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57 ABSTRACT 

A rolling mill is provided having a roll line made up of 
a plurality of successive three roll stands, each defining 
a pass, which line includes at least two sizing passes dis 
posed beyond a row of flat passes, the rolls of each siz 
ing pass having sizing grooves shaped so that the reduc 
tion in cross section of the work in the pass defined by 
the sizing grooves is at an analytical minimum when the 
work is in a non twisted state between passes. 

4 Claims, 3 Drawing Figures 
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1. 

ROLLING MILLS 

This invention relates to rolling mills and particularly 
to sizing passes for small-section rolling mills, such as 
wire rolling mills, having three-roller passes of which at 
least two sizing passes are provided beyond a row of flat 
passes, 

In previously proposed rolling mills of this kind, a 
plurality of round passes for sizing directly follow a row 
of flat passes, all the passes in the row being alternately 
angularly offset relatively to one another by half the 
pitch angle between the roller axes. To enable the 
work-material to be broadened, the round passes are 
open towards the roller gap, the size of the opening be 
coming smaller towards the last pass. The work 
material emerges from the last flat pass in the form of 
a hexagon whose cross section has three short sides and 
three long sides in an alternating order. The three long 
sides of the hexagonal cross section are produced by 
the working surfaces of the rollers of the last flat pass, 
while the three short sides are formed by slight under 
filling of the pass in the region of the gaps. When the 
work-material, provided with this cross section, enters 
the first sizing pass, there is the risk of the work 
material twisting between passes such that the short 
sides of the cross section lie in the pass openings lo 
cated in the region of the gaps. Similarly, there is the 
risk of the work-material twisting by half a pitch angle 
between the individual round passes, so that the por 
tion of the cross section, which has passed through the 
opening in the preceding round pass, again lies in the 
angularly offset opening in the next pass. This results in 
a surface finish marred by ribs which impair further 
processing. Moreover, twisting of the work-material re 
sults in a non-circular finished cross section, and the 
wear on the rollers is increased by non-uniform prog 
ress of the work-material through the passes. 
Attempts have been made to prevent twisting of the 

work-material by means of additional guides, although 
this measure does not always act in a reliable manner 
and it is also expensive. 
A feature of this invention is to design the calibrating 

passes such that stable, twist-free guidance of the work 
material is ensured. 
In accordance with the invention, the pass grooves in 

the sizing passes are so designed that the reductions in 
cross section achieved in the said passes are an analyti 
cal minimum when the work-material is in the non 
turned state. 

In rolling mills according to this invention, the cross 
section of the work-material is always placed in the fol 
lowing pass in the position in which it receives the mini 
mum reduction in cross section, i.e. it progresses 
through the passes without twisting. 
A large number of shapes are possible for the pass 

grooves in the rolling mill according to the invention. 
Preferably, the rollers forming the sizing passes have 
conic profiles which are disposed symmetrically of the 
bottom of the pass groove and which, alternating from 
pass to pass, have in the bottom of each pass groove a 
radius of curvature which is alternately greater and less 
than the distance between the centre of the pass and 
the bottom of the pass groove. 
The rollers can be readily provided with conic pro 

files by means of tools which may be manufactured by 
appropriate grinding of round steel. 
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2 
Alternatively, the rollers of the last but one sizing 

pass or, if four or five sizing passes are provided, the 
last but three of the sizing passes, may have an arcuate 
profile whose radius of curvature is greater than the 
distance between the centre of the pass and the bottom 
of the pass grooves. The arcuate profile has the advan 
tage that it is the simplest of all conic profiles to pro 
duce. However, the uneven numbered sizing passes, 
i.e., the last sizing pass and, if provided, the second 
from last and the fourth from last sizing passes, have to 
be formed by rollers whose profiles have a curvature 
composed of different radii of curvature, for example 
an elliptical curvature, the radius of curvature located 
in the bottom of the pass groove being the small circle. 
If an even number of sizing passes is provided, the first 
sizing pass following the row of flat passes may be dis 
posed without angular displacement relative to the last 
pass in the row of flat passes. 
However, when there is an even number of sizing 

passes and the first sizing pass has to be angularly offset 
relative to the last pass in the row of flat passes because 
of the arrangement of the roller drives, the last flat pass 
may be provided with a comparatively slight reduction 
such that, in the hexagonal cross section resulting in the 
said flat pass, the three sides of the hexagon abutting 
against the rollers are the shorter. 

Alternatively, however, the rollers of the last sizing 
pass may have an arcuate profile whose radius of curva 
ture must, of course, be smaller than the distance be 
tween the centre of the pass and the bottoms of the pass 
grooves. 

In the foregoing general description of this invention 
certain objects, purposes and advantages have been set 
out. Other objects purposes and advantages will be ap 
parent from a consideration of the following descrip 
tion and the accompanying drawings, in which: 
FIG. 1 diagrammatically illustrates the last pass in a 

row of flat passes in a rolling mill in accordance with 
the invention, 
FIG. 2 diagrammatically illustrates the first of two 

sizing passes in the rolling mill, and 
FIG. 3 diagrammatically illustrates the second or last 

sizing pass. 
In the embodiment illustrated in the drawings, suc 

cessive passes in a rolling mill, e.g., a rod mill, are de 
fined by three-roller stands arranged in a line with the 
passes, are alternately angularly offset relatively to one 
another by half a pitch angle, i.e., half the angle be 
tween the roller axes. Two sizing passes are provided 
beyond a row of flat passes. The hexagonal cross sec 
tion work-material emerging from the row of flat passes 
being rolled in the two sizing passes to a substantially 
round profile. The rollers are disc-like and in each 
stand, the three rollers are arranged with their axes at 
60 to one another. 
The last pass 10 of the row of flat passes is formed by 

