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With these and other objects in view the invention 
consists in the method and apparatus for heating thick 
walled tubular rolling mill rolls as herein illustrated and 
described and particularly defined in the appended claims. 
The various features of the invention are illustrated in 

the accompanying drawings in which: 
Fig. 1 is a diagrammatic illustration of one set of 

rolling mill rolls in a cold rolling sheet mill showing a 
method of applying very high rolling pressure to a sheet 
of steel being rolled; 

Fig. 2 is a curve diagram illustrating the hardness of 
a tubular roll ten inches in diameter; 

Fig. 3 is a diagrammatic sectional view of a hardening 
furnace for treating tubular rolls; 

Fig. 4 is a diagrammatic sectional view of a furnace 
for tempering a tubular roll; - 

Fig. 5 is a view in side elevation of an electrical re 
sistance heater for use in the central bore of the roll to 
control the heating of the inside of the roll; and 

Fig. 6 is a wiring diagram illustrating instruments for 
automatically controlling the electrical heater to develop 
desired temperatures in the roll bore. 
The present invention is particularly adapted for tem 

pering rolling mill rolls for rolling sheet steel. Due to 
the tremendous pressure which is applied to such rolls, 
particularly when cold rolling, a very accurate tempering 
of the roll is required. In Fig. 2 is illustrated a curve 
showing the hardness of a roll tempered by the method of 
the present invention which is especially adapted for cold 
rolling of sheet steel. Although the curve shows only 
the hardness characteristics of the roll, other physical 
properties must be developed in the roll by the tempering 
operation in order to have a roll which is satisfactory 
for the cold rolling operation. For example, the initial 
hardening operation also develops the strength of the roll. 
This hardening operation places stresses within the roll 
which are relieved during the tempering operation but 
the tempering must be controlled to retain hardness and 
toughness along with high tensile strength and high yield 
strength. The curve shows that the outside wall has a 
hardness of about 66 Rockwell C hardness while the in 
side hardness of the bore is about 63 Rockwell C which 
preferably should be 2 to 3 points Rockwell C hardness 
lower than the outside surface. The curve also shows 
that the entire body of the roll is comparatively hard and 
that the minimum hardness of the interior portion of 
the roll lies in the range of 28 to 32 Rockwell. The roll 
from which the curve of Fig. 2 is developed had hardness 
measured at one sixteenth inch increments and shows 
that the outside hardness slowly dropped so that the 
hardness at a depth of one half inch from the surface is 
60 Rockwell C and the hardness at the bore remained at 
substantially 63 Rockwell C hardness for a depth of one 
quarter inch from the surface of the bore. The gradual 
change in the slope of the hardness curve obtained by 
the tempering method of the present invention insures 
a roll of great strength and toughness. 
The curve of Fig. 2 is typical of the hardness of a roll 

ing mill roll which is tempered for high pressure rolling 
and which is made of a particular steel alloy. It will be 
understood that this curve may differ for rolls made of 
different steel alloys and adapted for rolling of different 
types of metals. The general characteristic of the curve 
however will be the same in that the entire roll will be 
hardened, the outside surface will have a minimum 
hardness which extends into the roll at least one inch on 
the diameter and the hardness at the core will extend into 
the roll at least 4 an inch on the diameter. 

In producing the roll described above, a two stage ?? 
eration is carried out namely; a hardening stage anda 
tempering stage. A furnace for carrying out the harden 
ing operation is illustrated in Fig. 3. The furnace 10 has 
refractory walls and is comparatively tall to harden a 
roll 11 which is 6 to 24 feet long while standing on an end 
of a rotary table 12. A row of tangentially firing vertical 

4. 
ly arranged burners 13 is arranged at each side of the 
diameter of the furnace, which inject combustion gases 

O 

tangentially into the furnace and around the roll. Such a 
furnace is illustrated and described in Ferree Patent No. 
2,089,829, granted August 10, 1937. As the gases circu 
late around the roll they pass up through the furnace and 
exhaust through a stack 14. The roll is preferably ac 
curately centered on the table 12 and is continuously ro 
tated by a worm drive during the heating operation in 
order to develop a uniform surface heat in the roll. 
A temperature of 1,425 F. to 1,650 F. is developed in 
the outside wall of the roll by the heating with the 
burners 13. At the same time the roll is heated in the 
bore in order to obtain a sufficiently high temperature 
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carefully designed to substantially fill the bore. 
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through the body of the roll to harden and strengthen the 
roll. . . 

