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Development of High Strength Spring Steel  
with Excellent Fatigue Property  
by Suppressing Decarburization†

1.

springs applied in railway rolling stock, industrial 
machinery, construction machinery, etc. The steel bars 
that make up coil springs are subjected to torsional 
stress and bending-unbending stress accompanying 
repeated compression and tension of  the springs. 
Because these forms of  stress both reach their maxi -
mum values at the spring surface, the surface condition 
of the steel material has a large influence on the fatigue 
strength characteristics of  springs. Figure 1 shows the 
appearance of  the fracture surface after a spring 
fatigue test. The origin of the fracture was on the inside 
diameter surface of the coil.

Many processes exist for forming coil springs under 
a hot condition, and imparting strength by direct 
quenching after the steel is formed into a coil shape. 
Those springs are used without removing the residual 
decarburization remaining at the surface after heat 
treatment, but this results in problems of reduced sur-
face hardness due to decarburization and, in addition, 
reduced fatigue strength in the spring caused by 
reduced surface hardness. In other words, in many coil 
springs, it is important to suppress decarburization 
after hot forming and quenching.

This report examines a technique for suppressing 
decarburization after quenching by adding Sb and Sn 

to spring steel, and describes the decarburization 
reduction effect and influence on the fatigue character-
istics of actual springs.

2.	 Suppression of Decarburization  
by Trace Element Addition

Table 1 shows the chemical composition of  the 
steels examined. The sample steels were prepared by 
adding Sb and Sn (SbSn added steel) or not adding 
those elements (SbSn free steel) to spring steel having 
the same chemical composition. Figure 2 shows the 
results of  observation of  the cross-sectional micro-
structures of the sample steels after hot rolling, heating 
at 900˚C for 15 min, and oil quenching at 60˚C, and the 
distribution of the C concentration obtained from the 
results of  Electron Probe Micro Analyzer (EPMA) 
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ensure that customers can realize high functions in 
spring steel products, and will actively develop, produce 
and sell high performance spring steels that will enjoy 
the patronage of our customers.
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