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1

The present invention relating as indicated to
the conditioning of meta] sheets and the like hag
more particular regard to means and methods
for attaining suych beneficiating effects as the
removal of scale and other closely adherent cost-
ings, cleaning and bolishing the surface, and re-
ducing surface tension on such articles by brush-
ing action and by the conjoint action, on the sur-
face being treated, of a brush and of auxiliary
materials such as abrasive, peening pellets,
cleaning and coating materials and coolants.

The addition of an abrasive to a brushing op-
eration in order to clean the surface of a metal
sheet or like article by an ordinary scouring op-
eration is, of course, well known. Thus, fioors
have been long cleaned and polished in this man-
ner. It has also been proposed to clean sheet
metal plates (see Patent No. 451,263 to Buck-
man) by similarly supplying an abrasive, e. g.
sand, to the surface of the sheet in advance of
the application thereto of a rotary hrush. How-
ever, such simple scouring treatment has not
broved effective for the removal of closely ad-
herent oxide coatings such as the seale on sheet
or strip steel in order to Drepare the surface of
such sheet for plating with another metal such
as tin or zine, or to receive and retain a paint or
lacquer coatbing, without employing the costly and
objectionable pickling process. The continuing
problem presented, of scale remeval by a brush-
ing operation, is evidenced by Patents Nos.
1,440,619 to Noyes et al., and 2,335,196 to Pecsok,
which respectively disclose different methods of
applying a brush to the surface of a sheet in an
endeavor to secure complete scale removal,

As indicated above, one object of the present
invention is to combine brushing action with ap-
plication of an abrasive material in such a man-
ner as will effectually accomplish the removal of
scale and like closely adherent oxide coatings
from metal sheets and similar articles. I have
discovered that if such abrasive material be for-
cibly discharged onto the surface of a sheet si-
multaneously with the application of a brush
thereto or immediately in advance of such ap-
plication, not only is the cleaning action greatly
improved but the power required for brushing
greatly reduced. I have further discovered that
where, as will be desirable, a rotary brush is em-
ployed, such brush itself may be utilized thus
forcibly to discharge, by centrifugal action, the
abrasive material onto the surface of the sheet
without detracting from, but on the contrary
greatly increasing, the efficiency of the brush-
ing action proper,
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While in the case of metal sheets the latter will
desirably be arcuately flexed to present a2 con-
vex surface to the brush, as taught by the above-
cited Pecsok batent, the present improved meth-
od of conditioning sheets, etc., is not limited to
such procedure but may be utilized in connec-
tion with flat sheets or like articles or with sheets
arcuately flexed to pbresent a concave. surface to
the brush. Purthermore, in such method I may
dry granular
form having various degrees of fineness or such
abrasive may be carried by a suitable liguid ve-
hicle. The invention further comprehends im-
proved means for conducting the abrasive in
either such form to the brush in such manner
as to utilize the centrifugal action of the latter to
foreibly discharge the abrasive onto the sheet,

Independently of such conjoint action of a
brush and granular abrasive material, I have dig-
covered that while the effectiveness of brushing
action in seale removal may be greatly increased
by arcuately flexing the sheet on the line to
which the brush ig applied, such scale may be
more advantageously and completely loosened,
breparatory to being brushed off, by subjecting
the sheet to g single stretching action.

To the accomplishment of the foregoing and
related ends, said Invention then consists of the
means hereinafter fully described and particu-
larly pointed out in the claims, the annexed
drawings and the following description setting
ferth in detail certain means and modes of car-
rying out the invention, such disclosed meang
and mode illustrating, however, but one of vari-
0us ways in which the prineiple of the invention
may he used.

In said annexed drawings:

Fig. 1is a diagrammatic side elevational view
of one form of apparatus constructeq in aceord-
the present invention angd showing g
ﬁletal strip in process of being acted upon there-

Y,

Fig. 2 is a central longitudingl section of one
of the brushes, shown ag being utilized in such
apparatus, wherein the centrifugal action of the
brush is utilized to discharge granular abrasive
material onto the sheet being treated;

Fig. 2¢ shows g detail of Fig, 2 on such larger
scale;

Fig. 3 is g transverse section of
the plane of the Section being indicated by the
line 3—3 or Fig, 2; -

Fig. 4 is a view similar to Fig. 1 but showing
another form of apbaratus embodying the in-
vention; '

such brush,
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Fig. 5 is a side elevation and Fig. 6 a plan
view of still another form of apparatus, more
or less diagrammatic in character, showing the
invention as utilized in an apparatus designed to
stretch a sheet instead of flex the sarae, as &
preparatory step in the operation of remoeving
scale therefrom;

g, 7 is a side clevation, similar to that of
Fig. 5, showing the invention as applied to the
removal of scale from elongated work-pieces such
as vod or wire;

Fig. 8 is a detail view of the apparatus of Fig.
5 showing a modification in construction;

Fig. 9 is a plan view of an apparabus similar tc
that shown in Figs. 5 and 6, but illustrating 2
gifferent disposition of brushes employed in a
sheet beneficiating operation;

mig. 16 is a side elevation of an apparatus simi-
lar to that shown in Fig. T, but illustrating a
different disposition of pbrushes employed in a
wire or rod beneficiating operation;

Figs. 11 and 12 are transverse sectional views
of such 1ast-mentioned apparatus, the planes of
{he sections being indicated by the lines fi—it
and (2—12 respectively on Fig. 10;

Fig. 13 is a longitudinal sectional view of &
brush somewhat similar to that of Fig. 2 bul
embodying certain additional features;

Fig. 14 is a transverse sectional view taken
along the line 14—1i4 on Fig. 13;

g, 15 is a longitudinal sectional view of the
mounting means for the right-hand end of the
prush of Fig. 13; and

Fig. 16 is a fragmentary detail view of one
component of such brush.

