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1

The present invention relating as indicated fo
the conditioning of metal sheets, strip, rod and
the like has more particular regard to means and
methods for attaining such beneficiating effects
as the removal of scale and other closely adherent
coatings and small slivers, and the rounding of
the sharp edges of small pits and seratches, and
reducing differences in hardness and associated
physical qualities of small adjacent surface areas
and small adjacent subsurface component for-
mations, and cleaning and polishing the surface,
and reducing surface tension on such articles by
brushing action and by the conjoint action, on
the surface being treated, of a brush and of
auxiliary materials such as abrasive, peening
pellets, cleaning and coating materials.

" The addition of an abrasive to a brushing oper-
ation in order to clean the surface of a metal
sheet or like article by an ordinary scouring oper-
ation is, of course, well known. Thus, floors have
been long cleaned and polished in this manner.
It has also been proposed to clean sheet metal
plates (see Patent No. 451,263 to Buckman) by
similarly supplying an abrasive, e. g. sand, to the
surface of the sheet in advance of the application
thereto of a rotary brush. However, such simple
scouring treatment has not proved effective for
the removal of closely adherent oxide coatings,
such as heat formed scale, from sheet or strip
steel or rod, in order to prepare such metal for
further reduction as by rolling or drawing or to
prepare the surface of such.metal for plating
with another metal, such as tin or zinc, or to
receive and retain a paint, lacquer, or enamel
coating, without employing more costly, objec-
tionable and less beneficial pickling processes.

An aspect of the continuing problem presented,
of scale removal by a brushing operation, is evi~
denced by Patents Nos. 1,440,619 to Noyes et al.
and 2,335,156 to Pecsok, which respectively dis-
close different methods of applying a brush to the
surface of a sheet in an endeavor to secure com-
plete scale removal. But other aspects include
the removal of small slivers and the sharp edges
of pits and scratches which are not removed by
prior methods and which when not removed be-
come, upon subsequent rolling, drawing, or the
like, the sources of miniature seams and the
starting points of fractures when an article made
from the metal sheet, strip or rod is subjected to
stresses of manufacture and use. Also a phase
of the problem involves the minimizing of dif-
ferences ih hardness and associated physical
qualities of small adjacent surface areas and
small adjacent subsurface component formations,
which differences, when permitted to become
exaggerated, reduce the facility with which the
‘metal may be worked and reduce some of. the
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desirable qualities of the articles made there-
from: Some commonly used methods and means,
such as for example scale-breaking and subse-
quent pickling to remove the scale, exaggerate
such differences and therefore have serious detri-
mental effects while achieving the main objec-
tive.

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, small slivers, and other objectionable sur-
face irregularities from metal sheets, strip, rod
and similar articles. I have discovered that if
such abrasive material be forcibly discharged
onto the surface of a sheet simultaneously with
the application of a brush thereto or immediately
in advance of such application, 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 desir-
able, a rotary brush is employed, such brush it-
self 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 eﬁi-
ciency of the brushing action proper.

While in the case of metal sheets and strip,

they will at times desirably be arcuately flexed to

present a convex surface to the brush, as taught
by the above-cited Pecsok patent, the present im-
proved method of conditioning sheets, ete., is not
limited to such procedure but may be utxhzed in
connection with fiat sheets, strips or like articles
or with sheets or strips arcuately flexed to present
a concave surface to the brush.. Furthermore, in
such method I may utilize abrasive material
either in dry granular form having vari ous de-
grees of fineness or such abrasive may be carned
by a suitable liquid vehicle. 'The invention fur-
ther comprehends improved means for conduct-
ing the abrasive in either such form to the br ush
in such manner as to utilize the centrifugal action
of the latter to foreibly discharge the abrasive
onto the sheet.

To the accomplishment of the foregoing and
related ends, said invention, then, consists of the
means hereinafter fully described and particular-

- ly pointed out in the claims, the annexed draw-

ings and the following description setting forth
in detail certain means and one mode of carrying
out the invention, such disclosed means and

‘modes illustrating, however, but one of various
‘ways in which the principle of the invention may

be used.

