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[57] ABSTRACT 

A method for manufacturing spheroidal graphite cast 
iron characterized by plastically deforming spherulitic 
graphite cast iron at a draft of 30 to 80% and then 
heat-treating for obtaining high tensile strength. 

4 Claims, No Drawings 



3,893,873 
1 

METHOD FOR MANUFACTURING SPHEROIDAL 
GRAPHITE CAST IRON 

BACKGROUND OF THE INVENTION 

The present invention relates to a high tensile 
strength spheroidal graphite case iron possessing 
strength comparable to the special steel in spite of the 
fact that it belongs to the cast iron. 
Generally as high tensile materials are used special 

steels in most cases. These special steels, however, do 
not exhibit precipitation of graphite and cannot there 
fore retain oil or provide self-lubrication, so that the 
use of them is restricted for high speed and high load 
operation. It is also one of the disadvantages that con 
sideration must be given to the vibration absorption in 
case such steels are used as a machine element, be 
cause of their low damping capacity. 
Cast iron is generally superior to the steels in wear 

resistance or damping capacity. However, even spheru 
litic graphite cast iron considered excellent in strength 
and toughness among cast irons has a tensile strength 
as low as 70 to 90 kg/mm2. It is quite seldom to obtain 
a strength exceeding 100 kg/mm2 even in case choice 
of material is melted and, after graphitization treat 
ment, quenched and tempered. Accordingly, the in 
crease of wall-thickness is unavoidable when cast iron 
is used in place of steels, bringing about the increase of 
weight and size of a machine part and, more seriously, 
its fatal drawback lies inherently in the dif?culty to ob 
tain light section casting. 

SUMMARY OF THE INVENTION 

The present invention is intended for eliminating 
such disadvantages to provide a high tensile strength 
spheroidal graphite cast iron comparable to special 
steels, superior to the conventional rolled cast iron or 
heat-treated special cast iron, retaining such character 
istics inherent in cast iron as wear resistance and high 
damping capacity. 
The present invention is to provide a high tensile 

strength spheroidal graphite cast iron possessing a ten 
sile strength higher than 100 kg/mm2 by plastically de 
forming at a draft of 30 to 80% a spheroidal graphite 
cast iron having a normal structure of graphite spheri 
cal or spheroidal in form (hereinafter referred to sim 
ply as spheroidal graphite cast iron) and by subse 
quently applying such heat treatment as quenching and 
tempering. 

DETAILED DESCRIPTION OF THE INVENTION 

The reason for limiting the draft of plastic deforma 
tion of spheroidal graphite cast iron to 30 to 80% in the 
present invention is that the mutual dependent effect of 
plastic deformation and the subsequent heat treatment 
cannot develop fully in case of draft under 30% and 
that workability falls down in case of draft over 80%. 
With such restriction, as described in the examples 
later described, a cast iron possessing a tensile strength 
from l70‘to 190 kg/mm2 can be obtained by subjecting 
a material to quenching from above A1 transformation 
point and later to tempering, following the plastic de 
formation; and in case toughness is needed, a cast hav 
ing a tensile strength from 160 to 170 kg/mm2 and 
proper toughness can be obtained by isothermal heat 
treatment after the plastic deformation. 
Accordingly, a cast iron possessing an epochal tensile 

strength can be obtained unexpectedly of conventional 
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2 
cast iron according to the present invention. The ad 
vantages of this invention include not only reduction of 
member weight to make possible the design of compact 
machinery but usability for members requiring high 
levels of mechanical strength. 

It has long been admitted that a light section is very 
dif?cult to cast. Even if a light section material is ob 
tained by casting, it would take a large amount of cost 
for surface machining amounting to more than half of 
the total production cost. In case of the present inven 
tion, even if a plate material as thin as l to 3 m/m, for 
example, is desired, the cast iron according to the pres 
ent invention may be plastically deformed close to a de 
sired thickness and the machining allowance is thereby 
reduced to the atmost (for instance, 0.05 to 0.02 m/m'), 
thus markedly lessening the production cost as com 
pared with the conventional cast iron. Furthermore, ei 
ther one or both niobium and tantalum are contained 
in the cast material according to the present invention 
while molten, wear resistance increases and harden 
ability decreases and it is con?rmed that machinability 
is improved consequently. 

In case either one or both niobium and tantalum are 
contained in a quantity of 0.05 to 2.5%, very minute 
and hard globular carbides and nitrides (globule diame 
ter 1 to 5p. ) of those elements are distributed precipi 
tating all over the matrix independently of grain bound 
aries at a concentration over lOO/mm". Consequently, 
in case the material is used as a sliding member, the 
contact face pressure is uniformly distributed and de 
velops a useful bearing effect. When the material is 
cooled before the above carbides do not dissolve suffi 
ciently into austenite, the hardenability decreases and 
even a thin plate material cannot show supercooling ef 
fect and may be easily worked to its advantage. For in 
stance, a niobium containing spheroidal‘ graphite cast 
iron is rolled, then heated to 930°C and held for 30 
minutes, and subsequently cooled; however, it does not 
precipitate martensite in the matrix and is easily 
worked. In case niobium is not contained, however, the 
material less than 3.2 mm in wall thickness shows hard 
enability effect and exhibits high hardness when natu 
rally cooled, and needs annealing when machined. 

