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My invention relates to improvements in
hot-mill structure and operation. The ob-
jects in view are diminution of loss due to the
breaking of rolls, improvement in the quahty
5 of and x)arucuhrly in the uniformity in the
thickness of the rolled material, and enlarg-
ing the practical limits upon the size to which
the sheets of material may be rolled. The
gaining of these ends effects obvious improve-

1# ments in product and economies of operation.

In the accompanying drawings Fig. Lisa
view in elevation and Fig. IT a view in plan
of a hot-mill in which and in the operation
of which my invention is embodied and
achieved. Fig. 11T is a diagrammatic view,
in which the Tolls of the mill are indicated,
i position corresponding to Fig. I, and cer-
tain shields in which my preqent invention
is in part embodied are shown in ver‘mc‘ll and
Tigs. IV, V, and VEshow
one of the shields in detail ; I‘lg. IV is a view
of the shield in rear elevation, Fig. V a view
in approximately horizontal and edial sec-
tion, (indicated at V—V, Fig. III) and Fig.
a view in front elevation.

A hot-mill is a steel mill for rolling light
plates and sheets of steel. Its characteristic
1s that during the rolling operation its rolls
are not, as are the rolls of a plate mill, cooled

80 by streams of water poured upon them. In

preparation for the rolling operation the
rolls are heated to a temperature approximat-
ing, though somewhat less than, the tempera-
ture of the material to be rolled and the heat
which the rolls in the progress of the rolling
operation take up, is given off again mﬂrely
by radiation to the surrounding air. A typi-
cal pr ocedure in hot-mill ODeratlon as hither-
to practiced, is as follows : From forty to fifty ¢
bars cut to proper loncrth are charged into a
har heating furnace. These bars are for or-
dinary sheet rolling for tinning, uniformly
§ inches wide. Their length is that of the
width of the ultimate sheet, and this for prac-
tical reasons presently to be considered has
hitherto been limited to 28 inches. The bars
vary in thickness from 34 to 54 of an inch,
accovding to the length desired for the rolled
shnnf
The heated bavs a

two at a fime and are

re taken from the furnace

¢ enfered singly into the
mill.  They pass through the mill singly, each
from four to six times. These ave called the
roughing passes. The roughed bars are in-
troduced into a second heating furnace, from

AND OPERATION.
Servial No. 176,081.

which when h ated they are taken two by two,
matched, and passed twice through the mill.
These passes which constitute the Second roll-
ing step are called the matching passes or the
ran-over passes. 'Lhe two pieces of material
thus further attenuated, as they come from
the run-over passes are pulled apart, placed
together again and doubled. That is to say
they are folded on the transverse mid- line,
and so are made into a pack of four sheets.
This pack is returned to the same furnace in
which the roughed bars were reheated, and
vfl en brought to rolling temperature agam, is
alken from the furnace and passed twice
dnmmh the mill. These passes which con-
<L1tute the third rolling step are called the
fours. After this the paek is again opened,
L?L 1s to say, the component sheets are pulled
apart from their free toward their folded
edges and adhesions are broken. The pack
then is doubled again and becomes a pack of
eight sheets. 'This pack at one end consists
of four free sheets and four sheets with folded
edges. The pack at this end then is sheared,
s that the edges of all the eight sheets are at
this end free. The pack is reheated, and
then is passed through the mill from three to
five times, and in these passes which constitute
the fourth rolling step, called finishing passes,
the hot-rolling is completed. Therolled pack
is sheared and cut, and the component sheets
are torn apart. In the tearing apart the
sheets are necessarily more or ]oqs mutilated,
and many are on account of adhesions and
mutilations rejected.

The operation of hot rolling is attended
hy danger to the rolls; danoei of breaking,
and danger of the development of small
eracks ranging from {5 inch to +5 inch deep.

hof:ﬂ erncks cqvermo ‘the surface of the roll

ive $o 1t super ncml}y a crazing on approxi-
ﬂntolv cubically disposed plzwes of cleavage,
the cubes ranging from about 4 inch to 378
inch in siz