In said annexed drawings:

Fig. 1 is a diagrammatic side elevational view
of one form of apparatus constructed in . ac-
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3 .
cordance with the present invention. and show-
ing a metal strip in process of being acted upon
thereby;

Fig. 2 is a central longitudinal section of one
of the brushes, shown as 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. 2a shows a detail of Fig. 2 on larger scale;

Fig. 3 is a transverse section of such brush, the
plane of the section being indicated by the line
3—3, Fig. 2; -

Fig. 4 is a diagrammatic side elevational view
of one form of apparatus constructed in ac-
cordance with my invention and showing a metal
strip in process of being acted upon thereby.

Referring to the construction of apparatus il-
lustrated in Fig. 1, such apparatus will be seen
to comprise two rolls-i and 2, about which the
metal strip S is passed in such manner that each
side of the strip will be respectively subjected to
the action of rotating cylindrical brushes 3 and 4
which are disposed with their axes respectively
parallel to the correspending rolls (which may be
disposed at desired angles to the longitudinal
axis of the strip) and so spaced in relation there-
o that the brushes will contact with the arcuate-
1y flexed portions of the sheet as it passes over
and is supported by said rolls 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 brushes 3 and 4 will
be rotated in a direction 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,
or in a reverse direction, or alternately first in
one direction and then in another for short pe-
riods of time, Certain brush materials work best
when they are continually sharpened by alter-
nately operating the brush first in one direction
and then in the other. Also, the direction of
operation of a brush determines which sides of
pits or scratches and corresponding sharp edges
of which will be most effectively rounded by a

given brush. It is, therefore, desirable to em-~ 4

ploy several brushes and to have their respec-
tive directions of operation so adjusted and
periodically alternated as to have their effective
operational directions adjusted to several differ-
ent related angles.
be power driven, either by direct motor drive or
otherwise as found desirable or convenient, the
brushes preferably being rotated rapidly, for ex-
ample at approximately 3000 R. P. M. in the case

of a 12 in. diameter prush, which will be approxi- :

mately equal to an average of 9000 F. P. M. during
the useful life of the brush, while the strip of
course moves at a much lower speed, relative to
the speed at which the contacting brush surfaces
travel. Brushes larger than 12 inches in di-
ameter will often be preferred.

For the purpose of feeding the sheet to the
rolls 1 and 2, as it is received from roller con-
veyor § it passes between relatively adjustable
bending rolls 6, T and 8 whiech serve to arcuately
bend the strip to a curve of somewhat greater
diameter than that of roll i. .The strip then
passes between guide rollers 9 and (0, which di-
rect it into substantially tangential relationship
to the surface of the roll directly opposite brush
3. Beyond the roll 1 the strip passes between
rollers 11 and 12, which are disposed in a rela-
tionship to said roll complementary to that of
rollers 9 and i0.

As 2 result of the disposition of the two. pairs

The rolls and brushes will :
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of guide rollers the area of contact of the sheet
S on its concave side with the roll { is limited
substantially to that of the area of confact of
its convex side with the opposed rotating brush 3.
The brush will be set no more tightly against
the sheet or strip S than necessary to obtain the
desired effect, since the coefficient of friction be-
tween the brush and the strip increases more
rapidly than the square of the pressure, and the
power consumption is of course a factor of im-
portance. Over-brushing of the metal surface
furthermore - may have detrimental effects in
forming characteristic irregularities and remov-
ing and displacing too much. metal.

Directly below the point of tangency of roll |
and brush 3 is an exhaust collector 13 adapted
fo receive the particles of scale removed frcim
the sheet by the action of brush 3 as well as
additional granular abrasive material which, as
will presently be described, will be supplied to
the brush for use as in the treatment of the
sheet. A suction fan i4, connected with collecior
13, serves to convey the abrasive including of
such scale along a duct i5 in which is interposed
a screen (6 whereby the larger particles are
caught and collected in a trap 11. The remain-
ing, finer particles of scale are delivered by duct
15 to a hopper {8 located convenienfly adjacent
brush 8 from which such abrasive particles may
be supplied to the brush in the manner presently
to be described,