In the present invention, it is preferable to improve 
wear resistance that the number of precipitations of 
globular carbide and nitride of niobium and tantalum 
is larger than lOO/mm2. It is further preferable that ei 
ther of niobium and tantalum or both are added in a 
quantity of 0.05 to 2.5%. The reason for establishing 
the lower and upper limits is that niobium or tantalum 
addition less than 0.05% is not sufficient for producing 
the globular carbides and nitrides of niobium and tanta 
lum over 100mm2 in number; the upper limit is set to 
2.5% because niobium and tantalum are expensive ele 
ments and it is desired that their content is low as long 
as wear resistance can develop. The globular carbides 
and nitrides of niobium or tantalum exhibit roughly 
equal nature and distribute uniformly and minutely all 
over the matrix. Accordingly, the effect of globular car 
bide and nitride precipitates on the wear resistance is 
not appreciably different whether either or both nio 
bium and tantalum are added. 
The cast iron according to the present invention is 

explained hereafter in reference with practical exam- ‘ 
ples. ' ~ 
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EXAMPLE 1 

According to a known method, a spherical graphite 
cast iron having a main composition of 3.70% C, 2.64% 
Si, 0.29% Mn, 0.10% P and 0.012% S is formed into a 
plate of 20 m/m (T) X 100 m/m (W) X 600 m/m (L) 
and surface-machined to 15 m/m (T) X 60 m/m (W) x 
500 m/m (L). After preliminary heating for 1 hour at 
1,050°C, the specimen is immediately hot-rolled and 
the thickness is reduced to 10.5 m/m (draft 30%), to 
7.5 m/m (draft 50%), to 4.5 m/m (draft 70%), and to 
3.0 m/m (draft 80%). After hot rolling, specimens of 
2.0 m/m (T) X 20 m/m (W) X 180 m/m (L) at each 
draft are prepared by machining, and heated in a salt 
bath to 890°C and 850°C and held at such temperatures 
for 1 hour and then oil-quenched, and subsequently 
tempered for 30 minutes at 300°C. The tensile 
strengths of the specimens are measured and the result 
is shown in Table 1. ~' 

Table 1 

Austenitizing 
temperature 

(°C) 
890 850 

Draft 
(%) 

so , 175.2 kg/mm’ 152.4 kglmmz 
70'- 161.0 153.2 
60 - 143.1 137.5 
50 125.6 120.7 
30 123.5 116.0 
0 121.2 109.0 

Note: The above values are mean values of tensile strengths measured twice in the 
direction parallel to rolling. 

EXAMPLE FOR REFERENCE. 

The same specimens as tested in Example 1 are 
tested for measuring tensile strength in the direction 
parallel to rolling when only hot-rolled omitting 
quenching and tempering treatment. The result is 
shown in Table 2. 

Table 2 

Draft (%) 0 30 50 60 70 80 

Tensile 
strength 76.0 80.1 84.5 92.3 101.0 100.0 
(kg/mmz) 

Note: The values in Table 2 are mean values of results measured twice. 

As clearly seen in the above Example and Example 
for reference, high tensile strength is not obtained 
when merely plastically deformed or when merely 
quenched and tempered, but a really high tensile 
strength is obtained only when both treatments are car 

ried out. 

EXAMPLE 2 

According to a known method, a spherical graphite 
cast iron having a main composition of 3.38% C, 3.47% 
Si, 0.41% Mn, 0.08% P, 0.011% S, 0.14% Cr, and 
0.32% Nb is formed into a plate of 10 m/m (T) X 100 
m/m (W) X 600 m/m (L) and surface-machined to 6.0 
m/m X 85 m/m (W) X 500 m/m (L). After preliminary 
heating for 1 hour at 1,000°C, the specimen is immedi 
ately hot-rolled and the thickness is reduced to 4.55 
m/m (draft 24%), to 3.5 m/m (draft 42%), and to 2.7 
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4 
m/m (draft 55%). Specimens of 2.0 m/m (T) X 20 m/m 
(W) X 180 m/m (L) are prepared by machining and 
held for 30 minutes at austentizing temperatures 930° 
and 850°C, then quenched in a salt bath at 280°C and 
held for 1 hour, and thereafter cooled in air (so-called 
isothermal heat treatment). The tensile strength is sub 
sequently measured twice each case in the direction 
parallel to rolling. The mean values of the results are 
shown in Table 3. 

