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1. A sizing mil’ including two roll stands arranged 

along a planned passage line of a roll material,

each of said roll stands having

(a) a housing and ' ..

(b) a pair of rolls each of which is provided with a 

groove on the circumferential surface thereof and is 

rotatably mounted in said housing,

the axial direction of the roll in one of said roll 

stands differing by 90* from that of the roll in the other of 

said roll stands and

the groove on each of said rolls consisting of a bottom 

surface which is a circular arc in cross section, the size of 

said circular arc being determined such that the angle made
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by a line passing the center and one end of said circular arc 

and a line passing the center and the other end of said cir­

cular arc may be equal to a value selected in an interval 90 

~ 140’ , and of both side surfaces which are, in cross sec­

tion, circular arcs of a radius larger than that of the cir­

cular arc of said bottom surface or segments of line.
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Sizing mill and method of rolling a round bar material

Background of the Invention
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1. Field of the Invention

This invention relates to a sizing mill used in order to

roll further a metallic material in the form of a round bar, 

which has been subjected to coarse and intermediate rollings

in a hot rolling line, into a finished product of a

prescribed diameter.

2. Description of the Prior art

A sizing mill comprises two or three roll stands ar­

ranged along a planned pass line of a roll material. Each 

roll stand is provided with a pair of rolls formed on the 

outer circumferential surface thereof with respective 

grooves. The roll material transferred along the planned pass 

line is passed through the grooves on the rolls in each roll 

stand. In this manner, the roll material is rolled into a 

finished material of a prescribed diameter.

In order to raise the accuracy in the diameter of the 

finished material, the followings are practiced in the com­

pany where the inventor is employed. Namely, after the 

diameter of the finished material is decided, the diameter of 

the roll material is determined, taking into account of the 

rate of area reduction. In the next place, the radius of cir­
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cular arc in cross section of the bottom surface of the above

mentioned groove is determined and the depth of the groove is

determined at the same time.

Accordingly, the dimension of the finished material,

after being rolled with use of the rolls provided with the

grooves specified in the above mentioned manner, lies within

regular tolerances if the radius of the roll material is

within a prescribed tolerance. However, if there is a devia­

tion beyond the prescribed tolerance in the diameter of the

roll material, there appears a problem that a deviation cor­

responding to this deviation in the diameter of the roll

material is brought about also in the diameter of the

finished material and this deviation goes beyond an allowable

1imit.

Furthermore, in the sizing mill including rolls provided 

with grooves formed in the above mentioned manner, it is 

necessary to change the dimensions of the groove when a 

finished material of a different diameter is required. In 

this case, it is difficult to meet this requirement only by 

changing the spacing between a pair of rolls. Namely, an 

angle a made by a line passing the center 140c and one end 

140a of such portion 140 of a groove 128 that is a circular 

arc in cross section and a line passing the center 140c and 

the other end 140b of the portion 140 as shown In Fig. 15 is 

set equal to a large value such as 170’ . Then the contour 

defined by the grooves becomes practically a round. In order

2
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to obtain a finished material, for example, of a larger

diameter with use of these rolls, the spacing between the

bottoms of grooves is extended from WI to W2. Then, the

shoulder dimension between a pair of rolls (the distance be­

tween the tangent at one end of the circular arc of the

groove on one of the rolls and the tangent at the other end

of the circular arc of the groove on the other roll) is in­

creased from XI to X2. The margin length X resulting from the

increased shoulder dimension Is very small as is shown. Ac­

cordingly, when a roll material is transferred to the rolls

with the enlarged spacing between bottom surfaces W2, the

cross section of the finished material passed between the

rolls becomes an ellipse. Therefore, it is difficult to ob­

tain finished materials different in diameter only by chang­

ing the spacing between a pair of rolls.

For this reason, it is necessary to change the dimen­

sions of the groove as well in order to obtain finished 

materials slightly different in diameter. Moreover, it is 

necessary to change also the diameter of the roll material in 

accordance the change of the above mentioned dimensions. 

These changes require the work of cutting the grooves over 

again and the work of rearranging the rolling processes at 

stages before the sizing mill. These works require long time 

and high cost.

Summary of the Invention

3



A

A first object of the present invention is to provide a

sizing mill which can provide a required finished material in

the form of a round bar by rolling a roll material of a

diameter larger than that of the finished material.

A second object of the present invention is to provide a

sizing mill which can form roll materials into finished

materials of a prescribed diameter even if the roll materials

deviate largely in diameter.

,, According to the present invention, a groove on a rollO 6ft ft ft ®
,. consists of a bottom surface and side surfaces contiguous toβ oft ft ft ft
j „»·, both ends of the bottom surface. The bottom surface is a cir-
ft ft 0 ft
JV. cular arc in cross section. The angle made by a line passing0 ft
’’’«Jthe center and one end of the circular arc and a line passing 

the center and the other end of the circular arc is deter-

«'</ mined to be a value selected in an interval of 90~ 140° . On
t f ’

‘/’/the other hand, the both side surfaces are determined to be, 

.... in cross section, circular arcs of a radius larger than that• ft ft ft ft ft
........;of the bottom surface or to be segments of line. Accordingly,

ft ft
roll materials of a diameter within a tolerance determined in• ft• ft

• ’"the same manner as in a conventional case can be accepted to

be rolled into finished materials of a prescribed diameter.

