104 93

BEIUAS [R] $kir AR K 4 4 T o B 101 900 47
ML, K5(a) NE=14.4Kk] - cm "I} KV, =145 ]
b DRI 1A S X B, R LA AN/ 2 HEHE S
B0 B3 AR 1, 0 85 IS A A K EOIR e
TR 7 s 28 Ao T 4, 7R BRI, B
LTIz, 4 Jm SR F W AR IR AW R R
IR B, SR i 7 A W L, 7 WLk
PR AL R A B VE KT A . e de M Re I 43 B 45
R, B Mo (Ti Si Al B E 4 A4k
Y1,5 TEM FWEE RN 2 —5, B S(b) R
E=18.1 kJ - em™ I KV, =81 J wis W7 11 (09 3 o5
XIS, LA fige 242 220 1, 407 24 4 K o) A 1 1 A
PER A B, R S+ B E R G WL, i T2
FEMER IR Z0 Y R R I FERR I R



5538 E5 6 )

W2 S B AT 10CrNi3MoV S MAG 433k 20 4RI RE Y B2 iR <91

e R R

(a) E=144KkJ-cm™ [ KV,=145]

(b) E=18.1kJ-cm™ , KV,=811]

5 HEETORR
Fig. 5 Morphology of impact fracture

3 i

(1) TE 11.0 kJ « em™ . 14.4 kJ « em™',
18.1 kJ « em™ =R G AT, SREEH B LUK
BREA St gk R AR DR DL IRy 32, #dm
AEENBF (E=11.0 k] + em™ (E=14.4 k] -
em™) KR AN EZON IR R AR IS A4
RLAR LA Jedt i B R AR S, i A BRI (B
=18.1 kJ « em™) ERIRERFAR &7 FUBEAR R4
KBS HEFIRAE KA /N B A AR AR R
ARV IAR et R ik 2 A R,

(2) B A A R L DX T A5 B[] 34
i, R, 4 2R PR B AR S IR IZ 2P B AR g i
25 DLIRAR MR 4% S BRABEH , A R0IR DL FGAA s 3

(3) Bl A K | I 4% 4 i o BE RRAIR, bt
T SE R TR T 0 R AT 5 A 4 ot I 11l AL
SR AR AT U 0 Ay A e B I TR W R
o PETAN 14.4 K - em™ B RREEL L) 20 %5
HERIRER R A £, BA SRk Ve ; #i
AR 18.1 kJ - em™ B}, 45 5% 2 SR IR B R ARR
D M—A REMEAHARCIR U1 FCAARSE i, Se ATk
FARSE ER S AR A 4 v B R AR B
AL
SE A
[1] KANG J S, SEOL J B, PARK C G. Threedimen -

sional characterization of bainitic microstructures in

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

low—carbon high-strength low—alloy steel studied by
electron backscatter diffraction[ J]. Materials Charac-
terization, 2013, 79. 110-121.

ZAE, NECE, IR, AF. AR BWELDY -
960Q I HEH L HAWERERRZ R [ ] SR,
2015, 36(6) : 103-106.

W, EAA, JARE, AF Mn-Mo-Nb-B fik#k
MaaN T REZHANEAT]. &%k,
2008, 44(3) . 287-291.

falss, RakiK, 5K B Mo JG2E X FH = 5 4K Bl
PERR SRR IR A SURPERE RS2 [ ). BRI &
SR, 2017, 32(6) : 34-39.

TIWsE, 20k, RIFH]. A S m i R R
TRUL ZURF A FTE AL ER [T ], 89 8k 3 7% 2% 4,
2016, 28(6): 1-12.

SHIGESATO G, SUGIYAMA M. Development of in
situ observation technique using scanning ion micros-
copy and demonstration of Mn depletion effect on in-
tragranular ferrite transformation in low —alloy steel
[J]1. Journal of Electron Microscopy, 2002, 51(6):
359-367.

SHIM J H, BYUN J S, CHO Y W, et al. Mn absorp-
tion characteristics of Ti,0; inclusions in low carbon
steels[ J]. ScriptaMaterialia, 2001, 44(1); 49-54.
WAN X L, WANG H H, CHENG L, et al. The for-
mation mechanisms of interlocked microstructures in
low—carbon high—strength steel weld metals[ J|. Ma-
terials Characterization, 2012, 67 41-51.

