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ABSTRACT: A method of cooling work rolls in a rolling mill 
is comprised of forming an axially extending passageway 
through the work roll and disposing a cooling medium within 

1 the passageway for limiting the temperature differences along 
the surface of the workroll. The cooling medium can be a 
solid member having a higher rate of thermal conductivity 
than the material of the work roll or a ?uid. The flow path of 
the ?uid cooling medium can be arranged for selectively con 
tacting only certain portions of the roll member within the axi 
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WORK ROLLS AND COOLING METHOD THEREOF 
SUMMARY OF THE INVENTION 
The present invention relates to work rolls and cooling 

method thereof. . 

When ?at products such as steel .strip oraluminum strip are 
rolled, work rolls of .a rolling mill are generally given a pro?le 
so-called “crown" in order to obtain ?atness of ?nished 
products. However, in case of continuous rolling, temperature 
differences take place in work rolls along the direction of roll 
axis so that the rolls are undesirably deformed due to heat. 

In other words, the thermal deformation is caused by heat 
due to friction at bearings of'the work roll, due to plastic 
deformation work, and heat‘transmitted from the work piece. 
For example, according to the temperature variation of roll 

observed from actual measurements on the temper rolling 
mill, the difference between temperature (A) at the middle 
portion ofthe work roll barrel and temperature (B) at the end 
portions of the work roll barrel ‘reveals itself to be about 10° 
C., after continuous rolling of 13 coils of material as shown in 
the diagram. In general when the temperature difference is 
over'about 10° C., ?atness of rolled products becomes worse, 
appearance of the ?nished products becoming unsatisfactory. 
The reason is that the reduction percentage by the temper 

rolling is comparatively low and the ‘temperature at .the end 
portions of the work roll barrel becomes higher .as compared 
with the temperature at the middle portion due to heat from 
work roll bearings by friction. Depending upon the kind of 
rolling mill, forlexample a .cold reduction mill, the tempera 
ture at the middle portion becomeshigher than .at the end por 
tions in which case ?atness of rolled products is also un 
desirably injured. 
The present invention is intended to overcome the above 

mentioned difficulties, andrelates to a'method for cooling .the 
work rolls and adjusting the temperature thereof which is 
characterized in that cooling‘medium is passedthrough a cool 
ing pipe or pipes inserted spacedly in the central lengthwise 
hole of the work roll, a method of cooling the work rollsand of 
adjusting the temperature thereof which is characterized in 
that cooling medium is passed through a cooling pipeor pipes 
spacedly inserted in the central lengthwise hole of the work 
roll, said pipe or pipes having openings or slits and .the like 
thereon in positions corresponding to a section or sections of 
the roll to be cooled to partially cool the roll or to cool one 

' section or sections of the work roll more than ‘the remaining 
sections and a method of adjusting the temperature .of the 
work roll which is characterized in that a heat-conducting 
medium is inserted in the central lengthwise hole of the work 
roll to contact partially or wholly with the wall of'said central 
hole and further relates toa work roll, characterized in that in 
order to prevent thermal deformation of the roll, the dif 
ference between temperatures at various portions of the roll is 
kept below about 10°C., and a central lengthwise hole is pro 
vided through thecentral portion‘of the roll, and in the hole, 
inlet and outlet .pipes for example, for passing cooling medium 
are provided by means of rotary joints, and further relates to a 
work roll, characterized in that in order to prevent thermal 
deformation of the roll, the difference between temperatures 
at various portions-of the roll is kept below about 10° C., and 
at the central portion of the roll, a central lengthwise hole is 
provided, in which hole, ‘there is inserted a heat-conducting 
medium in partial or whole contact with the wall of the ‘hole. 

Additionally, the ‘present invention relates to a joint device 
for connecting the rotary joint ,with the end of the to“ neck, 
which comprises .a ?ange ?xed on the end of the roll neck, a 
cylindrical member, said ?ange having partially screwed in 
side wall and said cylindrical member having partially screwed 
outside surface, whereby said cylindrical member is easily 
mounted or dismounted only by turning the cylindrical 
member. 
For example, along the axial direction of the roll there is 

provided a central lengthwise hole, in which hole a supply pipe 
of cooling medium extending from one end of the roll to the 
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2 
other is providedywhich pipe is'supplied with cooling medium 
in such a manner that the cooling'medium coming out at the 
end of the supply ‘pipe cools the roll, while ?owing through the 
space between the supply pipe and the roll, to be discharged at 
the rotary joint equipped with .a discharge pipe. in principle 
:the cooling medium can be flowed in reverse: through the 
space then through the pipe. In this case, it may be also so pro~ 
vided that, as mentioned above, the roll is cooled ‘by cooling 
medium ?owing from the end of ‘the supply pipe through the 
space between the supply pipe and the roll, or so provided 
that, for example, a number of holes are provided on the 
supplypipe in such a manner that the cooling fluid is jetted out 
through the holes. _ 