The heating on the inside or in the bore of the roll is 
carried out by means of an electrical heater 15, which is 

In fact 
the outside wall of the heater may rub against the bore 
wall of the roll as the roll is rotated. The temperature de 
veloped by the electrical heater preferably raises the tem 
perature of the wall surface of the bore to a temperaturc 
of 30 to 100 F. less than the temperature developed in 
the outside wall of the roll. This simultaneous controlled 
heating from the inside and on the outside of the roll 
continues until a substantially straight line temperature 
gradient extends through the entire body of the roll from 
the outside to the wall of the bore. The two sources of 
heating provide a control by which the slope of the tem 
perature gradient may be accurately controlled. Further, 
this temperature control may secure a uniform tempera 
ture through the body of the roll from the outside to the 
bore. 

After the roll has been brought to the proper hardening 
temperatures, a cover 16 on top of the furnace is removed, 
The roll transported to a quenching apparatus and water 
is applied uniformly to the outside and the inside of the 
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roll simultaneously to quench the roll to develop the hard 
ness and strength therein. The application of water to. 
the inside and outside of the roll continues until the tem 
perature is brought below 300 F. and the water is cut 
off. It is important in the quenching operation that the 
water must be applied in uniform distribution throughout 
the surface (both inside and out) of the rol. it will be 
understood by reference to the curve of Fig. 2 that al 
though the hardness of the roll from the outside wall to 
the wall of the bore is not uniform, the radial sections of 
the roll have a uniform temper from one end of the roll 
to the other end. 

After the roll has been quenched and hardened the rol 
is put into a tempering furnace to develop the desired 
finished hardness and to remove stresses put in the roll 
during the hardening operation. 
The tempering furnace is illustrated in Fig. 4. This fur. 

nace 17 is a refractory lined vertical cylindrical furnace 
which is sufficiently tall to support the rolls 6 to 24 
feet long on end. The roll 11 is supported on a rotary 
table 18 which may be driven by a worm gear operating 
shaft 19. For heating the outside of the roll a burner 20 
is mounted at the bottom of the furnace and arranged to 
deliver hot gases to a blower 22 which circulates the 
gases through a line 21 to the top of the furnace 17. The 
heating gases are circulated down around the roll as the 
roll is continuously rotated and the gases are drawn out 
of the bottom of the furnace through a conduit 23. The 
hot gases entering the conduit 23 are forced by means of a 
blower 22 back through an inlet line 21 to the furnace. 
The burner is controlled to supply heated gases in suffi 
cient volume to maintain the desired temperature of gases 
for heating the outside of the roll. The blower 22 main 
tains a uniform flow of heating gases in a closed cycle cir 
culation through the furnace and back to the blower. A 
predetermined pressure is maintained in the furnace and 
to provide for the heated gases that are introduced by the 



burner 20, a controlled proportion of the gases are ex 
hausted through an outlet stack damper 24. The out 
side temperature of the roll during the tempering opera 
tion is raised to and maintained at a temperature be 
tween 250 F. and 1,150 F. in accordance with the hard 
ness to which it is desired to maintain in the roll. A 
low tempering temperature will reduce the hardness of a 
roll only slightly and a higher temperature tempering 
operation will materially reduce the hardness of the roll 
from the initial hardness that is developed in the harden 
ing furnace 10. 

