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57 ABSTRACT 
Large-sized and large thickness composite sleeves 
adapted for use with rolls of a universal rolling mill for 
producing H-shaped beams and having a width which 
is small relative to the diameter. The sleeves each 
have an outer diameter of over 900 millimeters and 
comprises an outer layer of high carbon cast alloy 
steel having a carbon content in a range between 1.6 
and 2.2 percent by weight and a Shore hardness num 
ber of over 55, and an inner layer of cast steel of high 
carbon content in which crystallization of graphite has 
taken place and which has a Shore hardness number 
in a range between 35 and 42. The outer and inner 
layers are both produced by centrifugal casting in such 
a manner that the ratio of the thickness of the outer 
layer to that of the inner layer is in a range between 
0.5 and 2.6. 

9 Claims, 3 Drawing Figures 
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LARGE-SIZED AND LARGETHICKNESS 
COMPOSITE SLEEVES 

This invention relates to large-sized and large thick 
ness composite sleeves adapted for use with horizontal 
rolls and vertical rolls of the assembly type for a univer 
sal rolling mill for producing H-shaped beams which 
has mounted on the shaft large-sized sleeves having a 
small width relative to the diameter. 

Rolls of the assembly type have been widely in use 
because the shaft can be used again by replacing one 
sleeve by another one and the rolls of the assembly type 
are low in roll cost, so that they are more economical 
than rolls of the solid type. Heretofore, it has been cus 
tomary to use sleeves of cast steel of medium carbon 
content having a Shore hardness number of below 50 
for rolls of the asembly type of a universal rolling mill 
for producing H-shaped beams. Some disadvantages 
are associated with such sleeves. Wear is caused on the 
lateral surface of each sleeve, scars are formed in the 
flange by striking, and the sleeve is unable to withstand 
pressure applied by folding of the metal to be rolled or 
form other reasons. 
On the other hand, with the progress of the rolling art 

and the increase in efficiency in performing rolling, 
there has in recent years been an increasingly large de 
mand for sleeves having properties as set forth below 
for rolls of a universal rolling mill for producing H 
shaped beams. 

1. The sleeves should be tough and devoid of the pos 
sibilities of fractures; 

2. The sleeves should be highly resistant to wear and 
should not produce surface roughness; 

3. The sleeves should be highly resistant to crack for 
mation when heated; and 

4. The sleeves should be deep hardening or low in the 
reduction of internal hardness when the range of diam 
eters for effective use is great. 

Difficulty has been experienced, however, in produc 
ing large thickness sleeves having all the aforemen 
tioned properties from a single material. Particularly, it 
has been impossible to produce such sleeves by casting 
in a mold because of low strength of the material. 

In order to obviate this problem, proposals have been 
made to produce sleeves of the composite type each 
comprising outer and inner layers of equal thickness 
made of dissimilar materials, More specifically, such 
sleeves would consist of an effective surface layer or 
outer layer made of a high hardness alloy or high car 
bon content alloy which is highly resistant to wear, pro 
duction of surface roughness and crack formation upon 
heating and which is highly deep hardening, and an 
inner layer made of a soft and ductile material of low 
hardness which is so tough that it does not fail when 
subjected to a shrinkage fitting stress during production 
or when rolling and thermal stresses are simultaneously 
applied to the sleeve in service, and which has a re 
duced internal residual stress. 
Composite sleeves of the prior art have hitherto been 

produced by casting two types of metals by using the 
fixed mold provided with a partition of an steel plate, 
or by first casting a molten melt for the outer layer and 
replacing the inner portion of the poured molten metal 
by another molten metal for the inner layer after the 
outer layer has solidified a predetermined distance 
from the surface. The former has disadvantages in that 
the outer and inner layers are sometimes not welded 
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2 
together properly, hot top has little effect because the 
outer and inner layers are separated by the partition, 
and degasing of the poured molten metals is not ef 
fected properly. The latter has disadvantages in that 
molten for the inner and outer layers tend to mix with 
each other thoroughly, so that it is impossible to per 
form the operation in a stable manner because diffi 
culty is experienced in controlling the thickness of each 
layer and the quantity of the molten metal used for 
each layer. Thus, the aforementioned methods are not 
in practical use nowadays. 
A pipe of small thickness formed in two layers and 