Moreover, even such accepted roll materials that deviate in

diameter beyond the tolerance can be rolled into finished

materials of a prescribed diameter.

A third object of the present invention is to provide a

sizing mill which can provide required finished materials

4



slightly different in diameter without requiring to change

the diameter of roll materials but only by changing slightly

the spacing between a pair of rolls in a roll stand.

According to the present invention, the allowable range

of diameter of a roll material is wider when it is required

to obtain a finished material of a prescribed diameter. As a

result, even when the diameter of the finished material is

changed by changing the spacing between the rolls while keep­

ing the diameter of the roll material unchanged, the un-n* ft
‘ changed diameter of the roll material can stay within the al-«·»• e
’ lowable range. Consequently, it becomes possible to provide
ft ft ft
ft ft · «
.. »« finished materials of a required diameter without changingβ β *ft ft
,«»t ( the diameter of the roll material but changing slightly the

ft ft t
spacing between a pair of rolls in the roll stand.

//·. The change of the diameter of the finished material by a
r it
//% method of this kind can be practiced in a very short time and

t u

at a slight cost.ft ft t ft ft ft
, Other objects and advantages of the inventions will be-1t ft * · i < ft

come apparent during the following discussion of the accom-
4 t
' panying drawings.

Brief Description of the Drawings

Fig. 1 is a plane view showing a sizing mill and the 

rolling mill at the last stage in a series of finish rolling 

mill series;

Fig. 2 is a view showing the mills in the direction

5
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shown by an arrow II in Fig. 1;

Fig. 3 is a view showing the sizing mill in the direc­

tion shown by an arrow III in Fig. l;

Fig. 4 is a partial front elevation of a roll stand in

partial section;

Fig. 5 is a partial side elevation of the roll stand;

Fig. 6 is a front elevation showing the form of a groove

on a roll;

Fig. 7 is a perspective view showing the mutual

relationship among a number of rolls of the mills in Fig. l;

Fig. 8 is a view showing schematically the change of the

cross section of a steel billet while it is rolled in order

into a finished material;

Figs. 9A through 9D are views for explaining the succes­

sive change of the dimension of a roll material while it is 

rolled by the sizing mill of Fig. l;

Fig. 10 is a view showing schematically the change of 

the cross section of the billet while it is rolled in order 

into a finished material of thickness different from that of 

the finished material of Fig. 8;

Fig. 11 is a perspective view showing the mutual 

relationship among rolls when the number of roll stands in 

the sizing mill is two;

Figs. 12A through 12C are views showing schematically

the change of dimensions of the roll material while it is

rolled by the sizing mill with the number of roll stands of

6



two:

Fig. 13 is a plane view showing a different embodiment

of a rolling system;

Fig. 14 is a view for explaining the change of the

shoulder dimension of the groove when the spacing between

rolls is changed in the sizing mill according to the present

invention; and

Fig. 15 is a view for explaining the change of the

shoulder dimension of the groove when the spacing between

rolls is changed in a conventional sizing mill.

A

o e
β ft
009 0

Description of the Preferred Embodiments
9 · *»

<,* In Figs. 1 through 3, a sizing mill 1 comprises three
9 ft « ·
’ ’ ·* roll stands 3. 4 and 5 mounted on a base 2 and a drive means

A 9 ·

• ·· 6 for driving the roll stands. These roll stands 3, 4 and 5

are arranged one by one along a planned passage line A of a
ο β »

’·'··’ roll material. The drive means 6 includes an electric motor
*ft 9 β
’ 7, a distributing reduction gear 8, a pinion gear box 9 and a

·*”'· spindle carrier 10 for the roll stand 3 , a pinion gear box 

·;···: 11 and a spindle carrier 12 for the roil stand 5 and a pinion

j·. gear box 13 for the roll stand 4.
w · 9 9

In a rolling line including a coarse rolling mill 

series, an intermediate rolling mill series and a finish 

rolling mill series, the above mentioned sizing mill 1 is 

disposed after the finish rolling mill series. In Figs. 1 and 

2 the rolling mill at the last stage of the finish rolling

7



mill series is represented by a reference numeral 15. As is

well known, the rolling mill 15 comprises a roll stand 17

mounted on a base 16 and a drive means 18 for the roll stand

and the drive means 18 includes an electric motor 19 and a

Pinion reduction gear 20.

In Figs. 4 and 5, the roll stand 3 is shown in details.

As is well known, the roll stand 3 Includes a housing 23,

four roll chocks 24 mounted in the housing 23 for vertical

movement, a pair of rolls 25 and 25 each supported rotatably

by the roll chock 24 and a roll distance adjusting means for

♦ adjusting the distance between the paired rolls 25 and 25, 

i.e., a pressing down means 26.
© ft ft

2 On the outer circumferential surface of each of the
ft « 8 ft
• * rolls 25 and 25 are formed grooves 28 and 28 which define a
• · «

’· caliber 29.