While the roll is being heated on the outside in the 
furnace 17 for the tempering operation, the roll is also 
heated on the interior by means of an electrical heater 15 
which is the same type of heater as that illustrated and 
used in the hardening operation. This electrical heater 
is controlled so that the temperature developed on the 
surface of the bore will be from 10 to 100 F. higher 
than the outside surface temperature of the roll. In this 
way the hardness of a roll in the bore will be several de 
grees Rockwell C hardness lower at the bore surface tham 
on the outside surface of the roll and will greatly de 
crease the existing strain. The tempering operation 
is carried on for sufficient length of time for the heat 
to penetrate through the body of the roll to develop a 
straight line temperature gradient from the outside to 
the inside of the roll. This heating operation may con 
tinue from 3 to 60 hours or more in accordance with the 
size of the rolls in order to develop a temper condition 
throughout the length of the roll and developing the 
necessary strength, toughness and hardness in the roll. 
The burner 20 is preferably a gas burner but an oil 
burner may be used for this heating operation. The tem 
pering is controlled in accordance with thermocouples 
25 which are mounted in the top and bottom of the fur 
nace in order to provide a uniform heating condition 
in the furnace. 
When the roll surfaces have been brought to the prop 

er temperatures and maintained at the several tempera 
tures for a sufficient time to relieve the stresses in the steel 
while producing the hardness desired, the roll is quenched 
by cutting off the supply of heat to the outside and in 
side of the roll. Air is circulated through the furnace 
around the roll and through the bore to gradually bring 
the temperature of the roll down to at least 400 F. 
If the tempering temperature is below 450 F. then the 
cooling is carried out to reduce the temperature of the 
roll about 50 degrees below the tempering temperature. 
Then the roll may be removed from the furnace. During 
the quenching stage of the roll tempering operation the 
cooling gases of air are circulated by means of the blower 
22 from the bottom of the furnace through the conduits 
23 and 21 to the top of the furnace and around the roll. 
At the same time a valve 26 in line 27 is opened to pass 
cooling gases from the bottom of the furnace through the 
line 27 into the blower to return to the top of the fur 
nace. Part of the cooling gases passing into the top of 
the furnace through the line 21 pass down through the 
bore of the roll. Preferably the electric heater is re 
moved from the roll bore before the quenching operation 
is started. A valve 21 is mounted in the line 27 to con 
trol the volume of cooling gases passing through the roll 
bore. When the inside of the roll is being heated by 
electrical heater 5 the valve 27 is closed. 

In Figs. 3 and 4 are illustrated the use of an electri 
cal heater for developing the desired temperatures in the 
bore of the roll. Although it is preferred to use electri 
cal heating on account of the accuracy of the control of 
the temperature and on account of the concentration of 
the heat with the electrical heater, it has been found that 
the heating may be accomplished by means of products of 
combustion. As shown in Fig. 4 this bore heating op 
eration may be accomplished by means of a gas or oil 
burner. 

For the hardening operation the outside of the roll is 
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2,831,789 
heated by gas as described above. Simultaneously the 
inside of the roll is heated by hot gases supplied by a 
gas burner which would be applied to the furnace 10. 
This heating apparatus consists of a burner 28, a line 27, 
biower 22, and line 21 as illustrated in Fig. 4. Hot 
gases from burner 28 pass into line 27 and then into the 
bottom of the bore of a roll in furnace 0. Combus 
tion gases from the top of furnace 10 pass out through 
line 21 and are circulated by blower 22 back through 
line 27 to enter the bore of the roll. The mixture of 
exhaust gas and fresh products of combustion may be 
controlled by valve 26 and the operation of the burner 
28. During this operation most of the gases would ex 
haust through the outlet 14. 

For the tempering operation when heating the bore of 
the roll by gas or oil the outside of the roll is heated by 
gas as above described. The electrical heater shown in 
Fig. 4 is omitted. Hot gas from the burner 20 is Sup 
plied to the top of the furnace by blower 22 for heating 
both the bore and outside of the roll. At this time the 
valve 27' is open and the volume and indirectly the tem 
perature of the gases passing down through the bore is 
controlled by the valve 27". At the same time the blower 
22 draws gas through the line 23 for circulation around 
the roll. The gas pressure in the furnace 7 during the 
tempering operation is controlled by the valve 24. 
When heating a reli bore by gas a comparatively small 