When a 1'011 breaks the entive train of
mills has to be stopped and considerable time
is lost. The value of the roll will be from
$400.00 to $700.00, and the loss in production
may total one to two hours for six to eight
mills, so that it is very costly. In adchtlon,
each of such stops endangers every othm roll
in the othey mills. The volls used range from
28 inches o 82 inches in diameter and from
30 inches to 84 inches long, they are made of
cast iron with a chilled surface and are very
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hard. 'The metal has practically little or no
elasticity. 'The high temperature of T50°
to 900° or 1000° F. at which they work means
considerable expansion, and as the tempera-
ture cannot be unm)rm throughout the cast-
ing, the metal is of necessity under consider-
able stress at all thmes. Asan example, when
the rolling operation begins, the surface
metal of the roll is expr anded both circuamfer-
entially and longitudinally, and as the heat

penetrates expx wsion progresses from -the
surface inward. If such accession of heat be
tao rapid the roll~will be {ractured.at the cen-
ter, and due to the inelastic natuve oi the ma-
terial the shock will continue the iracture to
the surface, and the roll will he broken in two
at about its middle. In other words, the roll
will be pulled apart at the center when the
tension of the expanding outer metal becomes
greater than the tensile ,si,mnﬂ th of the unex-
pqnded core. ’

‘When a thoroughly heated and equally ex-
panded voll is stopped beat begins to be radi-
ated, and an opposite effect & akes place. In
this case it 1s the surface metal which fivst
contracts and its contraction, resisted by the
still expanded center, brings about a condi-
tion of tension. Tf the contraction be slow
enough, so that the tensile strength of the
cooler pfuts is not exceeded, 11othmo hap-
pens; but if ﬂw contraction be a little too
fast, numerous fractures deep enough to give
relief to strain, appear in thb surface. As
such contnaction and tension involve all of
the superficial portions of the roll, so will the
small cracks (termed crazing) be distribut-
ed; and since the tension is about equal both
around and lengthwise of the roll, the crazing
takes a cubic form, from cracks running
lengthwise caused by tension around its cir-
cumference, and cracks running avound the
roll caused by tension lengthwise of its bar-
rel. Those running around the voll are nu-
merous, and in proportion to the ratio of the
length of the bniel of the roll to its diam-
efer Such erazing ocenrs when volls heated
to a temperature of about 700° or more are
allowed to cool in the onen air. When rolls
are hotter and arve allowed to contract faster,
or when some rapid means of (’rmducﬁng
away the heat are applied to the face of a
roll, the contraction becomes so rapid that
one or move cracks are produced of consider-

able depth and length running around the

roll. "They may be from a half an inch deep
and six or seven inches long up to seven to
ten inches deep and include half the cireum-
ference. Such a crack may completely frac-
ture the voll at once, but 1f it does not, the
crack soon grows to a complete fracture by
being torn doepu' and longer each time the
roll 1s subjected to the c{mnh of rolling.
These cracks are called fire eracks and are
responsible for practi J(le all broken rolls.
The exceptions are very few. In actual prac-
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tice voll breakage is proportionate to roll

length. The strains are greater as roll length
increzses and the strains are greater as the

range of temperature increases, and the tem-
perature range increases as thicker and hotter
packs are v olled. The matter is further com-
pllcatod by the greater spring in longer rolls,
due to I()lmez (lrst(mr ¢ hetween bea rrings, and
by such increase in stmm as 1s incident to the

rolling of a larger and more cumbersome
pack,
In the practice of roiling sheets for tin-

11’3'15::. the b 28 are roughed at 2 Lunpemtur

of 1400° to 1450°: he matehing passes and
the fours ave rolled at about 10000; and the
material goes through the finishing passes at
about 1200° T. The roughing is “done very
guickly: all the bars in'a heat, say ¢ twenty to
twenty- Four pairs, are put throngh in eight
or ten mwinutes, and, because of the high - tem-

perature of the mwreual the rolls then 1'9&@11
their maximum temperature. The rolling of
the matching passes and of the fours is ac-
complished with 'el‘m'vclv little consump-

tion of time, and with li{tle diminution of

roll temperature. In the finishing Tp&mus,
however, much more time ig consummed, be-
cause of the greater length which the mate-
rial has attained. The actual passage
through the mill consumes more time, and
the material hecause of the attenuated form
which it has assumed requires more careful
handling and slower handling by the mili
crew. And time is lost in other ways—in
nieastiring the length of the pack, for exan-
ple. TIn consequence, theve s a greater tem-
perature drop during the finishing step than
during any other part of the roiliz ng opera-
tion. The material enters the finishing pass
at about 1200° F..and is finished at about
1000° . This fourth or finishing step of
the rolling opew.tmnl the step during which
the rolls are in greatest jeopardy. The pack
then is 1'nhhvely thin and cold, ‘and the roll-
1no pressure is many times greater than at

the beginning. Rolls are most uequenulv

broken during the finishing step in the roll-

ing operation, and hreakage occurring at
other times is often properly attr ihutable to
injury which the roll has su«tlmed in the
finishing step upon a preceding heat or run
of material. When, as often happens, the
continuity of mill operation is imeu‘npv"m
for a longer or shorter period of time, the
rolls cool and then when volling is resimed
they are peculiarly liabie to hr eak, from fire
crack caused by contraction during that
period,