Returning to the progress of the sheet S, after
leaving guide rollers 11 -and 12 it then continues
between bending rolls 20, 21 and 22, whereby it
is arcuately bent in the opposite direction from
that given it by the first-mentioned set of bend-
ing 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
23, 24 and 25, 26 which, like the previously men-
tioned pairs of guide rollers, serve to limit the
area of contact which the strip or sheet S has
with roll 2. Finally, the sheet is received between
straightening rolls 27, 28 and 29 which straighten
the strip and enable it to continue in its original
direction along the roller conveyor 38. Associated
with brush 4 is-a collector 31 and suction fan 32,
which -are connected with a suitable hopper as-
sociated with brush & through a duct (net shown),
in the same manner as in the case of the col-
lector and hopper associated with brush 8. If
brushes 3 and § are adapted to be periodically
reversed in operation, as preferred, then of course
similar collectors should also be provided at the
other side of the brush.

As indicated, the rotary brushes 3 and 4 which
are disposed to operate on the convexly flexed sur-
face of the sheet as it moves through the appara-
tus will in effect be duplicates of each other, be~
ing designed to perform the same operation on

opposite sides of such sheet; furthermore, each

such brush is so constructed as to adapt the same
to forcefully project abrasive material onto such
convexly fiexed surface of the sheet. A preferred
construction of brush designed to operate in the
manner just referred to is shown in Figs. 2, 3 and
2a, which will now be described. As there shown,
the body of the brush comprises two oppositely
disposed hub members 35 and 39 respectively pro-
vided with bearing sleeves 35¢ and 38e whereby
said members may be rotatably supported in suit-
able journals. Fitted to said hub members is a
cylindrical shell 3T that is provided with a suit-
able number of properly spaced perforations 38
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through the portion thereof lying between the
hub members to permit the discharge outwardly
through such shell of abrasive material supplied
1o the interior thereof. Mounted in turn on shell
3T is ‘a body 39 of radially extéending stranded
brush material. This material may constist 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 40 in a channel form base
41 which may be either in the form of an annulus
or wound helically 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 against the corresponding sides of the as-
sembled body of brush material and serve both
to secure the latter to the shell 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. 2a, are formed with alternate depressed
‘areas and intermediate lands so that radial pas-
sages will be left between adjacent bases (or sec-
tions of the base where helically wound on the
shell) and the number and disposition of the
perforations 38 in the shell 37 will be such that
a substantial portion, if not all, of the passages
thus provided will coincide in location with stuch
perforations so that abrasive supplied in the man-
ner previously referred to may pass through the
latter and such passages and thence outwardly
in between the stranded brush material.
relatively free flow of abrasive is further fa-
‘cilitated by rounding the lower corners of the
channel form bases so that circumferential pas-
sages are provided between adjacent bases which
will further insure connections between the per-
forations in the shell and such radial passages.

The specific construction just described, where-
by provision is made for the flow of abrasive
from within the shell 37 into the body of stranded
brush material, forms the subject matter of my
Patent No. 2,409,309, dated October 15, 1946, and
it will be understood that where different methods
of attaching the stranded brush material to the
brush body are employed, other means for pro-

viding for such flow may require to be used. In .

other words, the illustrated construction is to be
considered merely as constituting one form of
brush body wherein provision is made for such
flow of abrasive from the interior thereof radial-
1y outwardly into the stranded brush material.
Purther 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 35
and 36. The intermediate portion of the shaft,
i. e. that lying between such hubs within shell 37,
is provided with s longitudinally aligned series
of apertures 46 through which abrasive or other
flowable material may be introduced into the hol-
low interior of the brush body. Such material
‘may be supplied from any suitable source to the
tube through either end thereof, the right-hand
end being shown 4as selected for the purpose in
Fig. 2. A solid rod 47 inserted in the other end
of the tubular shaft serves to close off such end
and being reciprocable said rod may be utilized
for the further purpose of cleaning out the in-