Thus, when the temperature in a section or sections of the 
roll becomes higher than that of other sections of the I'OllyIhIS 
high-temperature section or sections can be separately ‘cooled 
so .that the temperature difference in the roll is kept below 
about 10° C. 
For example, a supply pipe or pipes coaxially or in parallel 

are placed in the central lengthwise hole in such a position 
‘that the coolingmedium comes out from the pipe to the space 
between the pipe and the roll at the position corresponding to 
the "higher temperature section or sections of the roll, and then 
the cooling medium is led in'the discharge pipe after cooling, 
gathered altogether at the rotary joint part, and discharged 
from-the discharge pipe‘provided on therotary joint. 

‘Further, for'example, ‘a supply pipe for cooling?uid is pro 
vided extending from one end of the roll to the other end in 
such manner :that, .as mentioned'above, holes are provided so 
as to be able to supply the cooling medium to the positions of 
higher temperature. The size of each of these holes are so 
determined that the supply quantity of cooling medium is ‘con 
trolled according to the temperature ‘difference in order to 
keep ‘the temperature difference in the roll not higher than 
about ‘i 0° C. . _ 

The cooling medium after cooling may be either ‘thrown 
away or circulated by providing a separate cooling equipment. 
As the cooling medium, for example, water, air or the like 

may be utilized. _ 

As the sealing between the rotary joint and the roll, an 
adequate sealing mechanism such as hearing or the like is util 
ized.v 
Apart from the utilization of the above-mentioned cooling 

medium, in case, for example, the difference between tem 
peratures at the middle portion of'the roll and at the ‘end por 
tions of the roll is above about 10° C., along the axialdirection 
of the roll there-is provided a central lengthwise ‘hole, in which 
hole aiheat-conducting medium is inserted. The ‘heat conduct 
inglmedium inserted is so designed as to be broughtin whole 
contact with the inside wall of the roll, or partial contact with 
it at the positions having temperature difference to equalize 
the temperature through the roll barrel. For example, the 
heat-conducting medium is so designed that it contacts with 
the inside wall of the central lengthwise ‘hole at the ‘positions 
corresponding to the end .portions‘of the work roll barrel hav 
ing higher temperature and to the middle portion having lower 
temperature in order to give thermal connection between 
these portions, and the remaining positions of the heat-con 
ducting medium has a smaller diameter so that these portions 
do not contact with the roll. 

Thus, the heat at the end portions of the roll barrel are ‘ther 
mally connected through the heat-conducting medium to the 
middle portion having lower temperature of the roll, so that 
the temperature difference becomes remarkably small with 
the result that the thermal deformation due to the temperature 
difference may be prevented effectively. 

As mentioned above, the heat-conducting medium is pro 
vided in such a manner that it comes in contact with higher 
temperature portions and the lower temperature portions of 
the roll and does not'contact the other part of vthe roll; namely 
the roll and the heat-conducting medium contact with each 
other-at certain portions and does not contact at the remaining 
portions and it is quite effective to ?ll up the spaces formed 
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around the noncontacted portions, where the roll and the heat 
conductor are not in contact with each other, i.e. the spaces 
between the roll and the heat-conducting medium with heat 
insulation material such as rock wool or the like in order to 
prevent another temperature difference, by preventing the 
conduction of heat from the portion having higher tempera 
ture to the portion having intermediate temperature between 
said higher and lower temperatures. 
As the heat-conducting medium, a material such as copper, 

aluminum or the like, which has higher heat conductivity than 
the material of the roll can be utilized. 
The advantages, which may be obtained by utilizing the roll 

according to the present invention, are as follows. 
The thermal deformation due to the temperature difference 

in the work roll may be almost avoided, so that the yield of 
rolled products may be remarkably increased. 

Further, the frequency of roll exchange is decreased so that 
the delay time of the rolling mill can be remarkably reduced as 
well as the productivity can be greatly improved. 

Further advantages of the present invention are seen in the 
facts that, the work for exchanging the rolls is decreased due 
to the diminution of the roll exchange frequency, as well as it 
becomes unnecessary to prepare so many rolls for exchanges 
as usual, and the work for roll repair may be greatly eliminated. 
and so on. 