Referring to the construction of apparatus il-
lustrated in Fig. 1, such apparatus will be seen 10
comprise two rolls and 2, ebout which the meta.
strip S is passed In such manner that each side
of the strip will be respectively subjected to ths
sction of rotating cylindrical brushes 3 and &
which are disposed with their axes regpectively
parallel to the corresponding rolls and so spaced
in relation thereto that the prushes will contact

with the arcuately flexed portions of the sheet

as it passes over and 1s supported by said rcils
respectively. The rolls | and 2, of course, are
rotated in the same direction as that in which
the sheet S moves in passing thereover and the

prushes 3 and 4 will be rotated in a direction 37

opposite to that of the rolls, i. e. in the same
direction as that in which the strip moves while
in contact with the latter. The rolls and brushes
will be power driven, sither by direct motor drive

or otherwise as found desirable om convenient,

the brushes preferably being rotated rapidly, for
exarmaple ab approximately 2000 R. P. M. while
the strip of course moves at a rauch lower speed,
relative to speed at which the contacting brush
surfaces travel.

wor the purpose of feeding the sheet to the
volls § and 2, as it is received from roller con-
veyor B3 it passes between relatively adjustable
bending rolls §, T and 8 which serve to arcuately

bend the strip to a curve of somewhat greater g

diameter than that of roll . The strip then
passes between guide roilers @ and 19, which
direct it into substantially tangential relation-
ship to the surface of the roll directly opposite
prush 3. Beyond the roll i the strip passes be-
tween rollers {f and 12, which are disposed in
o relationship to said roll complementary to that
of rollers 9 and {0.

As a result of the disposition of the two pairs
of guide rollers, the area of contact of the sheet
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S on its concave side with the roll 1 is limited
substantially to that of the area of contact of its
convex side with the opposed rotating brush 3.
while the brush will be set no more tightly
against the sheet or strip S than necessaly to
obtain the desired effect, since the coefficient of
friction between the brush and the strip increases
more rapidly than the square of the pressure,
the power consumption is of course a factor of
importance and it has been found that by such
arrangement of guide rollers or similar means
whereby the area of contact of the sheet or strip
with the roll | is limited the diameter of such roil
may be kept relatively small and the friction of
the sheet therewith correspondingly reduced.

Directly below the point of tangency of yoll i
and brush 3 is an exhaust collector 3 adapted to
receive the particles of seale removed from the
cheet by the action of brush § as well as addi-
tional granular abrasive material which, as will
be presently described, will be supplied to the
prush for use as in the treatment of the sheet. A
suction fan 14, connected with collector {3, serves
to convey the abrasive including of such scale
along a duct 46 in whieh is interposed a screen
18 whereby the larger particles are caught and
collected in a trap {i. 'The remaining, finer
particles of scale are delivered by duct 15 t0 &
hopper 8 located conveniently adjacent brush 3
from which such abrasive particles may be sup-
plied to the brush in the manner presently to be
described.

Returning to the progress of the sheet S, aiter
leaving guide rollers ! and 12 it then continues
between bending rolls 24, 9{ and 22, whereby it
i3 arcuately bent in the opposite direction from
that given it by the first-mentioned set of bending
rolls and caused to tangentially engage roll 2
where its other side, now convex, is subjected to
the action of brush 4, Disposed on opposite
sides of roll 2 are complementary pairs of guide
rollers 22, 24 and 25, 26, which, like the nrevious-
1y mentioned pairs of guide rollers, serve to Hmit
the area of contact which the strip or sheet 8
has with roll 2. Winally, the sheet is received
petween straightening volls 27, 28 and 29 which
straighten the strip and enable it to continue in
its original direction along the roller conveyor 28,
Associated with brush & is a collector 31 and suc-
tion fan 32, which are connected with a suitable
hopper asscciated with brush & through a duct
(not shown), in the same manner as in the case
of the collector and hopper associated with
brush 3.

As indicated, the rotary brushes 3 and 4 which
are disposed to operate on the convexly flexed
surface of the sheet as it moves through the ap-
paratus will in effect be duplicates of each other,
being designed to perform the same operation
on opposite sides of such sheet; furthermore,
each such brush is so constructed as 1o adapt
the same to forcefully project abrasive material
onto such convexly flexed surface of the sheet.
A preferred construction of brush designed to op-
erate in the manner just referred to is shown in
Figs. 2, 3 and 2¢, which will now be described.
As there shown, the body of the brush com-
prises two oppositely disposed hub members 35
and 36 respectively provided with bearing sleeves
35¢ and 36c¢ whereby said members may be ro-
tatably supported in suitable journals. Fitted
to said hub members is & cylindrical shell 37 that
is provided with a suitable number of properly
spaced perforations a8 through the portion there-
of lying between the hub members to permit the

sk
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discharge outwardly through such shell of abra-
sive material supplied to the interior thereof.
Mounted in turn on shell 27 is 5 body 39 of radial-
ly extending stranded brush material. This
material may consist of crimped wire of varying
degrees of fineness, or any of the other materials
usually employed in brushing operations of the
character involved, and may be secured to the
shell in any approved manner. As illustrated,
such brush material is disposed in the form of
doubled layers held by a retaining wire or ring
48 in a channel-form base 4{ which may be
either in the form of an annulus or wound hel-
ically about the shell. Retaining rings 42, 42
held in place by means of lock rings 43 threaded
on the respective ends of the shell press sgainst
the corresponding sides of the assembled body
of brush material and serve both fo secure the
latter to the sheil and compact the same to
the desired degree.

Where the brush material is held in a channel-
form base 41, the sides of the latter, as shown in
Fig. 20, are formed with alternate depressed areag
and intermediate lands so that radial passages
will be left between adjacent bases (or sections
of the base where helically wound on the shelly
and the number and disposition of the perfora-
tions 38 in the shell 27 will be such that a sub-
stantial portion, if not all, of the passages thus
provided will coincide in location with such per-
forations so that abrasive supplied in the marti-
her previously referred to may pass through the
latter and such bassages and thence outwardly
in between the stranded brush material, Such
relatively free flow of abrasive is further facili-
tated by rounding the lower corners of the chan-
nel-form bases so that circumiferential passages
are provided between adjacent bases which will
further insure connection between the perfora-
tions in the sheil and such radial passages.

