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This invention rclates to the art of polishing or surface
finishing and more particularly to a method and means
for polishing the surfaces of metals and the like matcriais
in a low cost, conlinuous, mass production technique.

In my copending application, Serial No. 793,704, filed
February 17, 1959, and entilled “Polishing Method and
Device,” description is made of a novel method and
means for porduciag a pelished metal surface, In ac-
cordance with the concepts of the aforementioned appi-
cation, a high polish can be achieved on the surface of
a work picez of metal or the like by the projection of a
parficulate resilient material onto the surface in a manner
which provides for a relative movement between the
surface of the proiccted material and the surface of the
work in the presence of a polishing or buffing agent.
For this purpose, the resilient particulate material is
thirown onto the surface of the work with a combination
of linear and non-linear movement for travel directionally
towards the work with a nen-Jinear movement, such as a
spinning movement, such that the desired rclative move-
ment will occur between the surface of the particulate
substance and the work during the time that the parlicu-
late material is in engagement therewith.

In a device of the type described, tie particutale sub-
stance acquires 2 rolling motien as the particulate sub-
stance in the form of a pellet is displaced centrifugally
outwardly over the surface of radially extending vanes
rotated at high speed about a central axis. In such ar-
rangement, the spinning motion is a function of the linear
speed, whereby it becomes difficult to vary the ratio as
between linear and non-linear movement, as might be
desired for various purposes.

it has been found that considerable advaniage can be
derived from fexibility of operation to impait o high de-
gree of relative movement to the particulate substance
prior to engagement with the surface to be treated and
to permit variation as to the linear .peed and relative
movement lo increase or decrease one or the other or
both jn response to a particular state of desirable con-
ditions.

Thus, it is an object of this invention to provide a
method and means for imparting lirear and non-linear
movements concurrently to particulate resilient sub-
stances for use in surface treatmant, und it is a related
object to provide a method and means for varying the
degree of linear to non-linear movement for increase or
decrease of one relative to the other.

hMore specifically, it is an object of this invention to
provide a methed and means for projecting resilient par-
ticolate substances linearly directionaily onto a surface
for treatment while simulaneously imparting a spinning
or rotational movemendt of said particulate substance, and
it is a rclated object to provide means of a tvpe described
wherein the degree of linear and spinning uction can be
varied to increase or decrease one or the other or hoth,

These and other objects and advantages of this inven-
tion will hereinafter appear and for purposss of illustra-
tion, but not of limitation, an embodiment of the inven-
tion is shown in the accompanying drawings in which-—

FIGURE 1 is a perspactive schematic view of a device
embodying the cencepts of this invention;

FIGURE 2 is a perspective view similar to that of
FIGURE 1 showing a slight modificatton thereof;
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FIGURE 3 is a perspeclive view similar to that of
FIGURE 1 showing a still further modification of a
device embodving (he features of this invention;

FIGURE 4 is a perspeclive view similar to that of
FIGURE 1 showing = stitl furiher modification of a de-
vice which may be employed in the practice of this in-
vention;

FIGURE 5 is a perspective view of a device similar
to that shown in FIGURE 3, but embodying a modifica-~
tion thercof;

FIGURE 6 is a scctional view illustrating a still fur-
ther modification cmbodying the fealures of this inven-
tion; and

FIGURE 7 is a sectional view showing a modification
of the construction ilinstrated in FIGURE 6.

It has been found, in accorduance with the practice of
this irvention, thai the desired combination of linear
motien and non-linear or spinning motion can be im-
parted fo such particnlate substance when the particulate
suibstance is engaged at opposite sides by two surfaces
moving in opposite directions, but when the one surface
is mowing at a higher rate of linear speed than the other
surface. Under such circumslances, the particulate sub-
stance will be displaced in a linear direction between
such surfaces while simultaneously imparting a spinning
motion. By variation ¢f the surface speed of the surfaces,
the lincar speed and the spinning speed of the particulate
substance can be varied to any desirable degree, since
the finear speed will be found to be a function of the dif-
ference of the speeds of the two surfaces while the spin-
ning speed will be found te be a function of their sum.

Having set forth the basic concepts of this invention,
iltustration wiill now be made of various methods and
means whereby these concepts can be put into practice.
For this purposse, the construction and arrangement of
elements will be set forth diagrammatically for the var-
ious medifications embodying the practice of this inven-
lion, it being understood that adaptation to commercial
practice can be fully derived therefrom.

With reference now to FIGURES 1 and 2, illustration
is made of a device embodying a pair of roilers 20 and
22, mounied for rotational movement about parallel hor-
izontaily disposcd axes 24 and 26 with the periphery of
the rollers being spaced one from the other to provide
an area 28 therebetween, dimensioned to correspond fo
the cross-section of (lie resilient particulate substance,
such as the pellets 30, whereby the resilicnt petlets will
be in surface engagentent with the peripheral surface of
the adjacent rollers when displaced (herebetween.