Such -
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therein, become clogged. A S
* Tube. 45 is not directly in contact with the
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openings in the hubs 35 and 35, but the portion
thereof lying within hub 35 is surrounded by a
second tubular shaft, or rather sleeve, 48 which
serves as a close fitting bushing within which
such shaft may be angularly. adjusted, i. e. ro-
tated about its axis so as correspondingly to vary
the angular position of the series of perforations
4§ in relation to the axis of the shaft. The por-
tion of the shaft 45 which lies within hub 38 is
similarly surrounded by a closely fitting tubular
shaft 438 and said shaft 49 is in turn surrounded
by a second tubular shaft or sleeve 59, the func~
tion of which is the same as that of sleeve 48
except that, as indicated, said shaft 48 is inter-
posed therebetween and the innermost tubular
shaft 45, Said shaft 49 projects into the hollow
interior of the brush body %nd desirably includes
an axially spaced extension in the form of a
separate ring 51 that lies adjacent the inner face
of hub 3§, and fixedly attached to these portions
of said shaft 49 is a radially projecting wiper 52.
‘While the latter may take on various forms, it
will desirably consist, as best shown in Fig. 3, of
o straight channelform base 53, similar to the
base employed to hold the brush material com-
prised in brush body 39, and a doubled layer of
stranded brush material which is secured in such
base just as the previously mentioned brush ma-
terial is secured in the channel bases 4i. The
wiper thus  constructed extends substantially
across the space within shell 37 lying between the
two hubs 35 and 35 and is of such radial extent
that its outer edge, which, where the blade is
formed of stranded brush material, will consist
of the ends of such strands, will frictionaily
engage with the inner face of said shell.

Shaft 49 is normally held against rotation by
suitable means and as a result rotation of the
inner face of the shell 37 about such wiper serves
to clear the perforations 38 in such shell should
they become clogged. while the brush is in use.
However, when desired, tubular shaft 9 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 ad-
justing said shaft 48 and for retaining the same
against rotation as desired, e. g. a worm gear 4%a
attached fo. the projecting outer end of the shaft
and a worm 480 engaging said gear.

In order to facilitate insertion and removal of
shaft 49 with the wiper thus carried thereby, a
radial slot 54 is cut in hub 3%, such slot being of
proper width to permit the ready passage there-
through of the blade, however constructed.
When the blade is in its operative position, as
shown in Figs. 2 and 3, such passage will be closed
by & plug §5 that is held in place by means of a
flange on the bushing 38a.

While the wiper: assembly must be inserted
before the brush is placed in its bearings, there-
after 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 reciprocable clean-out
shaft or plug 47, all without disturbing the brush
set-up.

The manner in which a brush constructed as
just described is utilized in a brushing operation
such as that illustrated in Fig, 1 will now ke set
forth. Assuming the open end of feed tube 45

_to be connected with a suitable supply of granular

abrasive, or other material such as more fully set
forth later herein, which may be carried by a
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stream of air or other suitable vehicle moving ab
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 37 and thence to dis-
charge the same at an accelerated rate of move-
ment through the stranded body of brush mate-
rial.
effectively controlled by rotating the feed tube so
as to vary the angular direction of the openings
4§ therein, through which such abrasive 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 brushed along the
line of contact ¢f the brush therewith, or in ad-
vance of such line, as desired. - Such direction of
discharge may be further controlled by utilizing
the wiper B2 as a deflector, to which purpose it
is equally well adapied. In other words, by
proper angular adjustment of the feed tube and
of such wiger thus serving as a deflector, the
angle at which the major portion of the abrasive
will be discharged from the brush can he fairly
closely controlled.

Tt is not necessary of course that all of the
particles of abrasive should fall within a defined
area on the sheet, but merely that the major por-
tion thereof should do so. In order to catch such
particles as may be thrown heyond the desired
area, any suitable forin of enclosure or guard may

be employed. It will be further understood that s

while reference has been made in the foregoing
description of the operation of my improved
brush o the use of a granular abrasive conveyed
by 2 stream of air, other media, including a suit-
able liguid, may be employed, such liquid carrying
the abrasive being discharged In the same man-
ner. Moreover, for certain purposes the material
supplied to the brush for the purpose of thus
being centrifugally discharged therefrom may
consist wholly of a liquid medium capable of hav-
ing a beneficiating effect on the surface of the
sheet as it is being brushed.