made of a ferrous or non-ferrous material can readily 
be produced by centrifugal casting and the two layers 
form well-defined concentric circular areas because 
the pipe has a small thickness and the outer and inner 
layers quickly solidity. Since such pipe is not subjected 
to a high load both mechanically and thermally as is the 
case with rolls, there is no technical problem to be ob 
viated in producing such pipe. 
However, when composite sleeves of large size and 

large thickness which have an outer diameter of over 
900 millimeters and in which by ratio of the thickness 
T to the diameter D of T/D is over 0.20 are to be pro 
duced by centrifugal casting for use with a rolling mill, 
difficulties are experienced because such sleeves must 
have the aforementioned properties. The problems 
which should be obviated in producing such composite 
sleeves bby centrifugal casting are as follows. 

a. It takes a long time for both the outer and inner 
layers to solidify and variations tend to occur in the rate 
of solidifying of the molten metals from region to re 
gion, thereby making it difficult to provide a composite 
sleeve with concentric circular layers each made of a 
homogeneous material and separated by a circular 
boundary layer. The outer and inner layers are either 
mixed with each other too much and no well-defined 
outer and inner layers are formed, or the outer and 
inner layers are welded together improperly. 

b. It is difficult to minimize a residual stress existing 
in the interior of the boundary layer through which the 
metals for the outer and inner layers shift from one 
layer to the other, thereby making it difficult to form 
a satisfactory boundary layer having no defect through 
out the whole sleeve, 

c. A sleeve in which the thicknesses of the outer and 
inner layers are not proper has the possibilities of fail 
ures during production or in service. 

d. The rate of solidifying of molten metals is low and 
defective segregation tends to occur in the outer and 
inner layers. 
Thus, the production of large-size and large thickness 

composite sleeves of high hardness by centrifugal cast 
ing has been very difficult. 

SUMMARY OF THE INVENTION 

This invention has as its object the provision of ideal 
large-sized and large thickness composite sleeves hav 
ing predetermined properties and adapted for use with 
rolls of the assembly type for producing H-steels, such 
composite sleeves being produced by centrifugal cast 
ing and obviating the aforementioned disadvantages of 
the prior art. 
According to the invention, there are provided large 

sized and large thickness composite sleeves produced 
by centrifugal casting and each having an outer diame 
ter of over 900 millimeters, such composite sleeves 
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each comprising an outer layer of high carbon alloy 
steel having a carbon content in a range between 1.6 
and 2.2% by weight and a Shore hardness number of 
over 55, and an inner layer of high carbon cast steel in 
which crystallization of graphite has taken place and 
which has a Shore hardness number in a range between 
35 and 42. 
According to the invention, there are also provided 

large-sized and large thickness composite sleeves of the 
type described in which the ratio of the thickness of the 
outer layer to that of the inner layer is in a range be 
tween 0.5 and 2.6. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view of a composite sleeve according 
to the present invention; 
FIG. 2 is a vertical sectional view of the composite 

sleeve shown in FIG. 1; and 
FIG. 3 is a diagram showing hardness penetration in 

internal hardness. 
The invention will now be described with reference 

to an embodiment shown in the drawings. FIG. 1 shows 
the construction of a composite sleeve of large thick 
ness adapted for use with a horizontal roll of large 
thickness and small width of the assembly type used 
with a universal rolling mill for producing H-shaped 
beams. The sleeve comprises an outer layer 1 of large 
thickness made of high carbon alloy steel, an inner 
layer 2 made of tough high carbon cast steel in which 
crystallization of graphite has taken place and which 
has a low Shore hardness number, and a boundary layer 
3 consisting of a mixture of the materials for the outer 
and inner layers 1 and 2, 4 designates a shrinkage fit 
ting surface. 

