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SAE4340 is a kind of structure steel, because it’s good quench hardenability and good heat
resistance, it can exceed more than 35% of 4130 strength, it belongs to ultra high strength steel; Due to
hardening ability, it also can be retained mechanical properties uniform distribution in the thick pieces
of large size, these excellent properties make this material widely used in the defense and aerospace
industry, engine casing, warhead, drive shaft, piston rod, landing gear and bolt fasteners, etc. Even used
in the -130~480°C environment, but easy to weld cracking and brittleness problems in the welding
process. After doing heat treatment to let 4340 alloy steel achieve the mechanical properties of high
strength steel. Design different kind of material common machining process to investigate the properties
as-weld and after heat treatment, and analyze the properties after heat treatment using different welding
materials with different tensile strength or after repair welding. By the hardness test, tensile test, impact
test, SEM fracture surface analysis etc. to verify the effect of the multi-pass welding process and heat
treatment parameters.
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Fig. 2 SAE 4340 TTT curve.
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Fig. 3 Metallography of base metal.



Table. 1 Chemical composition of base metal and welding materials

© Si Mn Cu Ni Cr Mo
SAE 4340 0.39 0.22 0.67 0.23 1.7 0.64 0.18
ER80S-G 0.06 0.50 0.99 - - 1.22 0.54
ER120S-G 0.08 0.79 1.90 — - 0.32 0.50

Fig. 4 Optical micrographs of micro structure (a)Base metal. (b)Annealing(845’ C).

(c)Quenching(sso’ C). (d)Quenching and Tempering(540° C) metallography diagram.

22 FETLFZ TIG sRFHRH R

Fo TINEE IR AR KRG 6 HAFRYEHESRRE Ty - R 2 Frs © Ty 1SRRI
s/ B ] REE R A MR T > FRRUE TR E B > [IERIIM S - i ReF B B R B
VI E = GRS~ #ElE - T I BA O D0 T i RE S g pe I S sl a9 5 - oy TORRR |
ACE ST AFATER A SE S BOK (EFE DR BR - BRI TSR AR BT o T Fp IR B FES7 2 AT
WM E N ERK > BRI TR E BYEE - (FHET SRR TR - TR - TPV
BV R BRI R GBS - NILESF R TR G R IET Y - ATPUETERK > (H
SURVRPERIEDK (o Z M E > Ry RS R E - A [FIEDK AR A TEEI R > 23l A
it 540 °C ~ KO8 350 °C HETTA FEREE Z [EDKERRT o TR VISR R Je st T E B e 2 - 255
SRME[E ] ER120S-G $RA1#ET T84 - IMsF R SF IR HEAIEIFR 3mm 2 $FIE 8 E R DL ER80S-G
PEMHET T SRR PR

5Ll 10mm JEREY Rt i sl T S BUB RRE IR & - e T BT EDR S - FR
SR A B SR AT 607 fREGTHE BIR LIEIR 125A IETH — B2 G » ILERS RV
ERBEZEHNERES R RETH ERZIEER - ERAAER 100A - JLIEENT 250A Bl
AREPRAR 2 HZ > £F 8 I IUmSFREC#k 28 DI AR ST SRR 18 DU SR B A5 R
Fo B2 M0 Q0% 3 R RUEIEKANE 5 B - LB H CCBi i FRECIR E F2EHAE 300~320°C 2 fH]»
[EFEREERIFE 320°C » 1R B 350 CI& BT T BRI /2 B a0 - FERVRIEED 7 Ry EEF] 4340 =58
[ < S (B B AR B LR A M T Y SRR Fr IERR R (0 JR e TR B R >
PROBHYHURLGRE AR 1172 MPa ~ FER5REEA KR 1076 MPa BRLIE (iR 9% E MR IEE R (T -
RS EIE G DR RN B R L S BRI E T R T TIG $798E - BURBEE Ik
L1 860°C Fi 40 7 # 1% KA 22 845°C &M £ %00 » #£& LL 540°C HEFTEDK R/ NEF (&K
AEER > HAMEIMEE Ry bR 1176 MPa ~ [F(R5RE 1068 MPa ~ FE(HiR 9% » FREE S K
MEZFER > WM E RN 7L ASTM E8M B B23 7 A HET TG - 4NiE 6 ~ & 7 Fir -



Table. 2 Different process.

AT K+E K

I FAF+IR K+EF 8+ K+E K

I B+ KB K+HE2 48

v F A KB K +43 48+ 5 38 =) K (540 C)
Vv B A K+ B K+4FH+K R ] K (350" C)
VI B AT+ K+ K+ 445k H +74 4%

—

Table. 3 Parameter of weld.
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Fig. 6 Schematic of the impact test specimen.
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Fig. 7 Schematic of the tensile test specimen.
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Table.4 Mechanical properties of base metal and base metal after post-weld heat treatment.

Base Matel NA 761 425 22.0 195
Base Matel QT NA 1426 1331 10.1 22.7

BM + Heat Treatment
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Fig. 8 Macroscopic surface of TIG welding.
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Fig. 9 Micro structure of base metal after welding.
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Fig. 10 Micro structure of Process I (Base metal+ Welding+ Quenching+ Tempering).
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Fig. 11 Micro structure of ProcessIII (Base metal, Quenching, Tempering, Welding, Tempering(540C)).

Fig. 12 Micro structure of Process II (Base metal, Annealing, Quenching, Tempering, Welding,

Tempering(s40°C)).

Fig.13 Micro structure of ProcessIV(Base metal, Quenching, Tempering, Welding, Repair welding).

Fig.14 Micro structure of repair weld.

Fig.15 Micro structure of post-weld heat treatment after repair weld.
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Fig. 16 Micro-hardness analysis of different process.
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Fig. 17 Mechanical properties of different process.



Fig. 18 Macroscopic fracture surface of tensile test.
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Fig. 19 Impact value of different process.
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Fig. 20 Hardness analysis of weld with ER80S-G.



Table. 5 Mechanical properties of different welding material after heat treatment.

ER80 1128 1048 120 119
Weld +
HeatTreatment  ER120 1208 1126 9.1 65
ER120+ERS0 1188 1076 8.5 62
m ERS0 848 733 7.3 135
Heat Treat: t
catireaiment  Er120 1006 806 9.8 47
weld ER120+ER80 955 812 9.5 102
v ER80 793 766 6.5 113
Heat Treatment +
i ER120 979 824 9.1 83
Temper(540°C)  E£R120+ER80 955 813 9.5 118
v ER80 868 743 11.9 138
Heat Treatment +
Y, ER120 974 804 10.5 80
Temper(350°C)  £R120+ER80 882 727 13.7 112
Base Matel  NA 761 425 22.0 19.5
Base Matel QT NA 1426 1331 12.6 17.3
BM +

Heat Treatment
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Fig. 21 Impact fracture surface in different parameters of heat treatment.
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Fig. 22 Fracture surface in different positions.
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