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Abstract: In this paper 55SiCrV steel was obtained by V microalloying based on the composition of
55SiCr spring steel, the effect of heat treatment on the microstructure and mechanical properties of
55SiCrV was studied by means of orthogonal test of quenching and tempering, microstructure observa-
tion, mechanical properties test and X-ray diffraction. The experimental results show that there are a
large number of 10 ~ 35 nm vanadium containing precipitates in the microstructure of 55SiCrV (0.20%
V), and the corresponding strengthening effect is the best. Quenching and tempering processes can
change the microstructure proportion of 55SiCrV, in which retained austenite can reduce the strength
and increase the plasticity, the best matching of mechanical properties (R,=1 815 MPa, Z=28%) of 55Si-
CrV is obtained by following process combination o f quenching at 900 °C and tempering at 430 °C, and
the content of resulted retained austenite is 2.3%.

Key words: spring steel, 55SiCrV, microalloying, quenching, tempering, mechanical properties

0 Bl 15, BTG S ICR ISR IS ] DL SO A
FHO RO LU AR IR, BETS5 & — 8 i Vb 3
A AP — R - SCE MM ERER T FEOTILA R R R LU Ty 22 B, A RIS

s H #A: 2020-05-20
E S E:MIHREA mBHE -5 H (2000BPB-018-01).


https://doi.org/10.7513/j.issn.1004-7638.2021.03.028
https://doi.org/10.7513/j.issn.1004-7638.2021.03.028

- 188 - W gk Pl K

2021 45 42 &

S OLE NSRRI XA A 4 25 AR R i 22 AR
Ko BUEHRERH HMME ST EZ—, mEid
AL AL E SRR R R T B AL AR B R b A
SRS 5SSICrV R AEE SRR 55SiCr ZEmt N
BT AT T B — B4R, B UE B 1 B
T 55SiCr, SZ RIFRA TV AT 32 ", A
F 55SICrV T R AE A 4 A . ZoT
2, AR AT 2 A A 2, PRI 3 o phah 1
T ARMER ., EARERH: SR A SN
(AT A BB U A A, AR A R 22 7
FEAS )L B BEAR 17 JE O B3, ELCH (8 4/ N
e . EALYFRR B AL T B Lk o B R A
S5 R, TR 240 b 3R AL IO RICR s A, Hot
BT SN AT DA i S %) e A L, ARG
L A AR, PR T ks ol 4 R mi T R
LA €

SN U Y BTN T AR M R v -w k-
PR T Y K- T K- T - S R A T, v R
K] R e S A O 2 28 155 3 8 31 1)
SCHREERATE AR S A A b B 2 B 25 Bl AR
5 L BV AR R s, DRSS AR B T 5 A e
e KRR B & FE B A A Y, S A A A 1
T2 FHEAR LN

55SiCrV ELBEIESE T -/ e i B 7 4 HH =
FEFAAR)EE, R PR R R SRR R 81 2 —,

{EX T 55SiCrv BHARR . AT RE Z 18] B9 BF5E
HERERZ" B WAL 55SiCr i3
AT AR SRR PR S IRA BE, B 5E T 2598 5%
PF A& RIS, 38 P K+ 0] K RS X
SR PAE BT A TR, JF 455 I ZU0ER
J1VEREIAAN X GF AT A5 T B, i X s
IEARAEANRIFAAE T 2R RO ORI T~ R e AR
b, ISR 55SiCrv s ALHLER, B 44k e = i
THITERE

1 RBEMREF®

FE 55SiCr g FEat b, i i T 50 kg H
2SR PR EE T 7 9 55SICHV, BN R UK 56 A
DA n RS A R, 17~ 7980 e H
RO 235124 0. 0.05%. 0.10%., 0.15%., 0.20% .
0.25%. 0.30%, SEFRE =24 Ao W3 1, Hrp
P I S #HE K 7 51 9 <0.020% F1<0.015%. FF 7
Bt 55SiCrV ARSI T B Aialat, I s AN [R] 40 25
i 55SICrV AR TE S R 4 T (1 ARG R, A1
PUPLSRFE R, 2 54 BT B X AR T 2R M RE Y
A0