volume of heated gases may pass through the bore, so 
that the temperature of the heating gases must be com 
paratively high and thermocouples must be positioned 
against the surface of the bore for measuring the tem 
perature. Furthermore, the velocity of heating gases must 
be high by circulation of gases by the blower 22 through 
lines 2 and 27 in order to carry sufficient heat into the 
roll through the bore to develop the desired temperature 
on the inside of the rol. 
The construction of the electrical heater is shown more 

particularly in Fig. 5. This heater consists of a plurality 
of connected strands of ineat resistance wire 29 which are 
mounted in a heat resistant cage 33. For heating rolls 
with a small bore two strands of resistance wire 29 are 
all that can be conveniently located within the cage 30. 
With heaters for operation in larger bores from two to 
ten or more strands of heat resistance wire may be lo 
cated in the cage for the purpose of developing the de 
sired temperature. The cage is made up of outside guard 
rods 3 which are accurately held in spaced position by 
a series of metal disks 32. Insulators 33 and 34 are 
mounted at each end of the cage to insulate the resistance 
wires 29 from the cage. A junction box 35 is mounted 
at the upper end of the heater which carries the electricai 
conductors 36 connected with the resistance wires 29. 
The junction box noi'naily positioned above the top of 
the furnace and conductors 36 pass from the box 35 for 
connection with an electrical power source (not shown). 
For the purpose of indicating the operation of the elec 
trical heater one or more thermocouples 37 are mounted 
in a tube 38 located in the center of the cage and extend 

as 

ing through the junction box to a head 39. The thermo 
couples 37 are connected with electrical conductors 40 
which pass through the tube 38 and head 39 and thence 
to a measuring instrument or meter 43 (Fig. 6). The 
meter 4 may be a direct reading meter for indicating 
the temperatures of the thermocouples. 
The thermostats 37 in the tube 38 may be used for 

determining the temperature of the roll at the bore sur 
face. To check the bore surface temperature, a switch 
44 (Fig. 6) on the heating conductors 40 is opened and 
when a temperature indicator needle in the instrument 
4 becomes stabilized the temperature of the bore sur 
face is indicated. The temperature indicating instrument 
will become stabilized in a period of ten to twenty min 
teS. 
Preferably the heating by the electrical heater is con 

trolled automatically to maintain a desired temperature 
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within the bore of a rol. To accomplish this a well 
known type of temperature indicator 41 is used which is 
provided with manually adjustable temperature contacts 
that may be set to energize, through conductors 42, a re 
lay 43 at predetermined temperatures to operate a switch 
44 that controls the heating current flowing through the 
conductors 36 and resistance wires 29. In this way a de 
sired temperature may be developed in the electrical 
heater in accordance with the type of electrical resistance 
wires used in building the electrical heater. It has been 
found that with an electrical resistance wires capable of 
operating at temperatures of approximately 1800 F. a 
temperature of 1600 F. to 1700 F. may be developed 
in the heater without destroying the resistance wires. It 
is important therefore to have an accurate controlling 
instrument so that the electrical heating circuit can be 
controlled to accurately develop the desired temperature. 
Some rolling mills have been developed for rolling 

wide sheets. Such rolling mills require rolls that may 
have an over all length of 24 feet. When providing for 
the bearing necks it may be that the working body surface 
of the rolls will be 14 feet long and therefore heaters 

- which are adapted for heating this type of roll must be 
at least 16 feet long. That is, the heater extends into 
the bore of the neck of the roll at least one foot each side 
of the working surface of the roll. This requirement of 
long heaters requires the use of several thermocouples for 
securing an accurate temperature of heating throughout 
the length of the bore of the roll. With bores of three 
inches to 7 inches in diameter it will be seen that the 
electric heating apparatus is quite compact in form but 
the heating obtained by the electric resistance develops 
'a uniform temperature in the resistance wire and this 
heated wire acts to heat the inside of the bore by convec 
tion and radiation to develop the desired temperatures in 
the roll. 
When the inside of the roll is heated by gas it is neces 

