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Development of High Fatigue Strength Valve Spring Using Control of White Layer by Nitriding
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ABSTRACT

Elemental addition to a material to reduce its non-
dissolved carbide content while increasing its resistance
to temper softening has helped to increase internal
hardness after nitriding while maintaining its cold-
coiling-ability. Conventionally, high strength has been
achieved by applying nitriding as a surface treatment to
the valve springs, without consideration of the compound
layer. However, when the strength of wire coils, the
hardness of the nitrogen-diffused layer, and internal
hardness are maximally increased, the white layer
becomes the points of origin of breakages, and fatigue
strength does not increase. The white layer was therefore
judged detrimental to fatigue strength, and a nitriding
method was developed that attained nitriding without the
white layer and the achievement of increased hardness
in the nitrogen-diffused layer, which had previously been
incompatible.
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64 O

00SiD000000000000000000OOn
00000000000000000000000000
00000000000 000000000000000
0o0000oooo0o

Fig. 2()0 ()0 00000000000 00000O00
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000
0000000 Fig.20000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000MO0000000
00000000MO00000000000 0.73%C-
2.2%Si-1.0%Cr-0.1%v 00000000000

Si: 2.2% V:0.1%
HV . Cr%
'éarbides 0.82 0.98 | 1.21
= Hardness: Good ==
oss [| A | A | AL
” C ” C e C
0.80 B\ A A’,x
o AN c| “c
% C\ A '\
0.75 7
A \, A R
. N\
0.70 Q/' C'," C //
— Carbide solution; Good =
(a) Effect of C and Cr
Cr:0.98% V:0.1%
HV .- Si %
‘Carbides| 2.0 2.2 | 2.5
_Hardness: Good ===
oss || A | A | AL
S cl el e
B , ,
080 | \ o A - AC
ol N ‘

%

N

"B

C - g
0.70 \B_x

. ’ .

— Carbide solution: Gobd —
(b) Effect of C and Si

Preferable Acceptable Not acceptable
A B C
A B C

HV:
Carbides:

Fig. 2 Example of predicted performance of wires in
terms of carbide state and hardness after
heat treatments



gboboooooboobobobooobooobog

gbobooboboobooboooboooooooooboon
gbobdob mMmoOOOOOOODOODODOOOOOO
O MoUODOODOOOOOOODODODODODOODOOO
gboboooobooobobobobobobooboooo
gboboboooooooboboboboboboooooo
gboboboooooboobooboobdo Mmoo
goobobooooobooooboboboobooo

oo Mo ooooooobobooooooo
gboboboboooooooboo Mmoooooboo
gobobooooooobooobooooooobobooboooog
goboboooooooboboboboboboooooo
gbobooooboobooboobooo

goboboboboboobooboooooooooboo
gbobooooooobobobobobobobooo
0000000000 Tablel OOODOOODOOFRg.3 0
5000x DO0O0O0O0OooDmoooOOoOoooomoooDo
gomobboooooomoooooooooooooo
U mMoOwWOobOOoooooooooooboboobooboo
goobobobooooog

23.00000000

gbobobobobobooobooboooooboooboan
00000000000 Fg.40Fig. 5 00000000
gboboboooobooboobobdg SWOCNvOOoo
gobooooboooboobobooboboobobooo
000 Fg.600000000O0OO00O0ODOOOODOOO
goobooboooood

Table 1 Composition of developed steel

(mass%)
co| Si Mn Cr Mo \% wQ
Developed steell] 0.75 | 2.16 | 0.71 | 0.98 | 0.13 | 0.10 | 0.15

(Sp\’rvec\’,%’dgg 0.73 | 1.67 | 0.58 | 0.56 | 0.15 | 0.41 | -0

S 50

Q

=z °

=] -

& 40 Developed[]
o ° steel

S 30t o ©

e @.o

©

o 20

i)

c

IS

c 10 )
Q

X

o

m Il Il Il Il Il Il Il Il

o

420 440 460 480 500 520 540 560 580 600
Hardness after 3 hours at 500 °C (Hv)

Fig. 3 Results of material composition study
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