While my improved method and apparatus for
surface beneficiating metal sheets and the like
has been described with special reference to the
removal of scale and like closely adherent coat-~
ings, no limitation to such particular use is to
be implied. Thus, by employing other forms of
diserete hard particles instead of granular
abrasive, e. g. peening pellets of properly selected
size, such method and apparatus may be equally
weill employed in the peening treatment of sheets
and like metal particles.

In peening practice as ab 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
keing treated, there is at the same time produced
a 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 ac-
tion interfered with but the surface itself may
be permanently marred. However, by combin-
ing with the impact action of peening pellets a
phrushing action such as I am able to obtain,
these objectionable products are immediately re-
moved and a much more perfect surface condi-
tion obtained.

The direction of such discharge can be -
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Where peening pellets are employed, they will
of course be fed onto the work-piece by means of
the brush so as to be projected therefrom by cen-
trifugal action of the latter in the same manner
as the granular abrasive material previously re-
ferred to. Furthermore, as has hereinbefore
been pointed out, my improved construction of
prush and the method involved in its 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 sur-
face of the article being treated, without carry-
ing any granular aprasive or other additional
material.

While the means and method hereinbefore de-
seribed for centrifugally discharging abrasive or
other beneficiating material onto the surface be-
ing treated, viz. by feeding the same into the in-
terior of a brush rotating at high speed, thence
to pass radially outwardly through the stranded
brush material, are considered preferable, I have
found a like effect may be obtained by supplying
such material at the proper point or points on
the surface of such a brush as more fully set
forth in my co-pending application Serial No.
196,408, filed Novemer 9, 1949.

The term “surface beneficiation” as employed
herein 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.

Referring now more particularly to Fig. 4, the
apparatus in the form therein disclosed com-
prises two rolls 92 and 93 about which the metal
strip 94 is adapted to pass in such manner that
each side of the strip will be respectively sub-
jected to the action of brushes 95 and 96. These
brushes will generally be rotating at speeds in
the vicinity of 9000 F. P. M. and their directions
of rotationy will desirably be periodically re-
versed, the rate of travel of the strip ordinarily
being sufficiently slow that no consideration need
be given thereto in this connection. The strip
of course is moving at a much lower relative
speed.

The end of the strip approaches the machine
sliding along conveyor 971 until it strikes large
roll 92 whereupon ‘the end of the strip is de-
flected and received hetween the surface of such
roll and a small auxiliary roll 93 carried by a
spring-backed mount 99 provided with an
adjustable stop £00 operative to limit maximum
movement of roll $8. Rotation of roll 92, which
is driven from any suitable power source, then
operates to pull the strip into the nip of the two
rolls and the strip is driven forward against roll
100 which is mounted in.a manner similar to roll
88 and very close: to the latter (detailed mount-
ing means not shown for purposes of clarity).
The sheet is then driven onward between rolls
92 and {01 and becomes arcuately bent through
the interaction of rolls 92, 98 and 1081 to a radius
substantially conforming to the surface of roll
92. 'The sheet next passes under a spring loaded
shoe {02 carrying one or more rollers 103 simi-
larly operable to bear upon the sheet. The
smooth curved surface of shoe 102 adjacent roll
92 is sufficiently removed from roll 82 to afford
ample clearance for passage of the strip but
serves to deflect such strip should the latter fail
closely to conform to the surface of roll 92.
Spring 104 is effective to cause rollers {83 to bear
on the strip with considerable pressure in order
to maintain the latier in tight engagement with
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roll 92 as it passes beneath brush 95. A second
spring loaded shoe 105 provided with similar rol-
lers 106 cooperates in maintaining the strip in
close engagement with roll 92.