The pressing down means 26 comprises an operation axis
β 0 · ft ft «
* ** 30 and work axes 31 and 31 and both axes are connected byft ft ft ft ft ft
“ ** gears 32 and 33 for linkage. The operation axis 30 is 

·*’!’· provided with an adjusting handle 34. The lower portion of
ft

T*’: the work axis 31 is formed as a hollow cylindrical portion 

35, the inside surface of which is formed with a femaleft ft ft ft
screw. A pressing down screw 38 is supported for vertical

movement by a bearing 37 secured in the housing 23. The outer

circumferential surface of the upper portion of the pressing

down screw 38 is formed with a male screw which is in

threaded engagement with the female screw. The lower end of

8
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the pressing down screw 38 is adapted to oppose the upper 

roll chock 24 so that the lower end may press down the roll 

chock. The upper roll chock 24 is, in a well known manner, 

subjected to an upward biasing force by a spring (not shown) 

provided inside the housing.

The operation of the above mentioned pressing down means 

26 is as follows. When the operation axis 30 is rotated by 

turning the handle 34, the work axis 31 is rotated via the 

gears 32 and 33. The rotated axis 31 causes the pressing 

screw 38 to displace upwards or downwards. As the result of

the displacement of the screw 38, the upper roll chock 24 is

raised under the biasing force or lowered against the biasing 

force. Consequently, the mutual distance between the upper

and lower rolls 25 and 25 is adjusted. The mutual distance 

between the rolls can be arbitrarily set by such adjustment 

of the distance between the rolls. The distance once set up 

can be stably maintained on account of the constructional 

feature of the pressing down means 26.

In Fig. 6 is shown the detail form of the aforementioned 

groove 28. The groove 28 consists of a bottom surface 40 and 

side surfaces 41 and 41 contiguous to both ends of the bottom

surface.

The cross section of the bottom surface 40 is a circular arc.

The opening angle of the circular arc Θ , i.e., the angle

formed by a line passing the center and one end of the cir­

cular arc and a line passing the center and the other end of

9



the circular arc, is set equal to an arbitrary value selected 

in an interval of 90° ~ 140° . For example, the opening angle

is 120° . In this embodiment, the cross section of the side

surface 41 is a segment of line. This, however, may be a cir­

cular arc of a radius larger than that of the circular arc of

the bottom surface.

Both the roll stands 4 and 5 are constructed similarly

as the above mentioned roll stand 3. The roll stand 4 is dif­

ferent only in that a pair of rolls of the roll stand are ar­

ranged to the left and right sides of the planned passage

line of roll material. The positional relationship of the
e «

I rolls in each roll stand is as shown in Fig. 7. Namely, the
O«*
ί·ί direction of the axial line 25a of the roll 25 in the roll
• « r t
0 0 0
’ 1 stand 3 differs from the direction of the axial line 44a of a»<■ <

* <c roll 44 in the roll stand 4 by 90° . Furthermore, the direc­

tion of the axial line 44a of the roll 44 in the roll stand 40 0»
·· 0

• ·· differs from the direction of the axial line 45a of a roll 45 0 0 0 0 0 0
’ “ in the roll stand 5 by 90° . In Fig. 7, grooves of rolls 44 
0 0 0 0

·....· and 45 are represented by reference numerals 46 and 47
I

respectively. A roll in the roll stand 17 of the aforemen-

tioned rolling mill 15 is represented by a reference numeral4 4 4 C

48.

Now in reference to Fig. 8, the process is described in 

which a billet is rolled into a product in the form of a 

round bar. The billet B is rolled in order by plural roll 

stands 0H~ 6V in a coarse rolling mill series 51, plural roll

10
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stands 7H~10V in an intermediate rolling mill series 52 and 

Plural roll stands 11H~ 14V in a finish rolling mill series 

53. Notations 0H~ 14V stands for roll stand numbers of a num­

ber of roll stands. In these notations, "H" means that a pair 

of rolls are horizontally disposed and "V" that a pair of 

rolls are vertically disposed. The stand 14V is the stand 15 

shown in Figs. 1 and 2. The above mentioned billet is rolled 

by each of the roll stands 0H~ 14V and takes a cross section 

of the form as shown in Fig. 8. The principal dimension of

the cross section which the billet takes after being rolled

by each roll stand is, for example, as indicated by an 

numeral written under each form of cross section in Fig. 8.

The roll material in the form of a round bar which has been

rolled by the roll stands 0H~ 14V is transferred to the

sizing mill 1 of Figs. 1~ 3 as a roll material W. The roll 

material W is rolled in order by the roll stands 3, 4 and 5 

in the sizing mill 1 and made into a finished material in the 

form of a round bar of a prescribed diameter.

In the next place, two cases are described by way of ex­

ample where a finished material 24.24 mm in diameter and a 

finished material 50.64 mm In diameter respectively are to be 

obtained. As an example is explained a process in which a 

roll material S45C 26 mm in diameter is rolled, at a tempera­

ture of 900°C , into a finished material 24.24 mm in diameter. 

