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Relation between Slack-Quenched Heterogeneous Structure
| and Mechanical Properties of Spring Steel.

Michira UcHiyAMA, Kazunori KAMISHOHARA and Fujio SEKI

Synopsis: :

As part of a study for the mechanical properties of spr1ng steel, 1nvest1gat10n was made
on the effects of sorbitic microstructure, containing proeutectoid ferrite or hardness gradient,
on the mechanical properties of C and Mn-Cr steels. :

Specimens were prepared mainly from spring steels and also from structural steels or case— '
hardening steels for a supplementary pourpose. They were quenched & tempered high—
frequency induction-hardened & tempered or quenched after carburizing & tempered, and.
divided into following two groups: gk

A. Specimens, heat-treated to the spring hardness (Hv 4OO approx.) throughout the diameter 1
and containing 0~359% of proeutectoid ferrite.

B. Specimens, heat-treated to the spring hardness at the surface but to the lower hardness

~ (Hv 210~400) at the center. : .

Results obtained after mechanical tests were summerized as follows.

1. ‘The proeutectoid ferrite shows no clear effect upon the tensile strength. ’

2. The elongation, reduction of area, Charpy impact value, proportlonal limit in twisting,
proportional limit in bending, and repeated 1mpact value are lowered by the existence or
increase of proeutectoid ferrite. :

The degree of lowering is more remarkable in C steel than in Mn Cr steel .

3. The fatigue limit in rotary bending is also decreased by the proeutectoid ferrite, but
the behaviors in each kind of steel were not revealed distinctly. : :

4. When the yielding shear stress curve along the radius of specimen, which is determined
by the hardness gradient curve, is crossed over by the theoretical load stress line, the
maximum shear stress and also the reversed twisting fatigue limit are lowered.

5. To improve‘ the proportional limit in twisting or reversed twisting fatigue limit for
the steel bar having hardness gradient, the depth of hardened layer or core hardness must Jg‘
be increased. The relationship between those is given in a following formula: '

Tmax="Tp+d/d—2t,
Where Tmax : proportional limit of bar in twisting
Tp: proportional limit of core in twisting
d : diameter of bar
t.: depth of hardened layer.
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Table 1. Chemical composition of samples.

. Chemical compositviovn's (%)
Kind 1°f Kind of steels - : :

_ samples C Si Mn P S Cr
F40 C structural steels 0°40 0°35 0°76 .| 0018 0011 —
F 4 Mn-Cr 4 041 0°<33 40“79 0°024 - 0024 11
T4 C spring-steel. 0°89 0+30 0°57 - 0°014 0°009 —
Té6 Si-Mn ” 0°64 154 102 0029 0°008 —_
T9 Mn-Cr 4 - 0°50 0°28 081 0014 0-013 17
T35 C structural steel 0°37 - 027 070 0017 0010 —
T45 C spring steel -:0°45 0°26 067 0°017 0°009 —
T55 4 4 054 0°30 .0*70 0°014 0°008 .
T21 Cr case-hardening steel] 0°15 0°29 084 0°014 0°010 1°07

Tablé 2. Dimensions of specimen.
Effectiv_e dimensions ,
Kind of tests of specimen (mm) Kind of specimens
' ‘ . Cross Length
‘ » section
Tensile. test 106 35 F40-1, F4-2
103[5 E 80 F40-1, F4-2
T - - 3 j . -
wisting test ' _ T4-3, Té-4, T9-5, T35-6
‘25 ¢ 190 T4-7, Teé-8, T9-9, T35-10 .
, T35-11, T45-12, T55-13, T21-14
Bending test 4% 10 120 F40-1, F4-2
Rotary bending fatigue test : 104 35 F40-1, F4-2
Repeated impact test 12§ 147 F40-1, F4-2
Reversed twisting fatigue test . _ ‘25_4? : 190° ‘ T'35-6, T21-14
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-Table 3. Heat treatment of specimens.
Kind of ~ Normalizing Quenching Tempering o
specimens | (°C-mn-cooling) (°C-mn-cooling) (°C-mn-cooling) ’
F40-1-F 850 - 10 - Air 750 - 10 - water 260~400 - 40 - air
F40-1-S 7 850+ 10+ # 300~480 - 40 - # .
F4-2-F 4 750 - 10 - 4 | 400~500 - 40 - #
F4-2-S ” 85010 7 . 420~540 - 40 - 7
o Normalizing Quenching Tempering .
(°C-mn-cooling) "(°C-mn-cooling) (°C-mn-cooling)
T4-3 - 850 +10 « Air 780 - 10 - water 480 - 40 - air
To-4 ’ v : 750 - 10 -+ 0il 460 =40 - 7
850 - 10- deterio- —
- y c40 . 4 :
T9-5 7 rated oil 450 -40- 7
T 35-6 4 830+ 10 + water 375-40 -7
Normalizing High frequency ' Tempering
— (annealing) induction hardening . —
(°C-mn-cooling) (KC/S-s-cooling) (°C-mn-cooling)
T4-7 850 - 10 - furnace 500 - 35 - water 480 - 40 - air
Te-8 ’ 4 ) 4 460 - 40 - 7
T9-9 850 - 10 - air 4 450 - 40 - 7 -
T35-10 o ” 375+ 40 - #
. . Carburizing : . P, .
Normalizing o : ot Quenching Tempering -
— O e : (°C-h-carburizing oo : : o >
_(°C-mn-cooling) reagent) (°C-mn coolmg) (°C-mn-cooling)
T35-11 850 - 10 - air 925 - 8 - solid 850 - 10 - oil 550 - 40 - air-
T45-12 ‘ v ” Y ”
T55-13 4 4 7 4
T21-14 4 v 4 570 - 40 - air
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