In practicing my invention I provide
shield covering the roll suriace to the or
possible extent. The shield serves pri
to protect the voll from diafls and curve
of outside air. I provide with the shield
means for blowing thro gh 1t and upon the
surface of the roll streams of air or other

70

5

80

86

80

95

100

105

110

115

120

130



10

15

20

25

30

40

60

65

1,700,267

gaseous fluid of properly regulated tempera-
ture. Thus radiation of heat from the roll
surface may be controlled and arrested, or
even a condition of absorption of heat by the
roll may be set up.

In Fig. T of the accompanying drawings
the rolls 1 of a three-high mill are shown
end clevation, carried in the housing 2. The
shields to which I have alluded are indi-
cated at 4. The arrangement of the shields
with respect to the rolls more elearly appears
in Fig. ITI, and in Figs. III-VI the struc-
ture of the shields is shown in detail. The
shields in cross-section are crescent-shaped,
the inner curve conforms to the curvature of
the roll surfaces; they are spaced from the
roll surfaces at a slight interval, and they
extend circumferentially around the roll suv-
faces. It will be understood that they extend
longitudinally of the roll, preferably fromn
end to end. So much of the roll may thus
be shielded as is conveniently possible, with-
out interference with other features of struc-
ture and operation.

The shields are hollow; they are provided
with conduits 40, entering through the rear
walls, through which air (or other suitable
@as) may be blown, and the shields may be
faced with foraminate plates 41, through
which the in-blown air may be spread, as it
flows out upon the surfaces of the rolls. The
shields may be divided interiorly into cham-
bers arranged in succession longitudinally of
the roll and the conduits 40 may lead to the
several chambers. The dividing partitions
49 between the chambers may at their outer
edges and adjacent the roll surfaces be zig-
zagged, and as the drawings indicate, the
partitions may extend outwardly beyond the
face plates 41 of the shields, and to nearer
approach to the roll surfaces. By such pro-
vision streams of air to effect heating or
cooling or retardation of heating or of cool-
ing may be directed upon the surfaces of
the rolls. Such streams may be concentrated
upon the mid-areas in the length of the roll,
or they may alternately be concentrated upon
areas toward the ends of the roll bodies. And
by virtue of the zig-zag shape of the parti-
tions the localized effect of streams of aiv
upon the roll body may toward the edges of
theareasplayed upon be caused to grade grad-
ually away. Hot or cold air or other gaseous
fluid may be supplied to the shields by any
well-known and preferred means. Addi-
tionally or alternatively the shields them-
selves may be provided with hot elements
such as electrically heated coils 43, arranged
adjacent the roll surfaces and constituting
roll heating means.

In operation cold air may be blown upon
the surface of the roll as it rises from centact
with the relatively hot material in the roll
pass, and the cold air may be so blown upon
the roll surface, in such quantities and at such

3

temperature and during such portion of the
path of revolution, that the heat taken up
by the roil surface in the voll pass will inmnie-
diately be taken away, and will not pene-
trate the roll body more deeply. And of
courss the play of such a cooling stream upon
the roll surface wiil not be centinued beyond
the point necessary or for a time greater than
that necessary, to carry away the excess heat
and to maintain the voll otherwise at sub-
stantially the desived normal temperature.
The tlow of such a ccoling stream may obvi-
ously be brought under automatic control,
so as to act upon the roll during those pe-
riods of time eonly when the roll cariies accre-
tions of heat. That is to say, sequent upon
the advance of the material from the roll
pass and the velief of the strain of volling,
the supply of such cooling streams of air will
be cut off.

In contrast to such a cooling stream,
streams of hot air may by the means indi-

ated and described flow over the roll sur-
face at such times as may be desived. Ai
times when the rolling operation ig intermit-
ted the rolls may Dy means of the heating
clements described be for indefinite lengths
of time maintained at rolling temperature,
or even by such means they may initially be
brought to rolling temperature.