Large-sized and large thickness composite sleeves of 
over 900 millimeters in diameter in which the ratio of 
the thickness t to the outer diameter D of td is in a 
range between 0.20 and 0.40 are produced as follows. 
A predetermined quantity of molten alloy steel of high 
carbon content is poured into a metallic mold for cen 
trifugal casting rotating at high speed on a horizontal 
centrifugal casting apparatus to form the outer layer 1 
which will have a Shore hardness number of over 55 
and a carbon content in a range between 1.6 and 2.2 
percent after the casting is produced. Immediately be 
fore the inner surface of the molten metal for the outer 
layer 1 completely solidifies after lapse of a predeter 
mined time, a predetermined quantity of molten metal 
of high carbon content for the inner layer in which 
crystallization of graphite can be made to take place 
upon solidification is poured into the mold in such a 
manner that the ratio t1 of the outer layer 1 to the 
thickness of r2 of the inner layer 2 or tl/t2 will be in a 
range between 0.50 and 2.6 and the Shore hardness 
number of the inner layer 2 will be in a range between 
35 and 42 after the casting is produced. Thus, perfect 
mixing and fusion of the two types of molten metals 
take place in the boundary layer 3 between the outer 
and inner layers 1 and 2 from the metallurgical point 
of view and no diffusion of the metals occurs, so that 
the composite sleeve produced has no flaws in the cast 
ing. After the casting or composite sleeve has solidified, 
rotation of the mold is interrupted, thereby finishing 
the casting operation. 
The reason why the diameter of the sleeves according 

to the invention is limited over 900 millimeters and the 
ratio of the thickness t to the outer diameter t or tD is 
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4 
limited to a range between 0.20 and 0.40 is as follows. 
The object of the invention is to provide large-sized and 
large thickness composite sleeves of over 900 millime 
ters in outer diameter. In the case of small thickness 
sleeves in which the ratio td is below 0.20, there is no 
problem to be obviated because cooling of the sleeves 
takes place relatively quickly. Thus, the lower limit of 
the ratio tid is set at 0.20. On the other hand, when the 
ratio tiD is over 0.40, the casting has an inordinately 
large thickness and is not therefore generally referred 
to as a sleeve. Besides, it takes an extremely long time 
for the finish of solidification metals to cool and solid 
ify, so that it is impossible to produce composite sleeves 
by centrifugal casting which meet the aforementioned 
requirements, no matter how the thicknesses of the 
outer and inner layers are controlled. 
The carbon content of the alloy steel for the outer 

layer 1 is limited to a range between 1.6 and 2.2 per 
cent by weight according to the invention because, if 
the carbon content exceeds 2.2 percent, then the mate 
rial is brittle and surface cracks formation tends to 
occur when subjected to a heat treatment, and, if the 
carbon content is below 1.6 percent by weight, then hot 
rolling causes wear and seizure to occur in the sleeves. 
The ratio of the thickness t1 of the outer layer 1 to 

the thickness t2 of the inner layer 2 or tit.2 of the 
sleeves according to the invention is limited to a range 
between 0.50 and 2.6 because of the following reason. 
In order that the boundary layer 3 may be in a perfect 
condition for joining the outer layer 1 and the inner 
layer 2 by fusion of the two metals, a portion of the 
inner surface of the outer layer 1 should be melted 
again after solidification by the molten metal for the 
inner layer 2 and allowed to solidify again. To this end, 
it is required that the quantity of the molten metal for 
the inner layer 2 should be such that the ratio t1/12 
does not exceed 2.6 so that the molten metal for the 
inner layer has a thermal capacity which is high relative 
to the volume of the outer layer 1, whereby a portion 
(having a thickness between 15 and 20 millimeters) of 
the inner surface of the outer layer can be melted again 
immediately before completion of solidification. If the 
ratio t1 ft2 is below 0.5, then the thickness of the outer 
layer 1 is extremely small as compared with the thick 
ness of the inner layer 2. When this is the case, the ther 
mal capacity of the molten metal for the inner layer 2 
is excessively high relative to the volume of the outer 
layer 1, with the result that the inner surface of the 
outer layer 1 is too readily melted again and diffused to 
enable the outer layer 1 to have a predetermined thick 
ness and to permit the boundary layer 3 to be formed 
in the form of a circle free from eccentricity. 
This makes it difficult to produce a casting in which 

the outer layer has a thickness as designed and the 
outer and inner layers are separated by the boundary 
layer which is circular and free from eccentricity. 
The reason why the Shore hardness number of the 

