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Abstract

In order to study the welding properties of 65Mn spring steel, the welding joints of 65Mn spring
steel were studied with the simulation of welding composition, welding process, welding defects
detection and notches sensitivity. The results show that the main phase compositions of the
welded joint of 65Mn spring steel were Martensite/Bainite duplex structure; the post weld cooling
time of 65Mn steel was 180s for each weld bead; the defects distribution in the weld zone of the
No.3 Blade welding joint were relatively concentrated. There are a lot of defects in the weld zone
of 65Mn steel. There were three main types of defects: round or oval white spots, macroscopic slag
inclusion and linear distribution micro-cracks. The average notch sensitivity ratios of 65Mn steel
and 65Mn steel welded joints are more than one, and they are not sensitive to the notch.
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1. 5l

65Mn XIS . REFE . PPERIAE VS ST 65 SN, B I AU AN [ K T, KA TE
LU R[], HOB KT A, (HA RIS, JREePE% . 65Mn AN BN F-HLbk. 22l
SEERY, DL A 52 R AR AR R, EARIA 7~20 mm [RIBIE SR R R L SRR, BER
FH L PE RSk REIURZH . YIJ). EER TR BB, Yol st B 24 [2]

BT 65Mn X2 mili, Sk SR B TELE, (FRAREVEANZE, (R mIX R 5
IR AE B A, FEECK A S IR, HBSkh ERRZ MY A, SRR RO AR SRk H A
M, G ARG, B DA B SR S B AE [ N AR A [3]

H A, 65Mn SR 1) T B8 590 T LA IUE . FB AR . L BHR . B SIS L O FE %% . 65MIn
SN I T A S8 B K J426. J427. A302. A307 SR 4AHHTIEE:, JRATE 3 300C LA L, T
X TE BELEIRGE 25 50 mm LA F. JREEE, XhiE BT 350°C~400°C [ [RI K AR EE, SR S5 RISV
H, SRR ARG BE S &, D BUERR 4], AR RS m 5] 2k A AR 1 77
16F 65MNn AN L2 AT T IR ARG, WFAR I MR EE RN 10 A B RT3 BIAME 58 E R IR B Sk, (HEE
SLARH WEfd . SR PGR S, (IR0 5 SRR FE T 200 LA 24 3t PR S Mk AR o Pl T4 A R 3K
TR IRIPR A, PR TR AT PR, I Beid B R P R AR LB . OB R G, WO IE s SN
BUB AN, ST — @& MR, IR T T H6]. ot B AR N SN R8T 6
T—AFHRT . HBOCHRIERIRSE R s, HERMERWE, FmE I h A2 ZRH. Hif, &4
EROCIEEREART Z M TRE WIS R B R 7]

65Mn A1 S Bk E R v . AEE PG X K, P ™ B ), O T IR TR A RN T (65Mn
WA I5R) 2 R B AR5 52 o, A SRt T PR 7 65MIn AR AR BaRE HEAT 1 82, IR 0 5 1 S (R P R MR AE,
DAE X 65Mn 4N IR T T 248 5.

2. SEER
2.1 SEERMPR
SEIGAEL Y 65Mn SRR, ALSE R A 1 R . IREEADRLE T 3707 SR 5%, AR IR 2 Py
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Table 1. Chemical composition of 65Mn spring steel
= 1. 65Mn ER UL F AL H

JLHR C Si Mn S p

Cr Ni Cu

EE wt% 0.62~0.70 0.17~0.37 0.90~1.20 <0.035 <0.035

<0.25 <0.30 <0.25

Table 2. Composition of J707 welding Material
= 2. 0707 1B RIS

TR C Si Mn S

EE wt.% 0.12 0.50 1.7 0.015

0.010 0.40
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Figure 1. Welding groove
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(2) SRIERIY PRI,

K Thermo-Calc HfF RG0S 65Mn B ARAR F2 A 75 <6 o PO AR 2L s LA B vt AT £EL R B I 1] 422 £t
AT 7RIS SR ANSY'S BfFxt 65Mn 8 B0 I il B2 37 AN - L P IR A R AT 1 AL

(3) RGPS

Xt 65Mn S BN IR AR SR AR AR HEAT 1 AR P ARG, AR R A SR A T XA Y B R MIX2, R

S 5L128-0.8 x 12-SD11, PURE AT o GfEa AR .
(4) B

AP e I e % P B 11 EUBR 2 NISR (noteh sensitivity ratio) sk 1E, NSR = Rbn/Rn, .+ Rbn.
RN 4353l vty ik R RO Bk 1V AE BTT G R TR 58 R , 23 0 A\ 65Min S SEEEM MR 440 Sk BEAA RIS 450

(B X IR -
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Figure 2. Temperature distribution nephogram of the first pass in 10 s, 29 s and 180 s during welding
[E 2. 1BIFdIEhE—IEEE 105, 295, 180s HIBEFNH=E

K 3 i e — IRIEAEAR SRS 200 33 A1180 s I IR i = 18], WILLEH, 55— ERIERRE
Yoy A B, LE I #E5 (K58 33 s (B t = 33 s) FAJE T E AL HERS A IR BE A T Fil o R TR BE LR,
FRERE, EERERUR, AR 70 A 2 B rh R XA X B