The strip then passes over pulley roller 107
and follows conveyor 109 to roll 93 where it
Dbasses between roll 93 and rolls 98’, 181’, 103’,
and 106’, these rolls corresponding in mounting
and function to the similar rolls above de:cribed.
Deflector 110 starts the strip from roll. 83 where-
upon it passes between rolls 1{f, 112, and (i3
which have a straightening effect upon the strip
which now resumes its course in its original di-
rection along conveyor (4.
driven similarly to roll 92, either through a train
of gears or alternatively by means of a separate
electric motor, for example, which may be
caused to turn roll 93 at a slightly greater speed
than roll 92 to aid in keeping the strip tight.

Directly below the point of tangency of roll 92
and brush 95 is an exhaust collector {15 adapted
to receive the particles such as scale discharged
by the action of the brush. An appropriate
blower (16 forces the scale along duct 117 to
screen {18 where the larger particles are caught
and collected in trap (9. The finer particles of
scale are carried to hopper 120 from the bottom
of which they are fed or preferably forced to the
outer periphery of the rapidly rotating brush 95.
In other words, the material in question may
thus be supplied to the work either by a con-
trolled gravity feed of any usual type or by an
air blast of familiar construction, and the ma-
terial may be thus discharged against the surface
of the strip being treated with only a portion
being delivered to the periphery of the brush
prior to engagement with such strip. A similar
system, the parts of which are identified by like
numerals, is provided for brush 96. Since the
details of the system form no part of the present
invention, it has been considered unnecessary to
illustrate other than in diagrammatic fashion
the specific construction of feeding means,
whether gravity or air blast, thus associated with
hoppers 120.

This application is a continuation-in-part of
- my co-pending application Serial No. 668,391
filed May 9, 1946, in furn a continuation-in-part
of Serial No. 632,831 filed December 5, 1945, and
Serial No. 437,648 filed April 4, 1942; and also of
my co-pending application Serial No. 126,408
filed November 9, 1949. Such applications Se-
rial Nos. 437,648; 632,831; and 668,391 have been
abandoned without prejudice in favor of this
present application.

Other modes of applying the principle of the
invention may be employed, change being made
as regards the details described, provided the
features stated in any of the following claims or
the equivalent of such be employed.

I therefore particularly point out and distinetly
claim as my invention:

1. In a method of removing scale from a metal
sheet, the steps which comprise flexing the sheet,
brushing the convex face of the latter, and simul-
taneously supplying to the face thus being
brushed an abrasive consisting substantially en-
tirely of previously removed scale particles,

2. In a method of removing scale from a metal
sheet, the steps which comprise flexing the sheet,
brushing the convex face of the latter, collecting
the particles of scale removed from such sheet by
such brushing operation, and supplying such
particles to the face of the sheet while subjected

to such brushing step.

Roll 93 may be
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3. The method of cleaning a metal surface
which comprises progressively flexing such sur-
face convexly, brushing such flexed surface nor-
mal to the line of flexing throughout such line,
and simultaneously forcefully projecting abra-
sive material onto such convexly flexed surface.

4. The method of cleaning a metal surface
which comprises progressively flexing such sur-
face convexly, brushing such flexed surface nor-
mal to the line of flexing throughout such line,
and simultaneously supplying abrasive material
to such brush in such relation as to be projected .
thereby onto such convexly flexed surface.

5. The method of removing scale from a metal
sheet which comprises progressively flexing such
sheet convexly to raise the edges of the scale
particles, and forcefully projecting abrasive ma-
terial in a general tangential direction onto such
convexly flexed portion of the sheet.

6. The method of removing scale from a metal
sheet which comprises progressively flexing such
sheet convexly to raise the edges of the scale
particles, brushing such convexly flexed portion
of the sheet normal to the line of flexing
throughout such line, and simultaneously force-
fully- projecting abrasive material in a general
tangential direction onto such convexly flexed
portion of the sheet.

7. The method of removing scale from a metal
sheet which comprises progressively flexing such
sheet convexly to raise the edges of the scale
particles, brushing such convexly flexed portion
of the sheet normal to the line of flexing
throughout such line, and simultaneously supply-
ing abrasive material to such brush in such rela-
tion as to be projected thereby onto such con-
vexly flexed portion of the sheet.

RUBEN O. PETERSON.
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