The present invention will be explained in detail referring to 
the attached drawings. I 

FIG. 1 is an explanatory diagram of the temperature varia 
tion in the work roll of a temper rolling mill. 

FIG.’ 2 is an explanatory drawing of an embodiment of the 
present invention in which cooling medium passage is pro 
vided by a pipe spacedly extending in the central lengthwise 
hole of the roll. 

FIG. 3 is an explanatory drawing of another embodiment of 
the present invention in which cooling medium passage is pro 
vided by a pipe having holes and extending in the central 
lengthwise hole of the roll. 

FIG. 4 is an explanatory drawing of another embodiment of 
the present invention in which cooling medium passage is pro 
vided by inlet and outlet pipes extending in the central 
lengthwise hole of the roll. 

FIG. 5 is an explanatory drawing of another modified em 
bodiment of the present invention in which a heat-conducting 
medium is inserted in the central lengthwise hole of the roll. 

FIG. 6 is a sectional view of the joint device for connecting 
the rotary joint with the end of the roll neck according to the 
present invention. 
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FIG. 7 is a cross-sectional view along the line A-A of FIG. 
6. 

EXAMPLE 1 

In FIG. 2 a central lengthwise hole 22, is provided in the 
work roll 21 of a temper rolling mill, and a water supply pipe 
23 is placed in the central hole 22 by means of rotary joint 24. 
Sealing of the rotary joint 24 and the end portions of the work 
roll 21 is done by a bearing seal 26 using a sleeve 27. A 
discharge pipe 28 is provided in the rotary joint 24. 

Cooling water is supplied by the water'supply pipe 23 and 
jetted from the end of the supply pipe 23 to cool the one 
higher temperature end portion 25' of the roll and passes 
through the space between the water supply pipe 23 and the 
work roll 21 ‘to cool the other end portion 25 of the roll. The 
water passes to the rotary joint>24 and is discharged from the 
discharge pipe 28. I, I 7 

Almost no temperature difference; between the higher tem 
perature end portions 25, ‘25’ and the lower temperature, and 
no deformation of therolllcrown due to the thermal deforma 
tion was observed middle portionof the roll in the after a con 
tinuous rolling of 10 coils with the work rolls cooled in this 
way. - 
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EXAMPLE 2 

In FIG. 3 a central lengthwise hole 22 is provided in the 
work roll 21 of a temper rolling‘rnill, and a water supply pipe 
23 having holes 29 at the positions corresponding to the 
higher temperature end portions 25, 25' of the roll 21 is 
placed in the central hole 22 by means of a rotary joint' 24. 

Sealing of the rotary joint 24 and the’ end portions of the 
roll 21 is done by a bearing seal 26 using a sleeve 27. A 
discharge pipe 28 is provided in the rotary joint 24. 

Cooling water is supplied by the supply pipe 23Iand, jetted 
from the holes 29 provided in the pipe at the positions cor 
responding to the end portions of the roll to cool these‘higher 
temperature portions, and passes through the space between 
the pipe 23 and the wall of the central hole of the roll to the 
rotary joint 24 and is discharged from the discharge pipe 28. 
Almost no temperature difference between the higher tem 

perature end portions 25, 25' and the lower temperature mid 
dle portion of the roll was observed and no deformation of the 
roll crown due to the thermal deformation was observed after 
a continuous rolling of 12 coils with the work rolls cooled in 
this way. 

EXAMPLE 3 

In FIG. 4, a central lengthwise hole 2 is provided, in the 
work roll 1 of a temper rolling mill while a water supply pipe 3 
is provided thereon, extending near an end portion 5 of the 
roll by means of a rotary joint 4. 
The water supply pipe 3 is equipped with holes 6 at the posi 

tions corresponding to the end portion 5, while a discharge 
pipe 7 is installed inside of the water supply pipe 3. The 
discharge pipe 7 is provided with holes 8 at the position cor 
responding to the middle portion of the roll so that the water 
coming out from the pipe contacts with the roll. 
At the lower end of the rotary joint, a discharge pipe 9 is 

provided. A bearing 1 1 equipped with sealing means'serves for 
the sealing the joint using a sleeve 10. 