outer layer 1 should be over 55 is because the sleeves 
should be sufficiently hard to be resistant to wear and 
the production of surface roughness. If the Shore hard 
ness number of the inner layer 2 exceeds 42, then the 
sleeves become exceedingly brittle, thereby producing 
the possibilities of failures during production and in 
service. If the Shore hardness number of the sleeves is 
below 35, then the shrinkage fitting surface of the 
sleeves lacks rigidity after shrinkage fitting is effected 
and assembling is effected, thereby posing the problem 
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of slipping of the sleeves. To obviate this problem, 
therefore, the Shore hardness number of the inner layer 
2 is limited to a range between 35 and 42 in which crys 
tallization of spherical graphite form tends to occur. It 
should be noted that the hardness of the inner layer 2 
is closely related to range between 0.5 and 2.6 of the 
ratio t11 t2 and that the Shore hardness number of the 
inner layer 2 is preferably in the neighborhood of 35 at 
which the steel is high in toughness and crystallization 
of spherical graphite form takes place readily. 
FIG. 3 shows the hardness penetration of a composite 

sleeve according to the invention. It shows that, since 
the outer layer is highly deep hardening, the residual 
tensile stress applied by the outer layer on the inner 
layer becomes very great when the thickness of the 
outer layer of the Shore hardness number of over 55 is 
such that the ratio t1 ft2 of the composite steel is over 
2.6. This increases the possibilities of fractures. 
A composite sleeve produced as aforementioned and 

meeting the requirements is subjected to homogenizing 
and spherodizing when considered necessary. Then, it 
is cut into sleeves of a smaller size which are subjected 
to heat treatment, e.g. quenching and tempering, so 
that the final products or sleeves can be produced in 
which the ratio t1 ft2 is in a range between 0.5 and 2.6. 
The final products are mounted on shafts by shrink 

age fitting. Thus, the production of a large-sized and 
large thickness composite sleeve roll is completed. 

EXAMPLE 

Table 1 shows the chemical composition of metals 
used for producing a composite sleeve for a horizontal 
roughing roll which has an outer diameter of 1,390 
millimeters, an inner diameter of 650 millimeters and 
a total length of 1,600 millimeters, and in which re 
quired thickness of the outer layer is over 245 millime 
tets. 

Table 

Chemical composition (%) 
C S Si 

0.003 Outer Layer 2.()7 
0.005 Inner layer 45 

0.78 
S6 

0.8 
0.77 

0.020 
0.018 

12,200 kilograms of molten metal for the outer layer 
kept at 1470'C was poured into a metallic mold rotat 
ing at 120 G on a horizontal centrifugal molding appa 
ratus for producing large-sized sleeves. After lapse of 
a predetermined time and immediately before comple 
tion of solidification of the inner surface of the molten 
metal for the outer layer, 3,500 kilograms of molten 
metal for the inner layer kept at 1500C was poured 
into the metallic mold again. Rotation of the mold was 
interrupted when solidification of the molten metals 
was completed in about 5 hours. 
The outer layer had a particularly large thickness and 

was made of high carbon alloy steel which is brittle if 
not subjected to some treatment after being produce 
by casting in a mold. Therefore, the casting was re 
moved from the metallic mold while being maintained 
at a temperature of over 600°C and subjected to ho 
mogenizing and spherodizing. Thereafter, the casting 
was cut into smaller pieces by turning, each piece hav 
ing a required width. After each sleeve was subjected 
to rough working, it was quenched and tempered. 
Then, each sleeve was worked to have predetermined 
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6 
dimensions and mounted on a shaft by shrinkage fit 
ting 
The results of inspection carried out by entire surface 

coloring and supersonic flaw detecting methods show 
that the sleeves produced are free from flaws. The 
Shore hardness number of the surface of the sleeves 
was between 60 and 61 while the Shore hardness num 
ber of the inner surface was between 38 and 41. The 
highly deep hardness of the sleeves was as shown in 
FIG. 3. It will be seen that, in spite of the fact that the 
sleeves have a large size and a large thickness, a reduc 
tion in the thickness of the outer layer is very small and 
the outer layer and the inner layer form separate layers 
demarcated by a clear-cut boundary. The sleeves each 
had an outer layer of 250 millimeters in thickness while 
the overall thickness of each sleeve was 350 millime 
ters. Variations in the thickness of the outer layer were 
less than 6 millimeters. The ratio t|D was 0.25 and the 
ratio t11t2 was 2.5, which are in the predetermined 
ranges. 