sary to use thermocouples within the bore of the roll in 
order to control the fue supply to the burner 28 and 
also to control the operation of the blower 22 to obtain 
the desired volume and velocity of heating gases. Ther 
mocouples are also used in the furnace 10 for controlling 
the operation of the burners 13 in developing the harden 
ing heat. 
The burners 13, 20, and 28 have been illustrated and 

described as gas burners. It will be understood that oil 
burners are well adapted for the type of heating used in 
tube tempering. Further solid fuel, such as coal and 
coke, may be used as fuel for generating combustion 
gases for heating the outside of tubes, rolls and the like. 
As outlined above the backup rolls are º larger in diam 

eter than working rolls. Therefore a longer period of 
heating is required for both the hardening and the tem 
pering operation. It is necessary to control the heating 
and quenching for the hardening and tempering opera 
tions for backup rolls just as accurately as the heating 
and quenching in the treatment of working rolls. The 
hardening temperatures of heating for backup rolls are 
lower than for work rolls but much care must be used 
in tempering the backup rolls to develop a high strength 
and toughness. 
The present invention is useful for tempering cannons, 

large rifle barrels and thick walled bushings. Such arti 
cles may require that the surface of the bore shall be 
harder than the outside of the tubular article. The use 
of simultaneous inside and outside heating may develop 
any desired hardness on the inside and outside surface of 
tubular articles. 
The preferred form of the invention having been thus 

described, what is claimed as new is: 
1. A method of tempering thick walled tubular arti 

cles comprising uniformly heating the outside of the arti 
cle with products of combustion to raise the temperature 
of the outside of the roll in the range of 1425 to 1650 
F., simultaneously applying a separate source of heating 
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8 
to the inside bore of the article to raise the temperature 
of the inside of the article in the range of 1395 to 1550 
F. and to maintain a temperature gradient between the 
inner bore surface and the outside surface so that the 
outside surface is always 30 to 100 F. higher than the 
bore surface temperature holding the article under heat 
until the entire body of the roll is raised above its critical 
temperature, quenching the article on the outside and in 
the bore rapidly and uniformly to obtain a deep penetrat 
ing hardness in the outside and the inside surfaces of the 
article to cool the article below 300 F., thereafter tem 
pering the article to relieve stresses by separately con 
trolled heating on the outside and in the inside of the 
bore to develop temperatures in the range of 250 to 
1150 F. on the outside surface and the inside surface at 
10 to 100 F. above the outside surface, continuing the 
drawing heating for a period of hours to relieve the strain 
in the article then cutting off the heat and quenching the 
article in the furnace with the circulation of cooling air 
and combustion gases until the medial body temperature 
of the article is reduced at least 50 F. below the temper 
ing temperature. 

2. A method of hardening a thick walled tubular 
article comprising uniformly applying heat to the outside 
surface of the tube while standing on end in a furnace 
to raise the temperature of the outside of the tube in 
the range of 1425 to 1650 F. simultaneously applying 
a separate source of heat through the bore of the tube to 
raise the temperature of the bore surface above the 
critical temperature in the range of 1395 to 1550 F. 
continuing the controlled heating to develop a straight 
line temperature gradient from the outside to the inside 
of the tube with the inside temperature 30 to 100 F. 
below the outside temperature and rapidly applying 
quenching water simultaneously to the inside and outside 
surface to quickly reduce the medial temperature of the 
tube below 300 F. 

3. A method of tempering a tubular article which has 
been hardened as defined in claim 2 comprising applying 
heat to the outside surface of the tube while standing on 
end in a furnace, to uniformly raise the temperature of 
the outside of the tube in the range of 250 to 1150 F., 
simultaneously applying a separate source of heat through 
the bore of the tube to raise the temperature of the in 
side of the bore in the range of 260 to 1250 F., con 
tinuing the controlled heating for a sufficient period to 
develop a straight line temperature gradient from the 
inside to the outside of the tube walls with the inside 
temperature 10° to 100° higher than the outside tem 
perature, thereupon quenching the tube by the circula 
tion of gases through and around the tube to uniformly 
cool the tube walls to a temperature about 400 F. or 
about 50 below the temperature of final heating if the 
final heating temperature is below 400 F. 