Cooling water reaches the neck portion 5 of the roll through i 
the holes 6 of the water supply pipe 3, and cools the end por 
tions 5. Then the cooling water is cut off by walls 12a dividing 
cooling sections and led out at the discharge pipe a through 
the rotary joint. 
On the other hand cooling water further ?ows through the 

water supply pipe 3, and is discharged at the end thereof and 
there, cools the other end portion 5’ of the roll. Then the cool 
ing water is cut off by walls 12b led into the discharge pipe 7, 
and is brought in contactwith the roll 1 through the holes 8 of 
the discharge pipe 7 at the position corresponding to the lower 
temperature middle portion of the roll. In this way, since the 
cooling water, which has cooled the end portion 5' absorbing 
heat therefrom, comes in contact with the lower temperature 
middle portion of the roll, the difference between the tem 
peratures at the end portions 5, 5’ and the temperature at the 
middle portion of the roll becomes extremely small. 
Then, the cooling water which has been brought in contact 

with the lower temperature middle portion of the roll is led out 
from the discharge pipe 9 through the holes 8, the discharge 
pipe 7 and the rotary joint 4. 
The wall 12c is installed in order to prevent the cooling 

water from ?owing into sections where the temperature dif 
ference in almost out of question. The roll 1 rotates together 
with the sleeve 10. 
The walls 12a , 12b, 12c are fixed on the water supply pipe 

3, and an elastic material such as rubber not shown is provided 
at contact points of the walls 12a, 12b, 12c with the roll 1. 

Thirteen coils of material were rolled with above-mentioned 
rolls with the total rolling time of 75 minutes, and it was found 
that there was almost no difference between the temperatures 
at theend portions 5, 5' and the temperature at the middle 
portion of the roll, and any thermal deformation was not ob 
served. 
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EXAMPLE 4 

1 ln FIG. 5, at the central portion of the roll 5 of a temper 
rolling mill, a central lengthwise hole 2 is provided extending 
from one end of the roll to the other end, and a heat-conduct 
ing medium 15 made of copper is inserted in the hole 2 in such 
a manner that the heat conducting medium comes in contact 

with the higher temperature end portions 5, 5' of the roll 1 and 
the lower temperature middle portion of the roll 1, but does 
not contact the other portions of the roll, forming spaces 14 
there between, as shown in the drawing. 

Fifteen coils of material were rolled using the above men 
tioned rolls 1 with the rolling time of 84 minutes, and it was 
found that the difference between the temperatures at the end 
portions and the temperature at the middle portion was only a 
little, say 3° C. and any deformation of “crown” due to the 
thermal deformation was not observed. 

Now the novel jointing device for connecting the rotary 
joint with the end of the work roll shall be described referring 
to FIG. 6 and H6. 7. 
A ?ange 62 is attached on the end portion 61 of the roll R 

by means of bolts 64 with packing 63 therebetween. On the in 
side wall of the ?ange, screw threads 66 are formed at three 
portions equally spaced from each other, into which a rotary 
cylindrical member 65 is screwed and set by means of screw 

15 

20 

25 

threads formed at three portions equally spaced from each ' 
other on the outside of the cylindrical member. The screw 
threads on the inside wall of the ?ange 62 and on the cylindri 
cal member 65 are designed in such a manner that the cylin 
drical member 65 is screwed in the ?ange by turning the cylin 
drical member in the rotating direction of the roll so as to 
prevent the cylindrical member from being screwed out from 
the ?ange by the rotation of the roll. 

For setting the cylindrical member in the ?ange, the screw 
thread portions of the cylindrical member are mated with the 
grooves 68 on the inside wall of the ?ange and the cylindrical 
member is insertedtin the ?ange operating the handle 67 at 
tached to the cylindrical member 65. And the cylindrical 
member is turned to set the screw threads of the cylindrical 
member with the screw threads 66 of the ?ange 62 by turning 
the handle 67. 

For disengagement, the cylindrical member is turned 60° in 
reverse direction to mate the screw threads of the cylindrical 
member 65 with the grooves 68 of the ?ange 62 and then the 
cylindrical member is drawn out from the ?ange. 

In the drawings, 69 is a small ?ange having an O-ring 
packing 610 and attached to the cylindrical member 65. 