In the case of this example, the dimensions of grooves and 

the distances between rolls in each roll stand, i.e., dimen-

11
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sions Rl — R3 and St~ S3 as shown in Figs. 9A~ 9D are set 

equal to the values as listed in Table 1.

Table 1

roll stand 3 roll stand 4 roll stand 5
radius of circular 
arc of bottom 
surface of groove

Rl=13.00 mm R2=12.12 mm R3=12.12 mm

spacing between 
bottoms of groove

Sl=24.24 mm
'

S2=24.20 mm S3=24.24 mm

The roll material W which is 26.00 mm in diameters Di

and DI' as shown in Fig. 9A is first rolled by the rolls 25

of the roll stand 3 and compressed to be 24.24 mm (=S1) in

the vertical diameter D2 as shown in Fig. 9B. As a result,

the horizontal diameter D3 becomes 26.53 mm. The roll

material is then rolled by the rolls 44 of the roll stand 4

and is compressed to be 24.20 mm (-S2) in the horizontal

diameter D4 as shown in Fig. 9C. As a result, the vertical 

diameter D5 is enlarged to 24.64 mm. Next, the roll material 

is rolled by the rolls 45 of the roll stand 5 and made into a 

finished material which is 24.24 mm both in vertical and 

horizontal diameters D6.

In the case of the above mentioned rolling, the rate of 

area reduction is 7.4 % at the roll stand 3, 5.1 % at the 

roll stand 4 and 1.1 % at the roll stand 5. The overall rate 

of area reduction (the rate after the roll material W has 

been rolled into the finished material) is 13.1 %.

The above mentioned steel S45C has an linear expansion

12
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coefficient of 11X 10 6 , Accordingly, the finished material

just after being produced by rolling becomes a product 24 mm

in diameter when the finished material is cooled down to or­

dinary temperature.

Now another process is described in which a billet of a 

material different from that of the above mentioned billet,

for example, of 52100 (equivalent to SUJ2) is rolled, for ex­

ample, at a temperature of 850 °C and is formed into a

finished material of a diameter different from that of the

above mentioned finished material, for example, 50.64 mm. In

.. this case, a material in the form of a round bar 53 mm in
e o© e * *
»» diameter, which has been rolled by the roll stand 8V in the
e o• · » ·
; intermediate rolling mill series 52, is used as a roll

material to be fed to the sizing mill. The roll stands 9H~

14V which follow the roll stand 8V are removed from the pas­

sage line of the material in the form of a round bar. Dummy

guides for supporting the material in the form oi a round bar

are instead arranged where the removed roll stands were

.... situated. The groove of the roll of each roll stand 3, 4 or 5• βe · · ·
........; in the sizing mill 1 is designed so that the dimensions Rl~6 ©

R3 and S1~S3 may be equal to the following values:• ·• ·
’ Rl=26.65 mm, R2=25.50 mm, R3=25.50 mm, opening angle Θ =110’

, 51=50.64 mm, S2=50.60 mm and S3=50.64 mm

A groove corresponding to these dimensions is formed on each

roll and the distance between rolls is set by the aforemen­

tioned roll distance adjusting means 26.

13



The roll material 53 mm in diameter is rolled by the 

roll stands 3, 4 and 5 having rolls of dimensions as estab­

lished above. Those diameters D1~D5 of the roll material

which are indicated in the aforementioned Fig. 9 become the 

following values and the roll material is made into a

finished material 50.64 mm in the diameter D6'.

Dl=53.0 mm, Dl’=52.5 mm, D2=50.64 mm, D3=53.56 mm, D4=50.60

mm and D5=51.08 mm

The above mentioned steel 52100 has an linear expansion 

coefficient of 15X 10-6. Accordingly, the finished material

»« just after being produced by rolling becomes a product 50 mm• ft
ft ft · ft

·,*, in diameter when the finished material is cooled down to or-
9 ft ft ft

*« <"< dinary temperature.
» » r t

*Ά' In the case of the above mentioned rolling, the rate of
€ € <'

r,.‘ area reduction is 4.4 % at the roll stand 3, 2.8 % at the

roll stand 4 and 1.7 % at the roll stand 5. The overall rate

of area reduction is 8.7 %.
ft · ft

Next, in the above mentioned sizing mill, a relatively 

,····, thin (slightly thicker than a product to be rolled) can be• ft 8 ft
.....i rolled Into a finished material of prescribed dimensions.

« r

<r Furthermore, a relatively thick material can be rolled as
f tC 0 f t

well into a finished material of prescribed dimensions. This 

point is now described. In a pair of rolls of each roll 

stand, the groove consists of the bottom surface and the side 

surfaces contiguous to the both ends of the bottom surface. 

The cross section of the bottom surface is a circular arc.