F T ELHLE 50 kg 30 A0 H Bk L
AR 16 mm, & 300 mm AR, 4R EE iR S AL
JERIL 55SiCr #LHNRE, BAR T2 S 800L5E 2,
W2 R RETEIN T 16 mm BHEERH

*®1 AHFETEUFERS

Table 1 Main chemical constituents of samples %

95 C Si Mn Cr A

1" 0.59 1.44 0.80 0.70 0

2" 0.56 1.42 0.75 0.69 0.06

3 0.56 1.38 0.76 0.70 0.11

4 0.56 1.44 0.78 0.71 0.16

5 0.56 1.40 0.73 0.69 0.19

6" 0.56 1.40 0.74 0.70 0.25

7" 0.56 1.41 0.76 0.71 0.29

2 S5SiCrv iRIERELEI T Z 2%
Table 2 Rolling process parametersof tested steel 55Si-

CrvV
TR BE/<C FELIERE/ C LELIRE/C
1150420 1 050420 95050

B SR I T i R T b 3 T2
B4, K5 SHFE (0.19% V) Il T Rbs Rz AR AL R4 7
AL B, Fir A TR FL BB AR 15 min, Jn#k
R332k 850, 900, 950, 1000 °C, Bt H KERI & T
HH P HE T, SR AR AE 430 °C T 450 C
AT R AR, 81K TE] 355054 30 min AT 60 min,
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Table 3 Heat treatment processes and their test number

Rk T2
s TR/ °C
L/ [l /min

1-1" 850 430 30
1-2" 850 450 30
2-1° 900 430 30
2-2" 900 450 30
3-17 950 430 30
3-2° 950 450 30
3-3° 950 430 60
3-47 950 450 60
4-1" 1 000 430 30
4-2" 1 000 450 30
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Fig. 1 Effect of vanadium content on 55SiCrV strength
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Fig.2 TEM analysis and energy spectrum of 55SiCrV precipitates
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Fig.3 Typical microstructure of samples with different heat treatment processes
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Table 4 Retained austenite content of tested steels

Bk T2
WEE/C WA /min

s SPIREE/C BRAR PR AR /%

1-1" 850 430 30 3.6
12 850 450 30 3.0
2-1" 900 430 30 23
2-2° 900 450 30 4.6
3-1° 950 430 30 4.8
32 950 450 30 5.4
3-3" 950 430 60 5.1
3-4° 950 450 60 5.0
4-1 1000 430 30 43
42" 1 000 450 30 2.9

x5 MR NFMRENRE
Table 5 Mechanical properties of tested steels

[k T2
WREE/SC WFE]/min

i IMPREL/C

R,/MPa  ZI%

1-1* 850 430 30 1867 13
1-2" 850 450 30 1728 17
2-1" 900 430 30 1815 28
22" 900 450 30 1739 17
3-1" 950 430 30 1805 17
3-2° 950 450 30 1695 30
3-3 950 430 60 1723 17
3-4* 950 450 60 1620 24
4-17 1000 430 30 1 694 28
42" 1000 450 30 1685 29
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FELREF 430 °C, VEAREE H 950 °C #2755 % 1000 °C
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AR PRAL TR T 25 %F 55SiCrV O 2H 200 F7 2 1 ik
Ak, TSI

1)55SiCrV M3 BEALES I 290 0.20%, AI 3k
PRI REI S A B 10 ~ 35 nm S HUT HIAR, I
AT AT RO LA & 0.20% )5,
MERHBER BN Ak S vy, AR SRR

2)55SiCrV BT EE Fifi 5 VAR IR B2 1) e i
TR, R0 KRS ] A St 2 — e R b AR Y
SR EE, H IG5 AR K+ (] A P 5 A
AR A 2L SR i 24 BE, 900 °C ¥
K+430 Cx30 min [P KA AT DASRAS A )2
PEREVLHL (R, =1 815 MPa. Z=28%) .

3)55SiCrV ZH 4P iy 5% 4 B8 QA AT S 3] B 1R
JEE FHE N ¥B M G VE L 900 °C ¥ K +430°C %30 min
[] ¢ B B A% B ER AR B R 2.3%; T 3R A5 e A 98 1k
(Z=30%) W) 1.2 4 950 °C VK +450 °C 1]k, X hi
MIFR AR S 7R 5.4%.
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