This ?ange is engaged water tight with the ?ange to prevent 
the leakage of cooling water. 
The cooling water from the rotary joint ?ows through the 

water supply pipe 611 into the end portion and the inner por 
tions of the roll and passes through the space 612 between the 
cylindrical member and the water supply pipe and is 
discharged outside the roll through the rotary joint. 
By the above design, the rotary joint is easily and promptly 

mounted or dismounted, and a very ?rm connection can be as 
sured without threat of leakage of the cooling medium, and 
the supply‘of cooling medium into the work roll can be effec 
tively done, thus saving much of the labor and time required 
by the connecting work, and increasing the productivity of the 
rolling mill. 
We claim: 
I. A work roll for use in a temper rolling mill for rolling steel 

sheet material and the like comprising an axially extending 
cylindrically shaped member having a pair of axially spaced 
circumferentially extending end parts arranged to be posi 
tioned in frictional engagement within work roll bearings and 
a circumferentially extending intermediate part disposed 
between said end parts and arranged to contact the steel sheet 
material passing over the work roll, said member having a 
bore extending in the axial direction therethrough from one 
said end part to the other said end part, the bore in said 
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member being closed at one end within the other said end part 
and extending for substantially the entire axial length of said 
member from one said end part to the other said end part, 
conduit means for conveying a cooling ?uid through said bore 
and out of contact relationship with the surface of said bore 
and for discharging the cooling ?uid into said bore into direct 
contact with the material forming said member which contacts 
the steel sheet material for maintaining the temperature of the 
surface portions of said member within a range of about 10° 
C., said conduit means comprising a first conduit extending 
through and centrally positioned within said bore in spaced 
relationship with the surface of said bore for forming an annu 
lar space therebetween for supplying a cooling ?uid from said 
first conduit into the annular space for passage over the sur 
faces of said member within said bore so that the cooling ?uid 
is in direct contact with the material of said member which 
contacts the steel sheet material passing over the work roll, 
and a second conduit coaxially arranged within and spaced in 
wardly from said ?rst conduit forming an annular space 
therebetween, said second conduit having a ?rst end and a 
second end, the first end of said second conduit located within 
the bore spaced outwardly from the end of said first conduit 
adjacent to closed end of the bore, and the second end of the 
said second conduit disposed outwardly from said bore 
whereby cooling medium ?ows into the bore through said ?rst 
conduit and after its passage therethrough to the closed end of 
the bore is admitted into said second conduit for passage 
therethrough and eventual discharge from said member. 

2. A work roll, as set forth in claim 1, :wherein transversely 
arranged pipe sections are secured to and are in communica 
tion with the interior surface of said second conduit at one end 
and extend through the annular space between said second 
conduit and said ?rst conduit and are secured at the other end 
into said first conduit for circulating cooling ?uid between 
said second conduit and the annular space located between 
said first conduit and the surface of said bore. 

3. A work roll as set forth in claim 2, wherein a plurality of 
transversely arranged annular-shaped plates are disposed 
between the outer surface of said ?rst conduit and the surface 
of said bore at spaced positions 'therealong for forming a plu 
rality of separated circumferentially extending compartments 
in the annular space. 

4. A work roll for use in a temper rolling mill for rolling steel 
sheet material and the like comprising a longitudinally extend 
ing cylindrically shaped member having an axially elongated 
circumferentially extending intermediate portion arranged to 
contact the steel sheet material and a pair of circumferentially 
extending end portions on opposite sides of said intermediate 
portion and arranged to be positioned in frictional engage 
ment with work roll bearings, said member having a bore ex 

’ tending axially therethrough and closed at one said end por 
tion of said member, a conduit for supplying cooling ?uid into 
said bore and disposed centrally therein and extending 
therethrough in spaced relationship with the surface of the 
bore for forming an annular space therebetween, said conduit 
having one end located exteriorally of the bore and the other 
end located adjacent to and spaced from the closed end of the 
bore, a joint member secured to said member at the open end 
of the bore therethrough, said joint member comprising an an 
nular shaped ?ange disposed about the open end of said bore 
and secured to one of said end portions of said member, a 

" cylindrical member arranged to be selectively disposed in 
65 

75 

threaded engagement with the inner surface of the opening in 
said ?ange, said cylindrical ,member spaced outwardly from 
said conduit and forming an annular space therewith for 
receiving the cooling fluid ?owing outwardly from the annular 
space in the bore about said conduit, and means for forming a 
seal between said ?ange and said cylindrical member to 
prevent leakage therebetween of the cooling medium ?owing 
within the annular space in said bore. 

5. A wall member, as set forth in claim 4, wherein said 
?ange having spaced circumferentially extending threaded 
sections on the inner surface within its opening, said cylindri 



7 
cal member having similarly arranged spaced threaded sec 
tions on its exterior surface for engagement with the threaded 
sections on said ?ange, so that by positioning said threaded 
sections on said cylindrical member between the threaded sec 
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8 
tions on said ?ange said cylindrical member can be disposed in 
threaded engagement with said ?ange by rotating its threaded 
sections into engagement with the threaded sections of said 
?ange thereby securing said cylindrical member in place. 