14
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The opening angle of the bottom surface, i.e., the angle made 

by a line passing the center and one end of the circular arc 

and a line passing the center and the other end of the cir­

cular arc, is adjusted to be a value selected in an interval 

of 90’ ~ 140’ . Accordingly, in the case of the roll stand 3 

for example, a relatively large margin space is formed be­

tween the side surface 41 of the groove 28 on one of the

rolls and the side surface 41 of the groove 28 on the other

roll as shown by a reference numeral 42 in Fig. 6. Thus, a

relatively thin roll material can be rolled without any

trouble. Besides, even a thick roll material can be admitted

between the above mentioned grooves 28 and 28. As a result,

such a thick roll material can be rolled as well. Since roll­

ing is practiced in this manner in each roll stand, either a

relatively thin or thick roll material can be rolled into a

finished material of a prescribed diameter.

The above mentioned margin space 42 is the larger, the 

smaller the opening angle is set. Accordingly, the allowable 

range of the diameter of admittable roll materials becomes 

the wider. If the opening angle is smaller than 90’ , there 

appears, however, a portion which does not contact with the 

roll on any occasion while the roll material passed through 

the roll stands 3, 4 and 5, i.e., a portion which is not 

rolled. Therefore, the above mentioned opening angle is 

preferably be determined to be a value larger than 90’ . On 

the other hand, the larger the above mentioned opening angle

ί 15
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is, the smaller the margin space 42 becomes and the narrower

the above mentioned allowable range becomes. Consequently, it

is appropriate to limit the maximum value of the above men­

tioned opening angle to 140° , considering a general value of

deviation in diameter of roll materials to be fed into the

sizing mi 11.

Next is explained a case in which finished materials

different slightly in diameter are formed in the sizing mill

shown in Figs. 1 through 7, with the diameter of the roll

material transferred to the sizing mill kept unchanged but

only by changing the spacing between a pair of rolls in each

roll stand. As an example, a case is described where a

finished material 48.9 mm or 52.7 mm in diameter is formed in

order to provide a product slightly different in diameter 

from the aforementioned product 50 mm in diameter, for ex­

ample, a product 48.4 mm or 52.2 mm respectively in diameter. 

In this case, just the same roll material and the rolls in 

respective roll stands 3, 4 and 5 that have been used in 

forming the aforementioned finished material 50.64 mm in 

diameter are used. Only the aforementioned spacing SI, S2 and 

S3 are set equal to the values as listed in Table 2.

16



Table 2

diameter of 
f inished 
material

roll stand 3 roll stand 4 roll stand 5 overall
R.A.R.

SI R.A.R. S2 R.A.R. S3 R.A.R.
48.9mm 48.86 8.4% 48.80 4.4% 48.86 3.0% 15%
52.7mm 52.70 0.27% 52.70 0.73% 52.70 0.14% 1%

R.A.R.crate of area reduction

« 4 
« 0
• #*«
ft 0 
0 «
• ft (r r

ft «ft< ft <r < τ t
tt κt t ίt f-

c t ' 
ΐ t r

C ί ·.'

ft t ft ft ft ft ft 4 4
' ft 4

« ft
ft 4 ft

i ft ft < ft ftft ft ft ft.
ft

ft Stttt 
t ς

c <4. t 
ζ

With this setting of dimensions, a roll material 53 mm

in diameter is rolled by respective roll stands and a

finished material 48.9 mm or 52.7 mm in diameter is obtained.

When it is desired to obtain a finished material of a

diameter close to the above mentioned 24.24 mm (24.0~ 25.8 mm

for example), a similar process can be taken. Namely, just

the same rolls and roll material that have been used in ob­

taining the finished material 24.24 mm in diameter are used

and the spacing between a pair of rolls in each roll stand is 

set larger for obtaining a finished material of a larger 

diameter and smaller for obtaining a finished material of a

smaller diameter.

The foregoing articles are further explained with 

reference to Fig. 14 which is drawn in comparison with pre­

viously explained Fig. 15. In Fig. 14, the shoulder dimension 

is X3 (equal to the aforementioned XI) when the spacing be­

tween bottom surfaces is W3 (equal to the aforementioned Wl). 

In order to obtain a finished material of a larger diameter 

the spacing between bottom surfaces is extended from this 

value to W4 (equal to the aforementioned W2). Then the

17



shoulder dimension is increased to X4. The margin length X’

resulting from the increase of the shoulder dimension from X3

to X4 is preserved as a much larger value as shown compared

with the value in the case of the aforementioned Fig. 15

since the opening angle Θ is set equal to a small value (100
i

in Fig, 14). As a result, an almost round finished material

can be obtained even when the spacing between bottom surfaces

is set equal to W4.