ANSYS ANSYS
ANDE PLOTNO. 1 *ie% PLOT 1 Ried PLOTNO. 1
NODAL SOLUTION NUD'}'Z-SSS(:LUTION gl_?gﬁ%fgLUTlON
St su SUB~1
TIME=5780 TIME=5810 TIME=5940
TEMP (AVG) Y (AVG) TEMP (AVG)
RSYS S 2 RSYS=0
PowerGraphics PowerGraphics owerGraphics
EFACET=1 EFACET=1 EFACET=1
AV] at RHeMat AVRES=Mat
= - SMN = 176.188
X153 SMX = }3213-?2 SMX = 1901.33
: 176.188
- 367341 -
B 55039 559.266 == 559553
= i e = o
B 943027 % X
=9 113a8s 1134.44 B9 11346
1326.66 1326.17 1326.28
e 151848 1517.89 o 151797
= 17103 1709.62 s 1709.65
= 00212 190134 - 190133

Figure 3. Temperature distribution nephogram of the last pass in 10 s, 33 s and 180 s during welding
& 3. B R E—IEEE 105, 33s. 180 s WiREHA N H=E

H1 T 65Mn HA A5 B2 ) B £ J2 IRV IELEE7E 150°C~250°C 22 [, Fif LAZEREAT N — T8 AR, b — e fir
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Figure 4. Thermal cycle curves of welding temperature of the simulated and measured fusion zone
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Figure 5. Phase array detection result of welding seam of No.1 Blade welded joint
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Figure 6. Phase array detection result of welding seam of No.2 Blade welded joint
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Figure 7. Phase array detection result of welding seam of No.3 Blade welded joint
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Table 3. Analysis of partial defect size in phased array inspection

3. BIEERE AR ERFER ST o

T JREEIRIE KA B JE 1 58 T K58 B
JIA 1 28 mm JEEE 6mm 3mm 1mm
JIR 2 18 mm JEEE 5mm 3mm 1mm
JIA 3 22 mm JEEE 4 mm 2mm 1mm

(2) BRRE IR SR 30 SRR 2

A P AR AR AT S, ABURAEIX AP AE KRG, 1] 8 Sonth 1Ot BB IR EEIX G
R MRS . ATLUE H, SRS BE, 8 =28 —Mohy RIETE s IE % 1 A G5 A (LK 8(a)),
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Figure 8. Morphology of defects in Weld Zone under optical microscope
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gi b, WIEXHAIR AT 65Mn AN B KT Tl AR, SRR BRI P AR R BRI,
FLoREE E B RGO X W BB ST IS o, ARV EZA M —RE
ARG, —RREIE

RRGAATIERRIE, FEIRMN RS B, I ROy EEREL RO 24 10~20 um 2
6], AL ERNREUKE DY 260 pme TR MHT, IANIXEEROEZRA RO, WRITIVK, B TES
EFEUSN, EEPRA SRR . SRR A % . 65Mn A B ERE A K, By P AR R RS T
Gb, ERE VLA, 65Mn SRV HIVERN, it /R EEELEE, BN 1 ARG R b P AE R AR N T, 4R
2SI ARG KA T ), K FEURGETR RN bk, B 1P AR A R, R (]
KR T 7870, SEURSEALIN L IREAALH 2K, SRR, W2 S BUR SRR S iR P RE & T %,
i AR ROy R R KRR o XL SRR R A TR L - IR RS B AR I 1A [ il E AN [ 3R 4T
TERE PR, BRI SRS TERE R AT, VO RAUIS Bt B B A A T I BREa X3S, S ) B R ) A
P, HEE B T80 H X k.

KB BRFERTEAS B KO LR 11 (BT IHE, thA I T RETESR JGESIG, ShiEHh S HRZN
Siv Ca. Ti SRR Y. JCEBRIE MR RS 207E 0.0~1.5 mm Z[A], b J-Iiad g g V2 & s RO
I, A AR R R 02— AR RO BEAT I, XE ABRAFERBE (R R R BT PASE s RO AR AR K T A

3.4. 65Mn R & LIRSS G O BUR M RO RT L A5

FERE B BRI B D BIURKE NSR (notch sensitivity ratio)skZ21E, & X NSR = Rbn/Rn, H:h
Rbn. Rn 7371 gy i FHAE AT TGk S A0 R TR R AL . 2 NSR [WEAE 1 FHTaktt 1 RIf, %
TR R CUANRRURR, PR s il 1 RE 10 hr 5 B K T B0 S5 TR A PR st % s 24 NSR [1{E B 2
ANT LI, FORAPRD R DR, DR R R A PTR R B R 2E N TORTE R TR R, H NSR {H
/N TR CURABURR . ¢ 4 45 T 65Min A0AT 65Mn AR 35 S Bk TSR E IR IR 45 5, FT LA HY 65Min
AN 65Mn PR 1 NSR B KT 1, S E AT Bk AN UK.

Table 4. Notch sensitivity of 65Mn steel
= 4. 65Mn $XAYER OB

RFEA B DU E NSR P
65Mn AIAFE 1.37. 1.36. 1.38 1.37
65Mn R Sk iR 1.34. 1.35. 1.35 1.35

4. #hig

(1) SHESZRR BT T BUERRL, e T A SRR MR AN AR DT AR E A ZH R

(2) BITHEARL, 2T 65Mn AR N — g, L —BaE IR AL 8 IR E M AE 150°C~250°C
28], AR B AR S A HI (R 180 s[RI GRS 26 TT LAE IR R I R 4 S A

EEIE e
(3) Xt =PI MR SR U AR G AT 1 R B P A0 T 3 IOAR B3 3k A A5 % P SR o 931
N

(4) 65Mn MR AR 48 X AFAE R BRI, ShPE B2 =28 RRUBEMEIZ I A GRA . EA R
SEGREE . LA AT AR EL -
(5) 65Mn XA 65Mn AN Sk K NSR (B KT 1, Bapsx ik I ) ANVEHURS
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