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Analysis on high temperature mechanical properties of
alloy spring steel billet
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Abstract: The high temperature mechanical properties of SUP9, 50CrVA , 60Si2Mn, which are typical spring steels, are
investigated with the Gleeble-1500 thermal analogue machine. Hot ductility and strength curves of these steels are measured in
the temperature range of 600 ‘C to 1 350 ‘C. Fracture mechanisms of the steels are analyzed based on the observation of the
fracture surface with the help of scanning electron microscope (SEM). The effects of the inclusions and composition on high
temperature mechanical property are discussed. The results show that there are two low ductility zones, brittle zone [(T,,-
1315 °C,T,-1 281 °C,T,-1 316 “C) and brittle zone [[[(600-930 “C,650-956 °C,600-980 “C). Origin of the former is that liquid
membrane formed in interdendritic regions caused by concentration of S,P and O elements. Origin of the latter is that the
appearance of ferrite thin film between austenitic grain boundaries and the precipitation of AIN,
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K1 ZBRRNMHOULERS %

W C Mn Si P S Cr \% N Als
SUP9 0.56 0.81 0.28 0.016 0. 005 0. 80 — 0.005 0. 009
50CrVA 0.48 0.71 0.23 0.015 0. 005 1.00 0.13 0.005 0.011
60Si2Mn 0.57 0.82 1.62 0.017 0. 005 0.18 — 0. 007 0.012
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5 W T U 4F R AL R 0.4% . BT PSR BN
17.68 N/mm?®, T iZ i B T 1F 5 W7 24 19 124 W7
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IV PR R BRI R .

*3 ST AL REMBR S (RESE) X

s O F Al Si Ca Ti Cr Mn Fe

1 24.771.77 — 17.260.11 — 1.1417.39 37.23
2 26.87 — 0.3218.880.23 — 1.8616.21 34.76
3 32.64 — 1.3817.932.56 2.12 0.5033.02 9.31
4 34.96 — 0.4122.350.41 2.34 — 30.78 8.75
5 32.40 — 0.4119.580.93 2.05 — 32.1312.49

4 ETRVIESH

PLR.A. =60 %4E %l 43 98 1 K 4f X 38 9
PR 25 KSR BB R, AL =60% B K I Fx K
BRI MEIX LR, A <60 % 19 X 18 FR o 90 M 45 2%
(9 IX 4. SUPY.50CrVA,60Si2Mn 78 45 45 T~
600 CiX —XIAELE 2 NI PERR 22 X85 1 e
X (T, ~1 315 C, T, ~1 281 C, T, ~
1316 “CHOFIES I M P X (600 ~930 C, 650 ~
956 C,600~980 “C), L Fl 4714 f 5% 71 E 3% 1%
XA T MGk X L R A 98 P KRS TG o X A9 45 o
R BT 2L AT A BT T
4.1 FI1HREER

I8 AR A T 5 T DX R T 11 R A7 O
BRI T 11 3R THT A 76 VROAH 558 11 1 38 52 L AE X — T &
DX JH] . AL A F 22 O R PLS O i E 5. 23
A i (BT FCVRHEE {1 it SR IR0 ) 45 5 o B R A1 L 5 5 1
Al P AR T B 24 80, A SRR P A AL R R, S BCR W
S EOARE W 2. T 3 AN S 25 R
L BEHL SUPY WA 7E 1 350 °C 1y 3 K 1B 11 E 47

38T B9 J& SUPY AR 1 350 “C iy I 1 T 40 I 3¢
BT g i .

SUPY iR FEFE 1 325 “C By m i 45 28 #55. 4%,
1350 ‘CHFZE4 K 0, h BB 43 BT &8 SR vl 0, Hodr iy
SOFTRERMERER FRXEPSTRENTFYE
WL ULHITE 1350 CRYREE &M T X R E MR
AR RIS B T 2 A ) [ A 20 B 1
S1R] 7= A R 5 BOEK 11 5 AN R B AL, BR AR
I ST 2R 1k 1~4 MPa-'™ 4 B0 5% 22 I i ] 11
ARz g B o AR 5 U Ak D A BEBCUR L T R R B R
E2 G e S DN iy ST E A S
K P.S.O %4 FHIUHR IR UESS & 45 N 2ot
LI 5) X F IMARAR b0/ 55 £ 24 8, 42 15 5 2 5
WA EEE XL,

2135
SE MAG: 172 x

14 | Fe
12

10

I Mn
2 ¢ Al
ua si S a MIIL
2 4 6
(b)

9 SUPYRBEMETORHRR
REHH WL (1 350 'C, X172)

(=)

8 10
keV

FAEE 9 A KR RETEARLIN AR

x4 9 A SHRERMNER RESH. )

Fe O C Mn Si S Ca Al
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