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Abstract A new high-strength Si-Cr spring steel with a better sag resistance and good fatigue property for the en-
gine valve spring in the automotives was developed through the increase of carbon content and the addition of alloying
elements such as Mo, V, W to the conventional Si-Cr spring steel(SAE 9254). Microstructure was observed using
SEM, TEM and EDX. The sag resistance and the fatigue property of spring were investigated through creep and fa-
tigue test. A new steel showed tensile strength of 2100MPa which is 10% higher than that of the conventional steel
providing a fatigue property equivalent to the conventional steel. The sag resistance of the spring was markedly im-
proved. This improvement can be attributed to finer precipitates as a result of suppressing the cementite coarsening
during tempering due to the W, Mo additions.
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Table 1. Chemical compositions(Wt.%)

Steel C Si Mn Cr Mo A% W N(ppm)
SAE 9254 0.555 1.46 0.69 0.73 — — — 88
New Steel 0.610 1.43 0.51 0.51 0.096 0.180 0.096 77

Table 2. Dimension of the spring

) Mean No. of No. of Angle
Wire ] ] Free Compressed | Compressed
. coil total active K-Value of
Dia. . . . Length Length Stress .
Dia. coils coils Pitch
3.2mm 16.5mm 9.0 7.0 39.5mm 27.2mm 1176MPa | 34.5N/mm 6.5°
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Fig. 2. Nut and bolt assemblies for the creep test of
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Table 3. Mechanical properties of SAE 9254 and new steel.
Steel Tensile- Yield~ r YS/TS Hardness Reduction of
ee
strength, MPa strength, MPa % HRc area %
SAE 9254 1904 1704 89.5 51.9 56.3
New Steel 2095 1940 92.6 54.9 532
20m
Fig. 3. Optical micrographs showing the austenite grainsize of (a) SAE 9254 and (b) New Steel.
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Fig. 4. Scanning electron micrographs showing the microstructure of (a) SAE 9254 and (b) New Steel.
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Fig. 5. Variations of tensile strength and vield strength as
a function of tempering temperature in SAE 9254 steel
and new steel.
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Fig. 6. Optical micrographs showing the non-metal inclusion of (a) SAE 9254 and (b) New Steel.

Table 4. Free length and outer coil dia.(mm)

Free length

Outer coil dia

Steel —

SAE 9254

19.232 0.033

New Steel

19.275 0.030
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Fig. 7. Residual shear strain of SAE 9254 and new steel
during the creep test.
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Fig. 8. TEM micrographs of distribution of cementite particles (a) SAE 9254 (b) New Steel (¢) SADP of precipitates in
(b), (d) SADP analysis of (¢)
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Fig. 10. Residual shear strain of SAE 9254 and new steel
plotted as a function of temperature during the fatigue
test.
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