The specific construction Jjust described, where-
by provision is made for the flow of abrasive
from within the shell 27 into the body of stranded
brush material, forms the subject matter of
my Patent No. 2,409,309, and it will be understood
that where different methods of attaching the
stranded brush material to the brush body are
employed, other means for broviding for such
flow may require to bhe used. In other words, the
illustrated construction is to
iy as constituting one form of brush pody where-
in provision is made for such flow of abrasive
from the interior thereof radially outwardly into
the stranded brush material,

Further referring to Figs. 2 and 3, it will be
seen that a tubular shaft 45 extends axially
through the body of the brush, the ends of such
shaft projecting beyond the respective hubs %5
and 38. The intermediate portion of the shaft,
1. e. that lying between such hubs within shell
31, is provided with a longitudinally aligned se-
ries of apertures 48 through which abrasive or
other flowable material may be introduced into
the hollow interior of the brush body. Such
material may be subplied from any suitable
source to the tube through either end thereof,
the right-hand end being shown as selected for
the purpese in Fig. 2. A solid rod 47 inserted
in the other end of the tubular shaft serves tg
close off such end and being reciprocable said
rod may be utilized for ths further purpose of
cleaning out the interior of the shaft should it,
or the openings 48 therein, hecome clogged.

Tube 45 is not directly in contact with the
openings in the hubs 85 and 38, but the portion

be considered mere- :
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thereof lying within hub 35 is surrounded by a
second tubular shaft, or rather sleeve, 48 which
Serves as a close fitting sealing bushing within
which such tube may be angularly adjusted, i. e.
rotated about its axis so as correspondingly to
vary the angular position of the series of per-
forations 46 in relation to the axis of the shafs.
The portion of the shaft 45 which lies within
hub 36 is similarly surrounded by a closely fitting
tubular shaft 49 and said shaft 48 is in turn sur-
rounded by a second tubular shaft or sleeve 58,
the function of which is the same as that of sleeve
48 except that, as indicated, said shaft 48§ is
interposed therebetween and the innermost tubu-
lar shaft 45. Said shaft 48 projects into the hol-
low interior of the brush body and desirably in-
cludes an axially spaced extension in the form
of a separate ring 51 that lies adjacent the inner
face of hub 35, and fizedly attached to these
portions of said shaft 49 is a radially project-
ing wiper 52. While the latter may take on
various forms, it will desirably consist, as hest
shown in Fig. 8, of a straight channel-form base
53, similar to the base employed to hold the
brush material comprised in brush body 28, and
a doubled layer of stranded brush material which
is secured in such base just as the previously
mentioned prush material is secured in the chan-
hel bases 4{. The wiver thus constructed ex-
fends substantially across the space within shell
37 lying between the two hubs 3% and 2§ and is
of such radial extent that its outer edge, which,
where the blade is formed of stranded brush
material, will congsist of the ends of such strands,
will frictionally engage with the inner face of
said shell,

Shaft 49 is normally held against rotation by
suitable means and ag g result rotation of the
Inner face of the shell 37 about such wiper serves
to clear the berforations 88 in such shell should
they become clogged while the brush is in use,
However, when desired, tubular shaft 49 which
carries the wiper 52 may be rotated, or rather
adjusted angularly, about the axis of said shaft
50 as to correspondingly vary the angular posi-
tion of the wiper within said shell Any suitable
means may be provided for thus rotatably ag-
Justing said shaf 49 and for retaining the same
against rotation ag desired, e. g. a worm gear 48¢
attached to the brojecting outer end of the shafs
and a worin 495 engaging said gear.

In order to facilitate insertion and removal of
shaft 48 with the wiper thus carrieg thereby, a
radial slot 54 is cut in hub 28, such slot being
to permit the ready passage
therethrough of the blade, however constructed.
is in its operative position, as
shown in Figs. 2 and 3, such bassage will he
closed by a plug 55 that is held in blace by means
of a flange on the bushing 26¢.

While the wiper assembly must necessarily be
inserted before the brush is placed in its bear-
ings, thereafter the angular adjustment of the
wiper can be made without disturbing the brush
mounting, Likewise the feeder tube 45 can be
inserted and removed, as can also the recipro-
cable clean-out shaft or plug 47, all without dig-
turbing the brush set-up.

The manner in which g brush constructed ag
Just described is utilized in g brushing operation
such as that illustrated in Fig. 1 will now be set
forth. Assuming the open end of feed tube 45
to be connected with g suitable supply of granu-
lar abrasive, or other material such as more fully
set forth later herein, which may be carried by
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a stream of air or other suitable vehicle moving
at proper velocity, such abrasive or the like will
be carried into the hollow interior of the brush
body and there be subjected to the centrifugal
force occasioned by the high rate of rotation of
such body when the brush is in operation. The
effect will be to cause the abrasive to flow through
the perforations 38 in shell 31 and thence to dis-
charge the same at an accelerated rate of move-
meni through the stranded body of brush ma-
terial. The direction of such discharge can be
effectively controlled by rotating the feed tube so
as to vary the angular direction of the cpanings
46 therein, through which such aprasive is sup-
plied to the hollow interior of the brush. Thus,
for example, as such material is discharged from
the stranded brush body, it can be directed onto
the surface of the sheet being prushed along the
line of contact of the brush therewith, or in ad-

vance of such line, as desired. Such direction of :

discharge may be further controlled by utilizing
the wiper 52 as a deflector, to which purpose it
is equally well adapted. In other words, by
proper angular adjustment of the feed tube and
of such wiper thus serving as a
angle at which the major portion of the abrasive
will be discharged from the brush can be fairly
closely controlled.