Now the values of the aforementioned opening angle of

the groove on the roll and the resulting features are listedft »
j, * in Table 3.
• ft
β ft ft ft

ft ft ftft ft ftft ft ft ft
ft ft ft ft* ft ftft ft

<1 ft · ft ft ft• eft

ft ft ft ft ft ftft ft ft
ft ft ftft ft *ft ft ft

ft ft ft ft
ft ft ft ft

• ft ft ft ft ft ft ft

ft ftft ft ft ft
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Table 3

diameter of 
roll material 53mm 53mm 53mm

diameter of 
finished material 50.50 50.50 50.50

roll
stand

3

spacing between 
bottom surfaces 
of groove

50.50 50.50 50.50

radius of 
circular arc 26.50 26.50 26.50

opening angle 120* 90* 140*

rate of area 
reduction 4.9% 2.9% 5.6%

roll
stand

4

spacing between 
bottom surfaces 
of groove

50.45 50.45 50.45

radius of 
circular arc 25.25 25.25 25.25

opening angle 120* 90' 140*

rate of area 
reduction 3.5% 3.6% 3.5%

roll
stand

5

spacing between 
bottom surfaces 
of groove

50.50 50.50 50.50

radius of 
circular arc 25.25 25.25 25.25

opening angle 120* 90* 140*

rate of area 
reduction 1.1% 3.0% 0.4%

features

Compared with the case of 
the opening angle 120 ’, 
the variable range of the 
diameter of rolled material 
is wider but accuracy in 
dimension is lower.

Compared with the case of 
the opening angle 120 * , 
accuracy in dimension is 
higher but the variable 
range is narrower.
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Next, the roll stands 3, 4 and 5 are preferably ar­

ranged, as for the spacings thereamong, in the following man­

ner. Namely, the adjacent two roll stands are arranged such

that the distance between the axis of the roll in one of the

roll stands and the axis of the roll in the other roll stand

may be less than thirty times the diameter of the roll

material. The roll material is prevented from being twisted

between the adjacent roll stands by such arrangement of the

roll stands while the roll material is rolled in order in the

.. respective roll stands 3, 4 and 5. Accordingly, the roll• ·

material is first rolled by the rolls of one of the adjacentt t «· t
5 »'% roll stands and then by the rolls of the other roll stand.111 t

Thus the roll material can be rolled over the whole surface

thereof without fail. Strictly speaking, the maximum value of

the distance between the roll axes varies according to the

torsional rigidity which is different for roll materials. For
t I f;

a steel material frequently used, however, it is possible to 

prevent such a torsion of the roll material as hindering» · « «
♦ complete rolling by making the maximum value less than thirty4 t

times the diameter of the roll material.t cc f f r
Next, in Fig. 11, similarly as in Fig. 7, is shown the

relationship among rolls 25e and 44e in roll stands 3e and 4e

which are included in a sizing mill le.

The distance between the axes of rolls in both roll 

stands 3e and 4e is preferably less than thirty times the

diameter of the roll material in the case of this embodiment

20



as well.

Figures 12A through 12C show the process in which a roll

material is rolled in the sizing mill including the two roll

stands. In reference to these figures Is explained the case

where a roll material 25 mm in diameters Die and Dl'e is

rolled into a finished material 24.24 mm in diameter. In this

case, each of concerning dimensions is set equal to the fol­

lowing values:

Rle=12.12 mm, R2e=12.12 mm, Sle=24.10 mm, S2e=24.24 mm and 

opening angle Θ =120°
ft ft
,. The roll material 25 mm in the diameters Die and Dl’e Is• *ft ft ft ft
• ♦, rolled by the roll stands having rolls with dimensions estab-

• ft » raft ft4 ft lished above. The rol 1 mater 1al is made into a finished
4ft ίft C <t c ft material 24.24 mm i n the diameter D4e via an intermediate

materi al 24.10 mm 1 n the diameter D2e(=Sle) and 25.18 mm in
♦ 4 ft« « t the diameter D3e.» a 
ft *«

Those members in these figures which can be considered

4.., to be same as or equivalent to the members In the previousft ftft ft ft ft
.....ί figures in the light of construction are represented by

ft <
reference numerals «/inch are same as in the previous figuresI 4( t

‘ but with an affixed alphabet e and the explanation of the

members is not repeated. (Moreover, same reference numerals

with an affixed alphabet f are used in the following figures 

according to the same idea in order to avoid the repeated ex­

planation of same and equivalent members.)

In Fig. 13 is shown a rolling system by which a product

21



of practically continuously variable diameter can be formed.

The rolling system has three sets of sizing mills 101, 102

and 103. Each of the sizing mills 101— 103 is provided with a

roll stand set 100A, 100B or 100C. More one roll stand set

100D Is prepared separately besides these roll stand sets

100A— 100C. Each of the roll stand sets 100A— 100D comprises

three roll stands which are equivalent in construction to the

roll stands 3, 4 and 5 as shown in Figs. 1—3. The roll stand

sets differ from one another only in the dimension of the

.. groove on the roll (the radius of the aforementioned circular © ©• © · ·
arc). This dimension is adjusted, before rolling work, such

• ♦ ♦ ©
J .·♦, that the roll stand set 100A, for example, is suitable to• < ft <

form a product 24.0— 25.8 mm in diameter. Similarly, the 

*s Si dimension is adjusted such that roll stand sets 100B, 100C

and 100D are suitable to form products 22.2— 23.9, 20.5— 22,1
< u

and 30.4— 32.8 mm in diameter respectively.
© · ♦
·*··* In reference to Table 4, the manufacture of various