I have alveady explained that the greatest
danger to the rolls 1s that due to cooling, at
the time of the foarth oy finishing step of the
sheet rolling operation. Having provided
the shicid of my invention, particulavly if
it be adapted to deliver a stream of hot air
upon the roll surface, I am able to prevent
cooling of the roll during this step, and so
to relieve the danger. And in addition, the
rolls may be maintained hotter at this time,
and in consequence the packs under rolling
operation may be kept hotter. The working
of the materinl may thus be made easier, and
particularly the good end is gained, that the
outside sheets of the pack will then be rolled
nore nearly to the same length as the inside
sheets.

The voll of a mill in operation tends to be-
come hottest at the mid-point in its length,
and to expand most at that point. It is for
this reason that rolls ave turned to a dineter
which diminishes slightly from ends to mid-
dle, sc that in operation the roil body will
become more perfectly eylindrical. - But a
chilled roll does not manifest throughout its
Life an invariable response te¢ thermal condi-
tions; after each successive heating there is
less contraction toward the initial dimen-
sions. It is on this account that new and old
rolls cannot be successively matched together.
When a new pair of rolls goes into service
only narvow packs may be volled, because of
the then maximum effect of the turning of the
roll, with diminished diameter toward the
mid-point in its length. As the rolls grow
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hotter, the width of the packs inay be in-
creased, until the full width is reached. This

uaximum width may be maintained for a
tiwe, and then the rolls begin to manifest
greater wear away toward the middle. This
i beeause of the fact that toward its middle
the roll is hottest. The width of the pack
rolled must then be reduced . 3y the
adoption of the sh!e‘,\Ls in which my inven-
tion centers, and .ﬂ.‘ operating them in the
manner T have deseribed, it is possible to furn
the rolls initially tu more pexikz(m' cylin-
drical form and. by control of heating and
cooling streams, to ‘lldlll( vin through pbnods

of time exe eecling earlier pos)]hhum this
snbs‘«::mtiu]ly perfect cvlindrical form. Packs
of maximum width may be rolled with a gn en
]mii of volls through longer per lods of serv-
1ce, with economy of operation and increase
of Lomm;_ze The rolls properly turned may
be so mounted as not to f\mch at any part, and
in consequence a hetter voll surface may be
maintained, and this through longer periods
of service,

By so controlling and maintaining roll
dinmeter it 3')000111054 possible to introduce the
bars and ]m( s to the yoll passes at. some-
what lower temperature than px"s ent-day
practice requires, and still to operate with
such expedition that at the completion of the
operation the material is hotter than in ﬂw
present-day. practice it now remains; it be-
comes possible to roll packs of greater width,
and, handling the material mechanically in
place of manually, to voll m(’l\g of greater
length, and packs composed of a g eater nmun-
ber of sheets. In place of a p.wl* of eight
she(zis of the present maximum permissible
126 of 28 x 72 inches, it becomes entirely prac-
ticable to roll a pack of twe enty sheets 56 x 144
inches. The consequent gains in speed and
mill capacity, in reduction in the number of
reheatings, n uniformity of product, in re-
duction of the number of surface sheets, in re-
cuction in the quantity of waste and scrap
and trimmings,—all this, apart {rom the
economies of mechanical distinguished
from manual feeding,—becomes apparent.

In the volling of high grade sheets it 1
desivable to roll at as low a temperature a
possible, in order to reduce to a minimum th

amoimt of scale formed and also to avoid as
(*0;’1’11)101‘0]\* as possible teaving, slivering,
kinking, ete. cauged hy ‘m(-hnn With the
rolling of relatively cooler packs, as is the
Ase 1n 1he practice of my invention, the rolls
do not veach so high a temperature, and from
the st(mﬂ point of reduction and elongation as
well as ﬂm equal length of the surface sheets
IL would be more dc%u 1ble that the volls
be hotter, giving a
tors term it. This desirable end may be at-
tained by \minw the heating elmnent of my in-
vention, even while rolling packs of low tem-
pers ature. Such use of the heating element

0
as

]
S
12

“Feener” mill as opera-.
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will not interfere with maintensnce of the
proper shape of the 1'01]549 as that maintenance
of shape is governed by the blowing of humid
air, as described. The two features of the
heater element and the inblown stream of
air will then be in operation at the same time.

My invention so far as concerns the thermal

condition of the rolls accordingly lends itself

to the mechanical handling of the mauuml
and the invention js 10;1}1/(@ in its per fection
in 2 mill in which the provisions concer ning
1071 temperature are combined with provis-
1ong for bandling larger and heavier units.