Tt ig not necessary, of course, that ali of the
particles of abrasive should fall within a defined
area on the sheet, but merely that the major
portion thereof should do so. In order to caich
such particles as may he thrown beyond the
desired area, any suitable form of enclosure or
guard may be employed. It will be further un-
derstood that while reference has been meaede in
the foregoing description of the operation of my
improved brush to the use of & grapnular abrasive
conveyed by a stream of air, other media, in-
cluding a suitable liquid, may pe employed, such
liguid carrying the abrasive being discharged in
the same manner. Moreover, for certain pur-
poses the material supplied to the brush for the
purpose of thus being cenirifugally discharged
therefrom may consist wholly of a liguid medium
capable of having a beneficiating effect on the
surface of the sheet as it is being brushed.

Where the surface conditioning of a sheet does
not involve the removal of scale or equivalent

tightly adherent oxide coating, a brush con- =

structed and operating as just described may
still he advantageously utilized to treat the sur-
face of the sheet. In such event, the sheet in-
stead of being flexed to present a convex surface

to the brush, may be flexed to present a concave

surface to the brush, thus increasing the area of
contact between the latter and the sheet sur-
face, or the sheet may be presented flatwise to
the brush, particularly where, as will be later
described herein, my new and improved method
of loosening scale or like adherent coating
thereon is broken, preparatory to the brushing
operation, by a stretching operation.

In Fig. 4 there is shown, more or less diagram-
matieally, two rotary brushes 60 and 6{ in com-~
hination with paired rolls 62 and 83 which, to-
zether with a series of fixed curved guides §2¢
and 83a, serve to direct the sheet S’ around such
brushes so as to present first one side thereof
and then the other in concavely flexed form to
the face of the brush. Depending upon the con-
tour of the fixed guides, the area of contact be-
tween the brush and sheet may of course e
varied, such area as shown being equal to ap-
proximately one-quarter of the brush face. By

deflector, the ¢
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5 that brush 67 is applied.
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employing a brush constructed as hereinbefore
described, abrasive or other desired surface
treating compound, and fluids such as coolants
and the like may be applied to the sheet in con-
junction with each such prushing step, collector
troughs 85 and 66 being provided in association
with each brush to receive the excess material
discharged therefrom. This material, as in the
case of the apparatus {llustrated in Fig. 1, may, if
desired, be utilized over again either in whole or
in part by being returned to the feed pipes con-
nected with the respective brushes. ’

Figs. 5 and 6 fllustrate still another form of
apparatus in which a prush §7, such ag herein-
before described, is applied to the beneficiation
of the surface of a sheet S? that instead of being
flexed either concavely or convexly in relation to
such brush is carried past the same in flat con-
dition. However, in order to facilitate the re-
moval of scale or equivalent tightly adherent
oxide coating from the surface being treated,
means are provided whereby the sheet is sub-
jected to a jongitudinal stretching operation
prior to such brushing operation.

The simple form of apparatus employed for
the purpose of illustration comprises three aligned
roll stands 68, 69 and 19, such stands being shown
diagrammagically only, petween the paired rolls
§8a, 63¢ and T6a of which the sheet moves con-
tinwously in a substantially straight line. Said
paired rolls may be driven in any suitable man-
ner, as by motors 63b, 69b and 10p individually
connected with each pair, as indicated in Fig. 6;
however, the rate of rotation of the rolls will
be regulated so as to impose 2 definite stretching
action on the section of sheets §2 lying between
rolls 68c and 69a while the section lying between
rolls §2¢ and rolls T8¢ will be subjected only to
2 normal degree of tension required to hold the
sheet approximately in a straight line.

It is to the surface of this last-rentioned sec-
tion of the strip 82, i. e. the section thereof which
has been previously subjected to the described
stretching action between the rolls 68c¢ and €3¢a.
Said bhrush may be
conveniently mounted on a stand 11 similar to
the stands in which the rolls are mounted and in
order to hold the moving sheet against the brush
with the proper degree of pressure & roll 12 is
also provided in stand T{ with its axis aligned
with that of the brush and located directly there-
peneath. A motor 13 may be utilized to rotate
brush §7 at the desired speed and also the coop-
erating roll 712 so as to avoid any frictional drag
between the face of the sheet opposed to such
roll. The direction of rotation of the brush will
desirably, although not necessarily, be such as
to move its surface in a direction opposite to
that in which the contacting surface of the sheet
travels. A suction boot 14, similar to those illus-
trated in Fig. 1, will also be properly positioned
in relation to brush 67 to collect the scale re-
moved from the sheet as well as added abrasive
material applied thereto through the medium of

= the brush, it being understood that in the case

where the latter is utilized in the manner previ-
ously described it will serve to discharge abra~
sive in selected direction onto the sheet.

While only one brush 67 applied to the upper
surface of the sheet 82 is shown in Figs. 5 and 6,
in a commercial installation it will ordinarily be
found desirable to utilize a plurality of such
brushes which will contact the upper surface of
the sheet at suitably spaced interwals between
rolls 68a and 70a. Also, in order to condition
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the underside of the sheet, rolls similar to brushes
61 and rolls 12 may be employed except their
relation will be reversed. Finally, in order to
insure that the surface will be free from foreign
matter other than scale or similar adherent coat-
ing, the section of the sheet lying between rolis
68¢ and 63¢ may be subjected to a vreliminary
brushing operation by applying thereto an ordi-
nary rotary brush 75 carried by a stand 7§ simi-
lar to that which carries brush 67. A suction
boot 78, as before, will be desirably associated
with such brush 75 to insure complete removal
of any such foreign matters.

The general operation of the apparatus last
described has been sufficiently indicated in de-
scribing the operation of its component parts.
It need merely be added that I have found that
by subjecting the sheet, preliminarily to the
brushing operation berformed by one or more
brushes 67, to a stretching operation whereby
the sheet is elongated approximately 7%, a fine
bright, scale-free and satin finish can be pro-
duced upon four passes under the brush; ang
that a lesser degree of stretching has a, Very con-
siderable loosening effect on the scale. A single
stretching, of course, serves equally to prepare
both sides of the sheet for the subsequent brush-
ing operation and the amount of working of the
metal involved will obviously be very consider-
ably less than that which occurs where the sheet
is convexly flexed first in one direction and then
the other.

