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FEATURE : Technological Cooperation in the Kobe Steel Group
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High Strength Oil-tempered Steel Wire for Valve Springs Manufactured by
Rapid Heating Mono-strand Process
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Tetsuo Jinbo Tadayoshi Fujiwara Sumie Suda Nobuhiko Ibaraki

Conventionally, oil-tempered steel wires for valve springs are manufactured in multi-strand type furnaces. This
article describes the characteristics of a rapid heating mono-strand oil-tempering furnace equipped with a high
frequency induction heater. Also discussed are the special features of high strength oil-tempered wires
produced by this new type of furnace. Shinko Wire Co., Ltd. successfully developed this kind of wire in response
to the need for downsizing and weight reduction for automobile engine valve springs. This kind of wire reduces
overall vehicle fuel consumption and thus fits in with the growing trend towards environmental preservation.

Customer’s requests Characteristics Method for manufacturing

Long fatigue life Few and fine inclusion <«— Super clean steel

Sag resistance

High tensile strength €— Fine metallurgical structure
and toughness \ by induction heating

Development of high tensile
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strength wires

No decarburization ~<— Proper manufacturing process for
no decarburization

High precision

Uniform properties <— Mono-strand type with induction
along full length furnace

High yield ratio
High operating rate

No injurious flaw <— Proper manufacturing process for
flawless
Magpnetic flaw detection to whole

length of wire

Controlled oxide layer of wire

Good lubrication <«
surface

gl 0o0b00ob0oooobooboboboboobon
Fig. 1 Important points about production of oil-tempered steel wire
for valve spring
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Fig. 2 Manufacturing process of oil-tempered steel wire for valve
spring
1000000000000 000
Jooooooooooooobboobobobooooboo
Jooooooooooooobobobobobobooooboon
doooooooooooo
Jjodoooooooooooobooobooooooo
goboooboobobuooboobobooboobooo
goboobooboboobooboboobouobooo
oobooobooboboobooboboobouobooo
gobooobooboboobooboboobouobooo
ooboooboobobooboobobooobouobooo
oobooobooobooboobobooboobooo
ooboooboobobooboobobooboobooo
oooooboooboboobooobooobooooo
oooodoboooboboobooobooobooooo
oo oooooobon
1BOO000000OOoOOnd
oooooboooboboobooioooobooooo
oo -0 -obbobobobobbooboo
joooooooooooobbobobobobboboo
Jooooooooooooobboobobobooooboo
djdooooooooooobbobobobobooooboo
Jjodoooooooooooobooobooooooo
doodoooooooooooboboooooooooo
goboobobooboooboo
goboobooboboobooboboobouobooo
gobooboobobuooboobobooboobooo
gobooobooboboobooboboobouobooo
ooboooboobobooboobobooobouobooo
goooobooobooobooobooboooo
ooboooboooboboobooboboobooooo
lJj0db0oobooboobooboobooboooobo
ooogo3ddboooobooboooobooooon
o0 10bo0oboooobooobooobouoooo
googogooooboobobboboboboobooo
gooogogoooobbobobbboboboobooo
gooooooooooboobobboboobooooo
googog
jdoooooooooobbobobobobbobooboo
Jooooooooooboooboboboobooooo
Jooooooooooboobobobooobooooo
Joooodooooooobooboooooooo
goboooboobobuooboobobooboobooo
goboobooboboobuooboi1ooboon

{Induction heaterH Furnace H Oil bath H Induction heaterH Furnace F
— g — g

Austenitizing Quenching Tempering

{Water cooling bath H Eddy current tester H Oiling ‘—

03 00000000000 oooooon
Fig. 3 Rapid heating mono-strand oil-tempering furnace
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Fig. 4 Relationship between chemical compositions of non-metallic
inclusion in billet and fatigue life®
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Fig. 5 Relationship between low annealing temperature and tensile

strength
160 T
5 VXT
=1 150 - O Nitriding B
X
- ~
O 8 140 VT * -
Z - O Nitriding VX
© J 130 4 [ Nitriding
s>
0
83 1201 .
%3 VT
2 & 110} . .
2 SWOSC-V
& 100t . :
90 1 1 1
1,800 1,900 2,000 2,100 2,200

Tensile strength of oil-tempered wireJ (MPa)

06 DO0O0UOOUOOUOOOOOOOOOO
Fig. 6 Relationship between fatigue strength and tensile strength of
oil-tempered wire for valve spring
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Table 1 Chemical compositions of oil-tempered steel wire for valve spring

O massO O
Product class Wire name Steel grade C Si Mn Cr \% Ni
Si-Cr steel SWOSC-VU SAE9254 0.51-0.59 1.20-1.60 0.50-0.80 0.50-0.80 O O
High carbon Si-Cr steel SWOSC-VH HRS7-V 0.63-0.68 1.30-1.60 0.60-0.80 0.60-0.80 O O
Si-Cr-V steel SWOSC-VT KHV7 0.60-0.65 1.30-1.60 0.50-0.70 0.50-0.70 0.08-0.18 O
High Si-Cr-V steel SWOSC-VX KHV10N 0.56-0.61 1.80-2.20 0.70-1.00 0.85-1.05 0.05-0.15 0.20-0.40
Developed Si-Cr-V steel SWOSC-VXT KHV12N 0.57-0.63 1.95-2.35 0.30-0.60 1.65-1.85 0.25-0.35 0.10-0.30
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b) Micro structure
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Photo 1 Micro structure and austenite grain size of oil-tempered
wire (SWOSC-VXT)
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