Table 2 

Layer Tensile Strength Ductility Charby impact 
(kg/mm) (%) Test (kg-micn) 

Outer 63 0.3 0.2 
Inner 80 3.2 1.2 

Horizontal rolls for producing H-shaped beams using 
the composite sleeves according to the invention were 
capable of producing H-shaped beams of 1,980 tons by 
rolling in one operation, as compared with the H 
shaped beams of 1,000 tons produced by rolling in one 
operation by conventionaal rolls having a Shore hard 
ness number below 50. 
The amount of wear caused on the side wall was be 

tween 0.15 and 0.20 millimeter for one operation 
which was smaller than the amount of wear caused on 

Cr Mo 

0.94 0.89 
0.23 0.5 

conventional rolls which was 0.4 millimeter. 
From the foregoing description, it will be appreciated 

that the present invention provides large-sized and 
large thickness composite sleeves which meet the re 
quirements with respect to the material, hardness and 
thickness of the outer layer, and which are free from 
casting flaws, solid and high in performance. The 
sleeves according to the invention have no possibilities 
of fractures, and can have a service life about twice as 
long as that of sleeves of the prior art. The use of the 
sleeves according to the invention is economical be 
cause the cost of material required for the rolls is low. 
What is claimed is: 
1. A large-size and large thickness composite sleeve 

produced by centrifugal casting and having a diameter 
of over 900 millimeters, said composite sleeve compris 
ing an outer layer of high carbon cast alloy steel having 
a carbon content of about 1.6 to 2.2 percent by weight 
and a Shore hardness of over 55, and an inner layer of 
high carbon cast steel in which crystallization of graph 
ite has taken place, said inner layer having a Shore 
hardness of about 35 to 42, the ratio of the thickness 
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of said outer layer to the thickness of said inner layer 
being about 0.5 to 2.6. 

2. A large-size and large thickness composite sleeve 
produced by centrifugal casting and having an outer di 
ameter of over 900 millimeters and a sleeve thickness 
to outer diameter ratio (t/D) of from 0.2 to 0.4, said 
composite sleeve comprising an outer layer of high car 
bon cast alloy steel having a carbon content of about 
1.6 to 2.2 percent by weight and a Shore hardness of 
over 55, and an inner layer of high carbon cast steel in 
which crystallization of graphite has taken place, said 
inner layer having a Shore hardness of about 35 to 42, 
the ratio of the thickness of said outer layer to the 
thickness of said inner layer being about 0.5 to 2.6. 

3. The composite sleeve of claim 2, wherein the 
Shore hardness of said inner layer is in the neighbor 
hood of 35. 

4. The composite sleeve of claim 2, wherein said 
outer layer consists essentially of 2.07 percent by 

O 

5 

20 

25 

30 

35 

40 

45 

SO 

55 

65 

8 
weight C, 0.78 weight percent Si, 0.81 weight percent 
Mn, 0.02 weight percent P, 0.003 weight percent S, 
0.32 weight percent Ni, 0.094 weight percent Cr, 0.89 
weight percent Mo, and the balance substantially iron. 

5. The composite sleeve of claim 4, wherein said 
inner layer consists essentially of 1.45 weight percent 
C, 1.56 weight percent Si, 0.77 weight percent Mn, 
0.018 weight percent P, 0.005 weight percent S, 0.42 
weight percent Ni, 0.23 weight percent Cr, 0.15 weight 
percent Mo, and the balance substantially iron. 

6. The composite of claim 5, wherein the Shore hard 
ness of said inner layer is about 38 to 41. 

7. The composite sleeve of claim 6, wherein the 
Shore hardness of said outer layer is about 60 to 61. 

8. The composite sleeve of claim 5, wherein the outer 
diameter of said outer layer is about 1,390 mm. 

9. The composite sleeve of claim 2, wherein said 
composite sleeve is a two-layered article. 

als al 