The utilization of such a stretching step to
loosen scale or equivalent closely adherent oxide
coating preparatory to brushing or other surface
treatment is not limited to sheets such as have
heretofore been referred to, but may be carried
on with corresponding advantageous results in
the surface treatment of other elongated forms
of metal work-pieces such as rod or wire, and in
Fig. 7 an arrangement of apparatus is diagram-
matically illustrated for thus handling g rod or
wire R. The latter, just as in the case of sheet
82, passes through an aligned series of paired rolls
89, 8! and 82, which will be driven at rates of
speed such as to subject the section of the work-
Dbiece between rolls 86 and 81 to a definite stretch-
ing action and then draw the following section 1y-
ing between rolls 81 and 82 bast opposed pairs of
brushes 83 and 84 (only one of the latter appear-
ing in Fig. 7). These brushes will be positively
driven in the same manner as brush 67 and may
or may not include means for supplying abrasive
or other material to the work-piece. Also the
latter will be desirably subjected to g prelimi-
nary brushing operation by passing the first sec-
tion thereof, that lying between rolls §¢ and §1,
between a pair of opposed brushes §5.

The same action so far as regards the loosening
of scale or like adherent coating on the work-
piece will be produced in the case of such rod
or wire as in the case of sheet S2 where the
degree of stretch to which the workpiece is sub-
jected is of corresponding degree. As in the
case of the apparatus illustrated in Figs. 5 and s,
50 in the case of that ltustrated in Fig, 7 it will
be understood that the number of opposed paired
brushes 83 and 84 which are applied to the sec-
ond, stretched, section of the workpiece. may be
increased as may be found desirable;: also that
where more than two such pairs are utilized suc-
cessive pairs instead of being set at right angles
to each other may be disposed at various inter-
mediate angles so ag to insure thorough brushing
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action around the entire circumference of the
work-piece,

The modification illustrated in Fig. 8 relates
to the form of rolling support for the work-piece,
whether sheet or wire, where it is opposed to
brushing action for the burpose of final removal
of the previously loosened scale. Tnstead of
single roll 72 directly opposed to the brush, a
pair of rolls 72a may be employed, one located
slightly before and the other slightly beyond a line
vertical to sheet 2 and passes through the axis
of the brush. :

As previcusly indicated in the general de-
seription of the drawings, Fig. 9 illustrates di-
agrammatically a modified form of apparatus
for the surface beneficiation of s sheet similar
to that shown in Figs, 5 and 6. Actually there
appears in Fig. 9 only that portion of the mecha-
nism as lies to the right of roll stand 69 in ¥ng.
5, it being understood that the sheet will have
been previously subjected to a stretching opera-
tion, just as before, in the section thereof that
lies in advance of said stand 69, i. e. between
the two pairs of rolls §8q and 69q.

However, in the modified construection, instead
of employing one or more transversely disposed
brushes 67, a minimum of at least four similar
brushes 86, &7, 88 and 89 is applied to the surface
of the sheet during its passage between rolls
6%¢ and T8a, these brushes being of the same
construction as breviously described, whereby
abrasive or other suitable material will ke cen-
trifugally discharged therefrom onto the surface
of the sheet at the same time that the latter is
being operated upon by the brushes. Further-
more, said brushes, instead of being disposed at
right angles to the line of travel of the sheet,
are disposed in angular relation thereto, the
brushes being alternately inclined in opposite
directions. Finally, as indicated by the direction
arrows, said brushes alternately rotate in op-
posite directions; thus brush 86 rotates in g
clockwise direction as viewed in Fig. 9 while
brush 87 rotates in a counterclockwise direction,
and brush 88 rotates in g clockwise direction
while brush 89 rotates in a counterclockwise
direction.

As likewise breviously indicated in the general
description of the drawings, ®igs. 10, 11 and 12
show a modification in the apparatus illus-
trated in Pig. 7 for beneficiating an elongated
metal work-piece such as g rod or wire R. Here
again only the portion of the apparatus to the
right of the second pair of rolls 81 is shewn, but
it will be understood that the section of the
work-piece lying to the left of said rolls will be
subjected to a strefching action such as pro-
duced in the apparatus illustrated in Fig. % by
the difference in rate of rotation of said rolls
8t and the preceding pair of rolls 89.

While the brushes employed to beneficiate the
surface of the wire may be emgployed in opposed
bairs, as in the case of brushes 83 and 84 illug-
trated in said Fig. 7, this may not prove desirable,
pbarticularly in treating rod or wire of relatively
small diameter, since such obposed brushes would
tend to interfere with each other. Particularly
after a period of use the brushing surfaces will
be worn into transversely concave form, so that
the lateral portions of the brushes will overlap
and engage with each other. Accordingly, an
arrangement of brushes such as shown in Figs,
10, 11 and 12 is breferred, wherein two series of
brushes 99 and 2/ is employed, it being under-
stood that the number, shown as five in such
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first series and ten in the second, may be in-
creased or decreased as desired to obtain the
best results.

Referring to such series of brushes 98, these
it will be seen are all disposed with their axes
transverse (preferably afb right angles) to ithe
line of travel of the work-piece, just as in the
case of brushes 83 in the apparatus {llustrated
in Fig. 7. However, such brush axes instead of

being located opposite to each other are spaced ii

successively along such line of travel so that
the brushes will successively contact with the

work-piece at fairly closely spaced intervals,
without interfering with each other. Further-

more, the axes of successive brushes, while all
lying transversely of the line of travel of the
work-piece, are inclined relatively to each other,
as best shown in Fig. 11. Thus, as the work-
piece passes through the series of brushes 88,
its entire circumferential surface is subjected
to the action of the brushes; in fact the longi-
tudinally extending areas covered by the suc-
cessive brushes will overlap to a certain extent,
thus insuring uniformity of treatment about the
entire circumference of the work-piece.