three disc-like rollers 4, 6 and 8, whose perpheries only 
are shown and the strand or work-material leaves the 
last pass 10 with a hexagonal cross section which has 
three equal short sides and three equal long sides in al 
ternating order. The long sides of the hexagonal cross 
section are produced by the rollers 4, 6 and 8 defining 
the pass, while the short sides are produced by slightly 
under-filling the pass between the rollers in the region 
of the gaps 9 formed between adjacent rollers. 
The first sizing pass 12, illustrated in FIG. 2, is ar 

ranged immediately behind the last pass 10 and is 
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formed by three rollers 14, 26 and 18 each of which has 
a pass groove with an arcuate profile. The radius 20 of 
curvature of the roller profile is greater than the dis 
tance 22 between the centre 24 of the pass and the bot 
tom 26 of the pass groove. 
The first sizing pass, which is the last pass but one, is 

disposed beyond the row of flat passes such that the 
long sides of the work-material 2 of hexagonal cross 
section abut against the arcuate profiles of the rollers 
14, 16 and 18 while the short sides of the hexagon run 
into the pass 12 in the region of the gaps 9 located be 
tween adjacent rollers. In the illustrated embodiment, 
the first sizing pass 12 is not angularly offset relative to 
the last pass 10 in the row of flat passes. The cross sec 
tion of the work-material running through the sizing 
pass 12 is subjected to the minimum of deformation so 
long as it runs through the pass 12 in a non-twisted 
State. 
Referring to FIG. 3, the second or last sizing pass 34 

formed by the rollers 28, 30 and 32 is angularly offset 
relative to the preceding sizing pass 12 by half a pitch 
angle, i.e., by 60' the pitch angle being the angle be 
tween the normals to the roller axes. The profiles of the 
pass grooves of the rollers 28, 30 and 32 forming this 
pass have an elliptical curvature which is symmetrical 
about the bottom of the pass groove. The shape of the 
ellipse is such that the radius 36 of the small circle at 
the bottom of the pass groove is less than the distance 
between the centre of the pass and the bottom of the 
pass groove, the radius of curvature of the bottom of 
the pass groove corresponding to the small circle radius 
36 of the ellipse. 
When the last sizing pass 34 has such a configuration 

and is in this position, the reduction in the cross section 
of the work-material is again at a minimum so long as 
the work-material is in the non-twisted state, whereby 
the work-material is effectively prevented from twisting 
even in the last sizing pass. 

In another embodiment (not illustrated), three sizing 
passes are provided. In this case, the first sizing pass is 
angularly offset by half a pitch angle relative to the last 
pass in the row of flat passes, which might be more ad 
vantageous with respect to the arrangement of the 
drive mechanisms for the rollers and the direction of 
rotation, and, like the last sizing pass 34 illustrated in 
the drawings, has elliptical profiles in which the small 
circle of the ellipse is located in the bottom of the pass 
groove. The configuration and arrangement of the fol 
lowing sizing passes may be the same as in the case of 
the passes 12 and 34 of the previously described em 
bodiment. 

In a further embodiment (also not illustrated in the 
drawings), two sizing passes are provided as in the case 
of the grooving illustrated in the drawings. However, as 
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4 
a result of a given drive mechanism for the rollers, the 
first sizing pass, which has the same configuration as 
the pass 12 illustrated in FIG. 2, has to be angularly off 
set by half a pitch angle relative to the last pass in the 
row of flat passes. In this case, the last pass in the row 
of flat passes has to be designed such that only a slight 
reduction in the cross section of the work-material is 
effected in this pass. The three sides of the hexagonal 
cross section of the work-material abutting against the 
rollers thus remain shorter than the three sides of the 
hexagon facing the gaps between the rollers. In such a 
case, the reduction in the cross section is again a mini 
mum in the first and second sizing passes when the 
work-material is not turned or twisted. 

In the foregoing specification certain preferred em 
bodiments and practices of this invention have been set 
out, however it will be understood that this invention 
may be otherwise practiced within the scope of the fol 
lowing claims. 
What we claim is: 
1. A rolling mill comprising a roll line having a plural 

ity of successive three-roll stands each defining a pass 
line including a last flat pass intermediate the ends of 
the pass line having rolls with means to roll metal stock 
into a generally equilateral triangle having equally trun 
cated apices at all angles, at least two sizing passes dis 
posed after said last flat pass, the rolls of a first sizing 
pass having arcuate sizing grooves so shaped that the 
radius of curvature at the bottom of the groove is 
greater than the distance between the axis of the pass 
and the bottom of the groove and the rolls of a second 
sizing pass having arcuate sizing grooves shaped so that 
the curvature of the grooves is elliptical with the radius 
of curvature at the bottom of the groove being a 
smaller circle and being less than the distance between 
the axis of the pass and the bottom of the arcuate 
groove, said rollers of said first and second sizing passes 
being offset relative to one another by half a pitch an 
gle. 

2. A rolling mill as claimed in claim 1, wherein a plu 
rality of first and second sizing passes are provided. 

3. A rolling mill as claimed in claim 2, in which the 
number of sizing passes is even and in which the rollers 
of the first sizing pass following the row of flat passes 
is angularly symmetrical relative to those of the last 
pass in the row of flat passes. 

4. A rolling mill as claimed in claim 2, in which the 
number of sizing passes is even and all the stands are 
positioned in the line with; the rollers in adjacent stands 
angularly offset relative to one another, and in which 
the last flat pass is dimensioned to effect section trans 
verse a reduction of a metal stock having said truncated 
apices transverse to said rollers. 
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