4. The method of tempering tubular rolling mill rolls 
as defined in claim 3 in which the rolls stand on end and 
are heated by a cyclic circulation of hot gas passing 
down around the rolls from top to bottom. 

5. The method of tempering tubular rolling mill rolls 
as defined in claim 3 in which the rolls are brought to 
temperature when using hot gaseous products of com 
bustion and air quenched by passing the heated gases 
and cooling air down through and around the rolls when 
standing on end. 

6. The method of tempering tubular rolling mill rolls 
as defined in claim 3 in which the rolls are brought to 
a hardening temperature by passing hot gases of com 
bustion upwardly around the outside of the roll while 
heating the inside of the roll with electrical resistance 
heating, quenching the heated roll with water to harden 
it, then heating the hardened roll to a tempering tem 
perature by passing hot gases downwardly around the 
outside of the roll while simultaneously heating the in 
side of the roll with electrical resistance heating, then 
quenching the roll by circulating air downwardly around 



2,831,789 
9 

and through the roll to develop hardness and relieve 
stresses in the roll. 

7. The method defined in claim 1 in which the heating 
on the inside of the bore is carried out by electrical re 
sistance heating. 

8. The method of tempering tubular articles as defined 
in claim 1 in which the heating in the bore of the article 
is carried out with a separate cyclic circulation of prod 
ucts of combustion of a fuel. 

9. A metal rolling mill roll hardening method as de 
fined in claim 1 in which the heating in the hardening 
operation is carried on for a period which will produce 
a substantially straight line temperature gradient through 
the roll while raising the outside of the roll to a tem 
perature which when the roll is quenched rapidly will 
produce a hardness of 58 to 66 Rockwell C hardness 
which extends into the roll for a distance greater than 
one inch on the diameter of the roll. 

10. A rolling mill roll tempering method as defined in 
claim 1 in which the hardening and tempering tempera 
tures are controlled to provide a thick waled roll such 
that the minimum hardness of any portion of the roll 
between the outside and inside surfaces is greater than 
28 Rockwell C and the hardness of the sections extend 
ing inwardly from the inside and outside surfaces has a 
Rockwell C hardness between 55 and 66 with the hard 
ness of the inside section being two to three points Rock 
well C less than the outside section. 

11. The method of uniformly hardening the inner and 
outer surfaces of thick walled tubular steel articles of 
the character described, comprising separately heating 
the entire inner and outer surfaces of the article until 
the entire body thereof is above the critical temperature 
and having a decreasing temperature gradient of 30 to 
100 F. between the outer surface and the inner surface, 
uniformly quenching the entire inner and outer surfaces 
thereof until a medial body temperature less than the 
tempering temperature is obtained, reheating the article 
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by separate applications of heat to the inner and outer 
surfaces until the outer surfaces are at tempering tem 
perature, continuing heating of the inner surface to at 
least 50 F. above the tempering temperature while main 
taining the outer surface at tempering temperature, main 
taining said temperatures to establish a uniform tem 
perature gradient between the inner and outer surfaces, 
then cooling the article until the medial body temperature 
is at least 50° F. below tempering temperature by con 
trolled circulation of a cooling gas in contact with the 
inner and outer surfaces thereof. 

12. A method of uniformly hardening the inner and 
outer surfaces of a steel work roll as defined in claim 11 
wherein the roll is initially heated to 1500 to 1650 F. 
in the outer surface before quenching, is reheated to a 
tempering temperature of 250 to 1050 F. on the outer 
surface, and has a hardness differential of about three 
points Rockwell C between the inner and outer surfaces 
thereof after cooling. 

13. The method of uniformly hardening the inner and 
outer surfaces of a steel alloy back up roll as defined in 
claim 11 wherein the roll is initially heated to 1450 to 
1600 F. in the outer surface before quenching, is re 
heated to a tempering temperature of 390 to 1090 F. 
on the outer surface, and has a hardness differential of 
about three points Rockwell C between the inner and 
outer surfaces thereof when cooled. 
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