While in Fig. 10 all of the brushes 88 are indi-
cated as rotating in the same direction so that
the contacting surface of the brush moves oppo-
sitely to the direction of travel of the work-piece,
such direction of travel may be reversed in the
case of certain brushes of the series, or prefer-
ably a second series (not shown) similar to the
one thus illustrated will be employed in which
all of the brushes thus rotate in the opposite
direction.

Referring to the series of brushes 91, which
will desirably be larger in number than those
comprised in the first series, the axes of these
prushes are disposed in substantial parallelism
with the. direction of travel of the work-piece 50O
that the faces thereof which contact with the
latter will be applied crosswise instead of longi-
tudinally. As best shown in wig. 12, the axes of
the successive brushes 82 are spaced circularly
about the path of travel of the work-piece atb
approximately equal distances, such axes being
sufficiently close together so that the longitudi-
nally extending areas of the work-piece re-
spectively affected by the corresponding brushes
will overlap at least to some extent and thus
insure complete and uniform treatment of the
work-piece about its entire circumference. Here
again all of the brushes of the series may rotate
in the same direction or certain thereof opposite~
iy to the others, put preferably two series of
pbrushes similar to the one series illustrated will
be utilized, the brushes of the second series op-
erating in a reverse direction to those of the first.

Instead of relying on preliminary stretching
to “crack” the scale.on the surface of the metal
sheet, rod, or the like, a cooling fluid such as
water may be delivered to the brush for forceful
radial discharge against the heated work. The
forece of such discharge need not be sufficient
actually to remove the scale since the simul-
taneous action of the brush effectively serves this
purpose while the cooling fAuid also prevents over-
heating and deterioration of the brush material.
As will be understood, work such as steel, for
example, will normally be heated above “red”
temperature, for this purpose, being sufficiently
hot to ensure fracture of the scale by application
of the coolant. The action of the brush material
engaging the work also assists considerably in
accomplishing such fracture as well as ensuring
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removal thereof without the necessity of employ=
ing very high pressures or excessive volumes of
fluid.

While my improved method and apparatus for
surface beneficiating metal sheets and the like
has been deseribed with specigl reference to the
removal of scale and like closely adherent
coatings, no limitation to such particular use is
to be implied. Thus, by employing other forms
of discrete hard particles instead of granular
abragsive, e. g. peening pellets of properly selected
size, such method and apparatus may be equally
well employed in the peening treatment of sheets
and like metal articles.

In peening practice as at present carried out,
while the impact of the pellets or “shot” has the
desired effect of relieving surface tensions and
otherwise beneficiating the surface of the article
being treated, there is at the same time produced
g disadvantageous effect arising from the pres-
ence of the crushed cementite and other con-
stituents of steel. Where the broken fragments
of such materials, which are relatively hard, re-
main on the surface, not only is the peening
action interfered with but the surface itself may
be permanently marred. However, by combin-
ing with the impact action of peening peliets a
brushing action such as I am able o optain, these
objectionable products are ihmediately removed
and s much more perfect surface condition ob-
tained.

Where peening pellets are employed, they will
of course be fed onto the work-piece by means
of the brush soc as to be projected therefrom by
centrifugal action of the latter in the same man-
ner as the granular abrasive material previously
referred to. Furthermore, as has hereinbefore
been pointed out, my improved construction of
pbrush and the method involved in iis use may be
found quite advantageous where instead of thus
feeding discrete hard particles through the brush,
other kinds of beneficiating materials, e. g In
liquid form, are thus applied to the surface of
the article being treated, without carrying any

5 granular aprasive or other additional material.

While the means and method hereinbefore
described for centrifugally discharging abrasive
or other beneficiating material onto the surface
peing treated, viz. by feeding the same info the
interior of & brush rotating at high speed, thence
to pass radially outwardly through the stranded
prush material, are considered preferable, I have
found @ like effect may be obtained by supplying,
such material at the proper point or points on the
surface of such a brush.

The term ‘surface beneficiation” as employed
nerein is to be understood as comprehending any
of the several forms of treatment mentioned,
e. g. cleaning, polishing, scale removal and re-
lieving surface tension. In addition to the lat-
ter, the application of brushing action, with or
without the conjoint application of material as
described, has heen found effective to reduce
stress concentration characteristics in the sur-
face of the treated article, where the brushing
action is applied in at least four angularly re-
lated directions, since by brushing in this man-
ner all of the upstanding edges of so-called
«craters” will be smoothed down, or substantially
removed.

The surface irregularities of metal sheets, such
as minute craters, hayve their marginal edges
effectively smoothed and rounded by the ends
of the brush bristles: passing in at least three:
angularly related directions thereacross. This:
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brushing action, by blending such sharp margins
serves to relieve stress concentrations at such
boints on the metal surface and by the same
action reduces suseceptibility to corrosion as well
as performing the function of cleaning the sur-
face. The ends of the brush bristles have a
definite beening, wiping and polishing action
which it has been found, however, must be in at
least three angularly related directions 0 be
effective on the entire circumference of each
minute surface irregularity.

Now referring more specifically to Figs. 13-16
inclusive of the drawing, the rotary brush struc-
ture there illustrated is particularly suited for
the brushing of metal sheets and strips of stain-
less steel, for example. Such brush comprises a
tubular core 183 having shaft extensions {§{ and
182 suitable for operation in bearings {83. Such
extension i6{ is shown as detachably secured
to the end portion of tubular core {08 by means
of screws 04, the interfitting ends of such core
and extension being accurately machined to in-
Sure proper alignment. While extension 162 is
shown welded to such core, it will be understood
that it may also be attached in the same manner
as extension {0i.