The invention as thus far described cen-

ters in the shield, from which air or other
gas inay be blown, to keep the rolls while in
r:ervic from becoming too highly heated, a
shield compesed of compaltments irom any
one or more of which air may be blown, to
freep the roll in certain polmon‘; from ex-
panding too greatly and to maintain a par-
ticular opt]mmn contour; a shleld which
screens the roll and plofec{s it from outside
drafts or currents of air, and which, enclos-
ing the roll and: confining an envelope of air
]io}* to the voll surface, pmvcn’m rapid radia-
tion of heat and comcqven too 11)1(1 con-
traction of the exterior povtions of the roll
body upon a still relatively hot and expand-
ing interior portion; a shield equipped with
heating means arranged adq'ar'ent the roll
surface, for the purpose, first, of initially
heating the voll before the rolling operation
boszms second, of heating differentially one
poitmn of the roll body relati vely to another
while the rolling operation is in progress, and
80 maintaining a desived roll contour; third,
of raising the body of the roll to a tempera-
ture hi gher than that to which it otherwise
would be . brought; fourth, of keepm g the
roll hot and of mﬂmtmnmg it.in proper
shape during intervals when the rolling oper-
ation is interrupted; and, finally, of he] ying
to effect gradual contraction when the mHmO‘
operation has been completed.

In ¥ig. I, T show associated with the rolls
of the mlhnn‘ mill conveyor tables for the
mech anical hmndhu of the material in course
of rolling.. Huch mechanical handling appa-
ratus is in its gener al features known, Par-
ticular features of the apparatus shown are
made the wh]ect matter of & companion ap-
[hﬂ mon for Letters Patent, filed Barch 17,
1997, Serial Wo, 176,082, Tt suffices here to
indicate that by the use of such mechanical
material-handling apparatus the economies
consequent upon Lhe control of roll temper a-
ture as described above may be realized in
largest measure, _

I claim as my invention:

1. The method of voliing herein described
comprising maintaining within the body of a
voll of a hot-mill a condition of better uni-
formity of temperature by causing a stream
of cooling fluid to play upon the surface of
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the roll as the surface recedes from the sur-
face of the article being rolled and cutting
off the flow of the stream when the article
‘oemo rolled passes from beneath the action

of the roli, and paSmlﬁu the article to be rolled
mrongh said rolls the temperature of which
has i been thus regulated.

2. " 11\, method of rolling herein described
comprising maintaining within the bodies of
the cooperating rolls of & hot-mill condi-
tions of better unifor ity of temperature by
CAusIng me ms of cooling finid to play simul-
taneous Ay upon the surfaces of Lhe rolls as
the suriaces recede from the surfaces of the
article being rolled and cutting off the flow
of the streams when the article being rolled
passes from the roll pass, and passing the
article to be volled through said rolls the
temperature of which hag been thus regu-
lated.

3. In a rolling mill and in combination
thn 2 roll body of an elongate box crescent-

shaped in cross- socﬁon and including inner
zmd outer curved walls different in radius
of curvature, the inner wall of the cresceni—

shaped box conoa;vmdmn In cuivatur

1011 surface, and being perforate, and the box
being arranged with the said inner wall in
pxoximlw to the rell surface, and means for
maintaining within the box a supply of tem-
perature- ccm‘cro}hng fuid.

4. The gtruceure of claim 3, together with

5

a heating element arranged between the inner
wall of the box and the roll surface,

5. The structure of claim 3, together with
a partition extending transversely and in zig-
zag course within the box.

6. In a rolling mill and in combination
with a roll body of a shield extending cir-
cumierentially of and longitudinally of and
adjacent to the roll body, the shield being
box-like in structure opening toward the sur-
face of the roll, a parmt]o*l extending in
devious course within the shield and divid-
ing the space within into independent cham-
bers arranged in succession lengitudinally of
the roll, and means for causing gaseous
streams to flow through the said chambers
and over the outer surface of the roll body.

7. In a rolling mill and in combination
wuh a roll body, two elongate boxes extend-
ing longitudinally of and circumferentially
of the roll and arranged on opposite sides of
the roll, each box belno divided internally
into a succe%swn of chambers longitudinally
of the roll, the wall of the box adjacent the
roll surface ;\)elng pehomte, and means for
supplying streams of temperature control-
ling Huid ﬂn'mwh the bo and to the roll
surface.

In testimony whereof I have hereunto set
my hand.

WALTER R. KNEELAND.
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