WAN X L, WEI R, WU K M. Effect of acicular
ferrite formation on grain refinement in the coarse —
grained region of heat —affected zone[ J]. Materials
Characterization, 2010, 61(7): 726-731.

(F#% 110 0)



- 110 - Mos Jr & 5 M M

2023 H 12 A

SURIREAR, A2 R A 1T 0 22 4 ) 10 17 24 52

EZ I

SE k.

(1] BEMd. T HE—RAEE 1 EGHEVWEJFIME&
[J]. M*HF%ZSWFH, 2014, 29(6) ; 1

(2] FEM. ﬁ%mﬁ]%ﬁmﬁ%¥ﬁmﬂ£lﬂ%ﬁéﬂ%
PEWTRAY 1, NS K ‘(ﬁ%mu—ﬁﬁéﬂﬁ[ J1. MR
KGR, 2023, 38(1) ;1

(3] EEM. 4510 9L pT Rl leFr” TN 1,
YEmUiﬁﬁﬁ‘r&%WJl BT &5 R, 2018, 33
(4):

[4] FEM. ﬁxiﬁﬁ%iﬂ/ 1% 71 0 A PR 5 AR L3 % ik 284
BURSG 1,/ 0y, SR ] ORI R SR H,
2016, 31(1) ; 8-12.

[5] W, L%, il ¢ % BT L RN MR E
TR S BT RMLRIRFIE [ T]. MR & 5 0

(6]

(7]

(8]

(9]

[10]

H, 2018, 33(4);: 49-52.

AN LT Mises Jif AR VDU 1, WS40l U 1 AER-
KIERRE I (1], MERIT R SR, 2022, 37
(5): 1-10.

BEAN, EORE, M, . Tl T AEN R

1, WAL ) B A S A IR R [ ] H*Jrﬂ:k
SR, 2018, 33(3): 1-9

MEYERS M A, CHAWLA K K. Mechanical behavior
M]. 2nd ed. Cambridge; Cambridge U-
niversity Press, 2009.

CALLISTER W D. Materials science and engineering:
an introduction[ M ]. 7th ed. New York: John Wiley
& Sons, 2007.

PN A5 T[] 4 4 i 98 8 A o 60 A AR B o 37
IR AR T P 5 0 0 738 A A G R I AR DG 43
Brla]. MORDT R SR, 2022, 37(2) : 24-36.

of materials|

R e e = U e e e e e S N = e N A e XU

(E3#EF 91 W)

[10] Z[EIIR, PR, 24, 55 HEAX 1000 MPa
G LFENI I S LR RE RS2 [ ] HLBE T
R, 2014, 50(22) ; 42-49.

[11] CHENG L, WU K M. New insights into intragranular

ferrite in a low—carbon low—alloy steel[ J]. ActaMate-

rialia, 2009, 57(13); 3754-3762.

HORR, SRETEE, SREEWT, 4F. Q690C KR DRI

B MAG J& 423k M—A 20 70 /YT 728 B X A% T

[12]

[13]

b B B [ )], HLAR T 224z, 2014, 50
(20) . 84-92.

WANG Z F, SHI M H, TANG S, et al. Effect of heat
input and M—A constituent on microstructure evolution
and mechanical properties of heat affected zone in low
carbon steel [ J]. Journal of Wuhan University of
Technology — Mater Sci Ed, 2017, 32 (5):
1163-1170.

R e e e o e e = e U A N

(L#% 99 W)

[19] GLOWINSKI R, PIRONNEAU O. Finite element me—
thods for navier—stokes equations[ J]. Annual Review
of Fluid Mechanics, 1992, 24. 167-204.

[20] DENN M M. Extrusion instabilities and wall slip[ J].
Annual Review of Fluid Mechanics, 2001, 33. 265-287.

[21] Rippl A, Pittman J, Sienz J. Three—dimensional sim-
ulation of rubber profile extrusion with integration of

[ C]. Sixth

rheological  data Proceeding  of

[22]

[23]

ESAFORM, 2003.

Rippl A, Pittman J, Sienz J. Three—dimensional sim-
ulation of rubber extrusion using finite element anal—
ysis. [ C]. Proceedings of the Tenth ACME, 2002.
ROSENBAUM E E, HATZIKIRTAKOS S G. Wall slip
in the capillary flow of molten polymers subject to vis-
cous heating [ J ]. AIChE Journal, 1997, 43 (3):
598-608.