The porticn of the drawing to the left of the
break in Fig. 13 illustrates the manner in which
a length of brush strip 198 of the type shown in
Fig. 2q, for exaraple, may
core {83, being held in place by flat annular end
plates {83 provided with teeth §87 projecting in-
wardly through brush materia | 88 and overlying
the lip of the channel-form back of such brush
strip 1885,
means of nut 189 which is in turn secured in
adjusted position by means of set screw 119,

It wiil, of course, be seen that tubular core 166
is provided with g large number of openings {14f

therethrough adapted to feed fluid, entrained 4

abrasive and the like radially outwardly, being
generaliy similar to perforations 38 of the em-
bodiment illustrated in Figs. 2-3 inclusive. In-
stead of employing 3 strictly tubular core mem-
ber, the two extensions {4t and 182 may simply
be joined by a plurality of rods in a cylindrical
arrahgerment corresponding to core (6§ and the
brush elements mounted thereon,

The portion of Fig. 13 to the right of the break
therein illustrates the manner in which lengths
of brush strip {12 may be mounted upon the tu-
bular core 188, extending in a direction generally
barallel thereto (see also g, 14). A pluraliity of
ennular dises {13 mounted upon core {82 are pro-
vided with peripheral notehes adapted to receive
and seat brush strip {12. Screws (14 having
heads bearing upon the lips of the adjacent chan-
nel backs of such brush strip serve to secure the
latter in position against radially outward move-
ment. Keys {{5 secured to core {20 hold dises 113
against rotation relative to such core. Instead of
mounting the brush strip {12 exactly parallel to
core {88, the former may be given a somewhat
helical conformation by seating the same in pro-
gressively offset notches in the Several support-
ing dises {13.

A feed tube {16 extends axially through core
158 and the latier’s extensions 101 and (82. A
cap {17 bears a rod {18 adapted to be inserted in
the end portion of tube { 18 lying within extension
182 for the purpose of breventing the entry of
abrasive or the like. In other words, such cap
and rod constitute a removable plug. Such plug
may be removed for the burpose of inserting
cleaning tools such as brushes, when desired.

be helically wound upon 3

Such end plate is held in place by
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The right-hand end of tube {18, as viewed in
Figs. 13 and 15, extends through an axial passage-
way £i9 in extension {814, being spaced from the
wall of such bassageway, and then through a tu-
bular sealing member {28 and housing 2§ to
fluid inlet £22. A further fluid inlet 123 leads to
chamber {24 within such housing and thence
through rotary coupling member {28 to Passage-
way {i8 concentric with tube P18,

The right-hand end of tube 116 is press fitted
in housing 21 so that the two may ke turned
together about the axis of tube {46 to angularly
position the latter relative to the brush assembly
85 & whole for a purpose explained below.

Tube {16 is provided with a lengthwise slot 125
extending the length of the cavity formed within
tukular core (86 and through which an abrasive
bearing fluid or the like introduced at inlet 22
is adapted to be discharged. It is ordinarily pre-
ferred that the total area of the opening formed
by such slot shall be less than 75% of the cross-
scctional area of tube (16 t6 cause the fuid sup-
plied under pressure to tube 118 to spray cut with
sufficient forece to impinge against the inner sur-
face of core 189 rather than merely to run out
of such slot into the cavity within such core,
By varying the relative area of slot {25 and the
inner cross-sectional areg of tube 16, and the
Pressure of the fiuid supplied to tube 118, the de-
livery of the fluid within the brush core may be
satisfactorily controlied. Centrifugal force im-
parted by the rapidly rotating brush will be an
Important factor in the broper discharge of the
abrasive bearing fluid but I have also provideri
two additional means for controlling such fiow
Compressed air may be admitted through inles
128 and passage {18 to the interior of core §{n
thereby to create g bressure of any desired degres
within the brush core. The flow of such com-
pressed air out through the ports {11 in the brush
core will tend to bear with it droplets of abrasive
bearing fAuid which will accumulate at such port
openings. To facilitate such accumulation ang
to avoid incrustation of abrasive intermediate
such ports, a length of brush strip 128 is mounted
to operate against the inner surface of core 189,
Such strip is mounted on a plurality of collars
127 having radially extending flanges 128 slotted
to receive such strip.  Such collars are fixedly
positioned on tube {1§ by means of set screws or
the like and strip {28 ig held in the slots in an-
aular flanges 128 by means of screws [29. Slot
125 in tube 116 may conveniently be made by
eans of a saw and then collapsed to the desired
transverse dimension. Coliars 127 also serve the
additional purpose of breventing such slot from
thereafter opening out again.

While the number of such coliars will depend
upon the length of the brush, there wiil be at
least two of the same adjacent the respective €x-
tensions {61 and {02, As shown in Fig, 16, por-
tions of the collar will desirably be cut away at
{80 so that slot {25 will be obstructed ag little as
possible. As shown in Fig. 14, brush {28 will
ordinarily be mounted diametrically opposite to
slot 25 and in any case positioned so as not tg
obstruct such slot.

A seal (31 is carried by a dished disc 132
mounted on the end of collar 127 adjacent ex-
tension 16! and serves to prevent entry of any
abrasive from the interior of core 180 to passage-
way [18. Compressed air admitted at inlet 123
is effective to escape past such seal into the in-
terior of core 100 and thereby further insures that
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no abrasive will enter passageway {19 or on the
bearing surface of such seal.

A similar seal {33 is provided on the collar
adjacent extension 102 for a similar purpose, but
in this case the air pressure within the core acts
to close such seal and prevent entry of abrasive
to the passages therebeyond.

The set screws {34 holding collars §27 in place
will desirably be located to bear on tube {18
closely to either side of slot 128 so that the
lateral dimension of such slot may be closely con-
trolled and prevented from widening.

1t will be noted that the methed of mounil
the brush strip 112 as shown in the right-hand
side of Fig. 13 and in Fig. 14 spaces such sirip
from core {88 and also spaces the lengths of
strip one from another to facilitate outward dis-
charge of the abrasive or like material with a
minimum opportunity for clogging.

This application is a continuation-in-vart of
co-pending applications Serial No. 632,821, filed
December 5, 1945, and Serial No. 668,391, filed May
9, 1946, which are in turn continuations-in-part
of Serial No. 437,648, filed April 4, 1942, such ap-
plications having now hecome abandoned.