,····, kinds of products with use of this system is described. Table« « · ·
4 is an example for the case where products of an arbitrary< «
diameter in an interval 20.5— 84.5 mm are manufactured. For

f «
(id

manufacturing of such various kinds of products, the orders 

of various kinds of products are put together collected in 

advance and a rolling plan is formed. The rolling plan is 

formed in such a manner that products are manufactured in the 

increasing order of diameter.
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Table 4

or­
der

stand number sizing mi 11 dimensions 
of products

Oil ov 111 2V 311 4V 511 6V 711 8V 911 10V 1111 12V 1311 14V 101 102 103

1 O o o o o o 0 O O O o o O O o o 100Λ IOOB 100C 20.50-22.10

2 O o o o o o o O O O O O O O O O o O X 22.20-23.90

3 O o o o o o o O O O O O O o 0 O o X X 24.00-25.80

4 O o o o o o o O O O O O O o X X □1000 Δ100Β διοοο 25,90-27.90

5 O o o o o o o o O o O O O o X X o O X 28.00-30.30

6 O o o o o o o o O o O O O o X X O X X 30.4 0 -32.80

7 O o o o o o o o O o O o X X X X Δ100Λ Δ100Β Δ1000 32.90-37.60

8 o o o o o o o o o o O o X X X X O O X 35,70 -38.60

9 o o o o o o o o o o O o X X X X O X X 38.70 -41.40

10 o o o o o o o 0 o o X X X X X X Δ1000 Δ100Β Δ1000 41.50 -44.90

11 o o o o o o o o o o X X X X X X O O X 45.00—48.80

12 o o o o o o o o o o X X X X X X O X X 48.90 -52.40

13 o o o o 0 o o o X X X X X X X X ΔΙ0ΟΛ ΔΙ00Β Δ1000 52.50 -56.80

14 0 o o o o o o o X X X X X X X X O O X 56.90—61.7 0

15 o o o o o o o o X X X X X X X X O X X 61.80 —66.50

16 o o o o o o w<v X X X X X X X X Δ1000 Δ100Β ΔΙΟΟΟ 66.60 -72.20

17 0 o o o o o X X X X X X X X X X O O X 72.30 -78.30

18 0 o o o o o X X X X X X X X X X O X X 78.40—84/

(O tused, x :not used, □ :used exciianceably, Λ air.txl excltangii'ibly after being cut over)
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In the first place, products 20.5—22.1 mm in diameter

are manufactured using all the roll stands and all the stand

sets 100A~ 100C mounted in the sizing mills 101 — 103 as indi­

cated in the line of order 1 in Table 4.

In the next place, the stand set 100C in the sizing mill

103 is removed as shown in the line of order 2 and products

22.2 — 23.9 mm in diameter are manufactured. While these

products are manufactured, the groove on the roll in the

removed stand set 100C is cut over again into a shape ap- 

;·, propriate to form products 25.9— 27.9 mm in diameter.
9 9 » 9

Γ. Next, the stand set 100B of the sizing mill 102 is
9 9 9 9

; removed as shown in the line of order 3 and products 24.0—

25.8 mm in diameter are manufactured. While these products
4 £

*< r are manufactured, the groove on the roll In the removed stand 

set 100B is cut over again into a shape appropriate to form
< t

products 28.0— 30.3 mm in diameter.
* ti

Next, the stand set 100A of the sizing mill 101 is ex- 

changed for the stand set 100D prepared separately as shownt · f «
in the line of order 4. In the sizing mills 102 and 103 are 

mounted the stand sets 100B and 100C with rolls which have 

been appropriately cut over again. In this situation, the 

roll stands 13H and 14V are not used but all the stand sets 

100D, 100B and 100C are used. Thus, products 25.9— 27.9 mm in

diameter are manufactured.

Furthermore, an operation similar as that in the case of 

order 2 is carried out in accordance with the line of order 5
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and products 28.0~ 30.3 mm in diameter are manufactured.

While these products are manufactured, the rolls of the 

removed stand set 100C are appropriately cut over again so 

that the grooves of the rolls may have a shape suitable for 

manufacturing products 32.9~ 37.6 mm in diameter with use of

the stand set 100C in the next step.

Similar operations as mentioned above are repeatedly

carried out according to lines of order in Table 4 and

products of required diameters are formed in succession.

The work of exchanging rolls in a rolling installation,

in general, takes a relatively long time. Products of much

variety in diameter, however, can be obtained by the above

mentioned method with a less number of times of exchanging 

• ‘ roll stands. Moreover, the work of cutting rolls ap­

propriately over again takes a long time as well. According

to the present invention, however, this work can be carried

out while the roll stands are not used. Consequently, the 

rolling work need not be stopped for the work of cutting over 

and thus can be practiced efficiently.

