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High Strength Suspension Spring Wire Rods
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Nao Yoshihara Nobuhiko Ibaraki

Kobe Steel’ s newly developed suspension spring steel, UHS1970, enhances suspension spring design stress
to 1,300 MPa (maximum shear stress). A study of hydrogen embrittlement resistance, related to P and S
content and corrosion properties based on a blend of carbon and nickel contents, has made it possible to
maintain existing corrosion fatigue life even at higher spring wire hardness and stress levels (at present, up
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to 1,300 MPa).
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Fig. 1 Mechanism of spring corrosion fatigue fracture
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Table 1 Chemical compositions of tested steels O massO O

Manufacturing process

Steel grade C Si Mn P S Cu Ni Cr \% Ti Al
SAE9260 059 | 206 | 094 | 0012 | 0.011 | tr. tr. 0.15 tr. tr. | 0019
UHS1900 042 | 169 | 0.8 | 0004 | 0007 | 020 | 033 | 1.06 | 015 | 005 | 0.027
UHS1970 043 | 192 | 015 | 0004 | 0004 | 021 | 059 | 1.04 | 017 | 007 | 0.031

A 042 | 188 | 015 | 0010 | 0.010 | 022 | 061 | 1.04 | 018 | 008 | 0.032

042 | 1.89 | 016 | 0015 | 0015 | 023 | 061 | 1.03 | 018 | 0.08 | 0.028

042 | 194 | 016 | 0019 | 0019 | 022 | 062 | 1.04 | 018 | 0.08 | 0.029 VIFT] 150kg(1. Hot forging

042 | 194 | 016 | 0026 | 0.024 | 022 | 061 | 1.04 | 018 | 008 | 0.028 O Square155mmQ]

043 | 1.90 | 015 | 0003 | 0.002 | 023 | 058 | 1.00 | 018 | 0.08 | 0.030 ~ Hot rolling] ¢ 13.5mm0

042 | 192 | 015 | 0025 | 0.002 | 023 | 058 | 1.02 | 018 | 0.08 | 0.029

042 | 189 | 015 | 0003 | 0023 | 023 | 059 | 1.01 | 018 | 0.08 | 0.030

Continuous casting - Billet
- Hot rolling? ¢ 13.5mm0

QMmO |O|w
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Sample : 65mmx 1.5mmx 10mm

Solution : 0.5 mol/¢ H,SO,0 0.01 mol/? KSCN
Stress : 1,400 MPa

Potential : 0 700 mV
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Fig. 2 Schematic image of 4-point bending test under cathodic
hydrogen charge
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Table 2 Process of preparing spring specimen

Billet » Hot rolling (13.5mm dia.) — Drawing (12.5mm dia.)

- Setting - Aging
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Table 3 Dimension of spring specimen

Wire diameter 12.5 mm
Average coil diameter 110 mm
Active number of coils 5.39

Free height 382 mm

Spring constant 33.4 N/mm
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Fig. 3 Results of 4-point bending test under cathodic hydrogen charge
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Fig. 4 Effect of P content and austenitic grain size on hydrogen
embrittlement
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Fig. 5 Austenitic grain size number with S content variations
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Photo 1 Precipitations observed in TEM
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Table4 Amount of Ti precipitates with electrolytic extraction

method
O massO O
. Ti as Tias Ti as
Steel grade| Ti content | S content TiC,S, TiN Tic
UHS1970 0.074 0.004 0.011 0.007 0.056
D 0.079 0.024 0.068 0.010 0.001
13 T T T T T
s o12b GS#0 0.0021x (Undissolved carbides amount)C 5.92
2 RO 0.925
E 11} 4
c
£ 101 1
2
g 9or ]
o
g 8r 1
§ 71 o |
2 &L 5° Austenitizing temp.d 8500 1,0500 |
SO 0.0040 0.024 massO
5 1 1 1 1 1
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Amount of undissolved carbidesO (ppm)
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Fig. 6 Regression between the amount of undissolved carbides and
austenitic grain size number
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Fig. 7 Weight loss after CCT
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Fig. 8 Corrosion pit depth after CCT
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Fig. 9 Aspect ratio of corrosion pit depth after CCT
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Fig.10 Effect of P content and austenitic grain size on spring fatigue
life
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Fig.11 Spring fatigue test results
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