Certain subject-matter disclosed but not
claimed herein is, moreover, disclosed and claimed
in my co-pending applications Serial No. 404,431,
fled January 18, 1954, and Serial No. 404,680,
filed January 18, 1954.

Cther modes of applying the principles of the
invention may be employed, change being made
as regards the details described, provided the
festures stated in any of the following claims or

he equivalent of such he employed.

1 therefore particularly point out and distinctly
claim as my invention:

1, In apparatus for removing scale from mebal
sheeis, the combination of a vevoluble roll, 2
rotary brush mounted opposite said roll on an
axis paraliel to the axis thereof, and means for
progressively flexing a metal sheet with the con-
cave surface thereof engaging said roll and the
corresponding cOnvex surface engaging said
brush, said msans including bending rolis located
on opposite sides of said firgt-named roil and dis-
posed arcuately to bend such strip to a curve of
greater diameter than the diameter of said first-
named roll.

9. In apparatus for removing seale from metal
sheets, the combpination of a reveluble roli, a
rotary brush mounted opposite said roil on an
axis parallel to the axis thereof, and mezans for
progressively flexing a metal shest with the con-
cave surface thereof engaging said roll and the
corresponding convex surface engaging said
brush, sald means including bending rolls located
on opposite sides of said first-named roll and
disposed arcuately to bend such strip to a curve
of greater diameter than the diameter of said
first-named roll whereby the area of contact of
such sheet with said roll is limited approximately
to the area of contact of said brush with such
sheet.

3. Apparatus for removing scale and the like
from clongated metal articles comprising driven
roils operative continuously to advance such ar-
ticle, spaced sets of pinch rolis adapted to grip
such advancing article and means operative to
drive said sets of rolls at different speeds uniform-
1y to stretch such ariicle to loosen such scale, Pow-

er driven rotary brushes arranged to engage and’

pbrush the same surface of such stretched ad-
vancing article in at least two substantially differ-
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ent angularly related directions, and power means
operative to drive said brushes. )

4. Apparatus for removing scale and the like
from elongated metal articles comprising means
operative continuously to advance such article,
means operative to streteh such advancing article,
and rotary hbrushes arranged and disposed to
prush the same surface of such stretched ad-
vanecing article in at least four directions, ai
least two of such directions being angularly re-
lated to each other.

5. Apparatus for removing scale and like super-
seial coatings from elongated metal articles com-
prising means operative to stretch the surface
of such article to loosen such superficial layer,
and two pair of rotary brushes adapted to en-
gage such surface, the brushes of sach pair having
parallel axes and being driven in opposite direc-
tions, and the axes of one gaid pair being dis:
posed at an angle to the axes of the other said
pair, whereby each point on such surface may
be brushed in four different directions.

6. In combinaticn, means operative continu-
gusly to advance an clongated article such as 2
metal sheet or the like, means adapted to bend
such advancing article to stretch the convex sur-
face of the same, a rotary drum brush disposed
and arranged to engage with its peripheral sur-
face such convex suriace, and means operative
to project a blast of discrete abrasive particles
forcefully and generally radially against such con-
vex surface in the same region simultaneously
engaged by said brush to abrade the same.

7. Apparatus for surface covditioning elon-
gated articles such as steel rods and the like
comprising drive rollers engaging such rod con-
tinuously to advance the same, spaced sets of
said drive rollers being adapted for operation ab
different speeds to stretch such rod longitudi-
nally therebetween, a plurality of rotary brushes
arranged about such stretched rod on axes trans-
verse thereto and adapted to engage and to-
gether brush the entire peripheral surface of
such rod longitudinally thereof, and & plurality
of rotary brushes arranged about such stretched.
rod on axes substantially parallel thereto and
adapted to engage and together brush the en-
tire peripheral surface of such rod circumferen-
tially thereof.

¢. Apparatus for surface conditioning elon-
gated articles such as steel rods and the like com=~
prising means operative continuously to advance
such rod longitudinally, a plurality of rotary
prushes arranged about such rod on axes trans-
verse thereto and adapted to engage and to-
gether brush the entire peripheral surface of such
7od longitudinally thereof, and a plurality of
rotary brushes arranged about such rod on axes
substantially parailel thereto and adapted to en-
gage and together brush the entire peripheral sur-
face of such rod circumferentially thereof.

9. Apparatus for conditioning elongated metal
grticles comprising two spaced sets of driven
rolls operative frictionally to grip and continu-
ously to advance such article in the same direc-
tion, means operative to drive the second set
of said rolls at a rate to advance such article
more rapidly than the rate which the first set
of said rolls affords, thereby to stretch such
article in a region intermediate said sets of rolls,
and a plurality of power driven rotary brushes
10cated to engage and brush the surface of such
advancing article in such intermediate region.

10. Apparatus for treating the surface of elon=-
-gated metal articles such as strip and the like
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comprising means operative continuously to ad-
vance such article, means operative to stretch
the surface of such advancing article, at least
three power driven rotary brushes arranged se-
quentially to engage the same portions of such
surface at positions subsequent to the location
of such stretching operation by said stretching
means, the axes of said brushes extending trans-
versely of the path of travel of such advancing
strip and angularly related to each other where
engaging the same portions of the surface, and
drive means for said brushes operative to ro-
tate the latter at high speeds and to drive two
of said brushes in opposite rotative directions.
11. Apparatus for treating the surface of elon-
gated metal articles such as strip and the like
comprising means operative continuously to ad-
vance such article, means operative to stretch
the surface of such advancing article, at least
two power driven rotary brushes arranged se-
quentially to engage the same portions of such
surface at positions subsequent to the location
of such stretching operation by said stretching
means, the axes of said brushes extending trans-
versely of the path of travel of such advancing
strip and both being angularly related to each
other and to such path where engaging the same
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portions of the surface, and drive means for said
brushes operative to rotate the latter at high
speeds and in opposite rotative directions.
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