In passing, Table 5 presents combinations of roll stands

in the case where products of variety in diameter are

manufactured by a conventional method.
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Table 5

order
stand number dimensions 

of products
Oil ov 111 2V 311 4V 511 6V 711 8V 911 10V nil 12V 1311 14V

1 o o o o o o o o o o o o o o O O 26

2 o o o o o o o o o o o o o o □ □ 28

3 o o o o 0 o o o o o o o o o □ □ 30

4 o o o o o o o o o 0 o o o o □ □ 32

5 o o o o o o o o o 0 o o □ □ X X 34

6 o o o o o o o o o o o o □ □ X X 36

7 o o o o o o o o o o o o □ □ X X 38

8 o o o o 0 o o o o o o o □ □ X X 40

9 o o o o o o o o o 0 □ □ X X X X 42

10 o o o o 0 o o o o 0 J □ X X X X 44

11 o o o o o o o o o o □ □ X X X X 46

12 o o o o o o o o o 0 □ □ X X X X 48

13 o o o o o o o 0 o o □ □ X X X X 50

14 o o o o o o o o □ □ X X X X X X 55

15 o o o o o o o o □ □ X X X X X X GO

16 o o o o 0 o o o □ □ X X X X X X 65

17 o o o o o o □ □ X X ki X X X X X 70

18 o 0 o o o o □ □ X X X X X X X X 75

19 o o o o 0 o □ □ X X X X X X X X 80

(O :used, X :not used, □ : interchangeably used or used with calibers reformed )
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In the case of this conventional method, diameters of

possible products can vary only stepwise. Besides, the work

of exchanging roll stands or of changing calibers is required

every time when the diameter of products is changed. These

works require to stop the rolling line and lower the ef­

ficiency in the rolling work. According to the above men­

tioned present invention, however, these points can be

solved.

As many apparently widely different embodiments of this

»· invention may be made without departing from the spirit andft ft• ♦ ft ft
;·, scope thereof, it is to be understood that the invention is• eft*
5 <”« not limited to the specific embodiments thereof except as• ft « f k
}’*"* defined in the appended claims.
tt f

t C f€ -.

C Ct v e < ft
i t t f t t ft t t

It ft 
« f1111

«
I t t t t t 
t €

ec
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A sizing mill including two roll stands arranged

along a planned passage line of a roll material,

each of said roll stands having

(a) a housing and

(b) a pair of rolls each of which is provided with a

groove on the circumferential surface thereof and is

rotatably mounted in said housing.

the axial direction of the roll In one of said roll

stands differing by 90° from that of the roll in the other of• ' ft*®
said roll stands and

9 9 · 9

Li? the groove on each of said rolls consisting of a bottom
«99«

ί ° «* surface which is a circular arc In cross section, the size of
• · 4

*· *«’ said circular arc being determined such that the angle made

by a line passing the center and one end of said circular arc
• 9 ·

*·’··’ and a line passing the center and the other end of said cir-
0 9 9

cular arc may be equal to a value selected in an interval 90 

·***’· ~ 140° , and of both side surfaces which are, in cross sec-« « W 9

tion, circular arcs of a radius larger than that of the clr- 

■« cular arc of said bottom surface or segments of line.
9 9
• 9 9 9

2. A sizing mill as set forth in claim 1 wherein said 

pair of rolls are mounted against said housing so that the 

rolls may displace close to or away from each other and each 

of said roll stands includes further an adjusting means for 

adjusting the spacing between said pair of rolls.
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3. A sizing mill as set forth in claim 1 wherein the

distance between the axial line of the roll in one of said

two roll stands and the axial line of the roll in the other

of said roll stands is less than thirty times the diameter of

said roll material.

4. A sizing mill as set forth In claim 1 wherein another

roll stand similar in construction to said roll stands and

arranged along said planned passage line of said roll

·· material is provided and the axial direction of the roll inft ftft v « ft
r. each of a series of said roll stands differs by 90° in orderft ft * ft
° ·“« from roll stand to roll stand.a · « « v
• ft ♦ *
» · t• ft

ft r «

'· 5. A method of rolling a roll material into a finished

material using a sizing mill which Includes three roll stands
tit

’«'«»* arranged along a planned passage line of a roll material,
l t t

each of said roll stands having a housing, a pair of rolls

provided thereon with respective grooves and mounted in saidft < ft ft
housing for rotation and mutual displacement and an adjusting 

>< means for adjusting the spacing between said pair of rolls,
< t
ft. t f f

the axial direction of the rolls in each of said roll stands

differing by 90’ in order from roll stand to roll stand, and

said groove on each of said rolls consisting of a bottom sur­

face which is an circular arc in cross section and has such a

dimension as the angle made by a line passing the center and

one end of said circular arc and a line passing the center

29



and the other end of said circular arc is equal to a value

selected in an interval of 90~ 140° and of both side surfaces

which are, in cross section, circular arcs of a radius larger

than that of the circular arc of said bottom surface or seg­

ments of line,

said method including a step to set the spacing between

the grooves on said pair of rolls in each of said roll stands

in accordance with the planned diameter of said finished

material and a step to pass said roll material into said roll

;·, stands where said spacings have been set. 
• «·»©
ft ft• ft• ft ft ft
ft ft *
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