Table 3 

Austenitizing 
temperature 

(°C) 930 850 
Draft 
(%) 

55 169.5 kg/mm2 172.3 kg/mm2 

As clearly seen from the above Table, the cast iron 
according to the present invention exhibits a high level 
of tensile strength comparable to special steels. 

EXAMPLE 3 

According to a known method, a spherical graphite 
cast iron having a main composition of 3.57% C, 2.62% 
Si, 0.54% Mn, 0.12% P, 0.011% S, 0.18% Cr, and 
0.24% Nb is formed into a plate of 10 m/m (T) X 100 
m/m (W) X 500 m/m (L) and surface-machined to 6.0 
m/m (T) X 80 m/m (W) X 400 m/m (L). After anneal 
ing for 2 hours at 700°C, the specimen is cold-rolled 
while intermediately annealing and the thickness is re 
duced to 4.4 m/m (draft 27%), to 3.2 m/m (draft 47%), 
to 2.2 m/m (draft 63%), and to 1.6 m/m (draft 73%). 
The specimen is subsequently subjected to normalizing 
treatment through heating at 930°C for 30 min. fol 
lowed by air cooling. A specimen for abrasion test is 
prepared for each draft. The specimen is tested for 
wear resistance by Ogoshi quick abrasion test machine. 
The result is shown in Table 4. 
The test conditions are as follows: 

sliding distance: 200 m, Final load: 6.4 kg 
Sliding block: chromium-plated rotor 
Fixed block: specimen at various drafts 
Sliding velocity: 1.02 m/sec, 4.00 m/sec, 7.15 m/sec 
Lubrication: dry abrasion 

Table 4 

Specimen 
thickness Draft Direction parallel to rolling 
m/m (%) 1.02 m/sec 4.0 m/sec 7.15 m/sec 

6.0 0 0.094 0.060 0.307 
4.4 27 0.092 . 0.042 0.348 
3.2 47 0.081 0.051 0.302 
2.2 63 0.076 0.047 0.341 
1.6 73 0.064 0.039 0.354 

Specimen 
thickness Draft Direction perpendicular to rolling 
m/m (%) 1.02 m/sec 4.0 m/sec 7.15 m/sec 

6.0 0 0.094 0.060 0.307 
4.4 27 0.098 0.046 0.368 
3.2 47 0.083 0.046 0.312 
2.2 63 0.081 0.053 0.345 
1.6 73 0.078 0.057 0.387 

For comparison, some special steels and conven 
tional cast irons are tested for wear resistance under 
the same condition, and the result is shown in Table 5. 
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Table 5 

Test specimen l.02 m/sec 4.0 m/sec 7.15 m/sec 

SK-S — 0.289 1.234 
(carbon tool steel) 
SCM-4 -— 0.694 1.962 

(chromium 
molybdenum steel) 
SUS-39 — 3.783 3.088 

(stainless steel) 
Flaky graphite cast 0.476 0.428 L032 
iron (for piston ring) 
Spherical raphite 0.087 0.240 0.469 
cast iron ( or piston 
ring) 

Note: Tests at a low speed range (1.02 mlsec) fail owing to the occurrence of 
seizure. 

The values shown in Tables 4 and 5 indicate worn 
volumes (mm“) of the abrasion trace on the specimen 
surface tested 4 times for each specimen. 
From these results, it is seen that the cast iron ac 

cording to the present invention exhibits wear resis 
tance superior to those of steels and conventional cast 
irons and the wear resistance does not show anisotropy 
whether it is parallel or perpendicular to the rolling di 
rection. 
High tensile strength spheroidal graphite cast iron ac 

cording to the present invention can exhibit high tensile 
strength far greater, by applying both plastic deforma 
tion and heat treatment to those of ordinary composi 
tion or containing either or both niobium and tantalum, 
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6 
than by applying only plastic deformation or heat treat 
ment, and also may possess characteristics comparable 
to special steels as well as excellent properties inherent 
in cast iron such as oil retentivity, wear resistance, and 
high damping capacity. 
Accordingly, this cast iron ?nds new fields of applica 

tion unforeseeable for the conventional cast irons and 
can contribute much to industry, making the equip 
ment and machinery lighter in weight and reducing cost 
by use of this cast iron. 
What we claim is: 
l. A method for manufacturing spheroidal graphite 

cast iron comprising applying hot plastic deformation 
treatment to a spherical graphite cast iron at a reduc 
tion ratio of 30 to 80% and subsequently subjecting the 
said material to heat treatment to obtain high tensile 
strength. 

2. A method for manufacturing spheroidal graphite 
cast iron as recited in claim 1, wherein the said heat 
treatment comprises quenching and tempering. 

3. A method for manufacturing spheroidal graphite 
cast iron as recited in claim 1, wherein the said heat 
treatment comprises austempering. 

4. A method for manufacturing spheroidal graphite 
cast iron as recited in claim 1, wherein the said spherio 
dal graphite cast iron contains 0.05 to 2.5% of at least 
one element selected from niobium and tantalum. 

* =|< * a: * 