The roilers 28 and 22 are adapted to he rotated by
conventional drive means, such as an clectrical or other
power driving motor (not shown) provided with sheaves
on the drive shaft for interconmection by belts with
pulieys, mounted on the ends of the roller shafts for
rotational movement. Other conventional means, such
as gear means, or even sepavate motor drives may be
employed, for individual rotational driving movement of
the rollers.

The rollers 28 and 22 should be rotated in the same
angular direction, that is, each roller should be rotated
about its axis in the clockwise direction, as indicated by
the arrows in TIGURE 1, or else in the counterclockwise
direction; however, one roller such as roller 20 shouid
be driven at a rate to provide for higler peripheral speed
than the other., There are various ways in which this
can be accomplished. If both of the rollers are of the
sames diameter, then the one roiler 20 should be rotated
at a higher namber of revolutions per minute than the
other. Tastead, tha rolicrs may be rotated at the sanie
aumber of revolutions per minute if ore roller 20 is
larger in dianseier than the other roller 22» to provide
for a greater peripheral speed by compartison to the other
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roller. Still further, hoth speed and diameter may be
different to provide for still greater flexibility in differ-
ential speed on the adjucent surfaces between which the
patticulate substances or pellets are displaced.

Assuming now that the peripheral surfaces of the roll-
ers are traveling at different speeds, with the surface of
the roller 20 traveling at higher speed than the adjacent
surface of the other roller, when peilets 3¢ arc introduccd
into the bight between the two rollers, the pellets will
be displaced downwardly between the two rollers at a
rate which is a function of the difference between the
surface speeds of the two rollers; and as a result, as the
pellets are released from between the two rollers, they
will be thrown linearly from the rollers at a velocity which
has a close relationship to the rate of displacement or
momentum built up during displacements between the
rollers. Simultaneously, the engagement of the pellets
by the surfaces moving in opposite directions will im-
part a relative movement of the peilefs which will be
a direct function of the sum of the surface specds of the
two surfaces to cause Totational movement of the pellets
at high speed as they are relcased by the rollers. Thus,
the pellets arc given a linear movement in combination
with a rotational movement as they leave the rollers and
are thus thrown onto the surface of the work 32 te be
polished or otherwise processed.

The linear movement of the pellets can be increased
by increasing the linear speed of the one roller 20 by
comparison with the other or by decreasing the surface
speed of the other roller 22 or otherwise increasing the
differential between the speeds of the surfaccs. Con-
versely, the linear movement imparted to the pellets
can be decreased by decreasing the differential between
the surface speeds of the rollers as by decreasing the

speed of ome or increasing the speed of the other, but.

always with a positive differential in favor of the roller
turning in the direction for displacement of the pellets.

The tuming movement of the pellets can be increased
without increase of lincar movement by increasing the
surface speeds of both of the rollers or turning movement
can be decreased by decreasing the surface speeds of both
rollers. Turning movement and linear speed can be in-
creased by increasing the surface speed of one roller and
turning movement can ke increased while decreasing the
linear movement by increasing the surfacc speed of the
other rolier.

From the foregoing, it will be evident that by control
of the surface speed of the rollers a large number of
variables become possible, For example, turning move-
ment of the pellets can be increased or decreased without
corresponding increase or decrcase in linear movement.
Dy the same token, the linear movement of the pellets can
be increased or decrcased without corresponding change in
turning movement,

It will be understood that the rollers may be dimen-
sioned to any width desired for surface treatment, de-
pending upon the width of the surface or surfaces to be
treated. 1t will also be understocd that the surfaces of
the rollers may be formed of a good wearing, high fric-
tion material, for more effective engagement with the
pellets dispiaced therebetween, and that the surfaces may
be formed smooth, as shown, or grooved, for channelling
the pellets therebetween more effectively to impart linear
and rotary spinning motion to the pellets processed there-
through, it being understood that the spacing between the
roflers wonld then be calculated from the base of the
aligned prooves in the pair of rollers.

In practice, the pellets 30 are fed in the desired amount
and distributed into the bight between the rollers. The
roller having the greater liuear speed will dominate the
direction of linear movement of the pellets between the
rollers. If both rollers are furning in the same angular
direction, the rate of linear displacement will be a function
of the difference in linear speed, while the amount of
spinning action will correspond to the sum of the linear
speeds. If the rollers are turning in opposite angular
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directions, the lincar speed imparted to the pellets will
be a function of the sums of linear speeds at the surfaces
of the rollers, while the amopunt of spinning action wilk
be proportional to the difference in linear speeds at the
surfaces of the rollers. Thus, the pellets will be thrown
from betwcen the rollers onto the surface of the work
32 aligned with the exit, with a combined linear move-
ment and spinning movement. As in the aforementioned
copending application, polishing material can be supplicd
as a precoat on the surface of the work, or it can ke
applied simuttaneously witl the pellets, or it can be formu-
lated into the pellets to provide the desired polishing
action.

Having described the main concepts and illustrated
the theoretical considerations involved, description will
now be made of a number of modifications with which
the afore-mentioncd theoretical concepts can be practiced.

Instead of making use of a pair of laterally spaced
apart rollers, use can be made of a pair of endless belts
40 and 42 or webs having their adjacent inner runs 44
and 46 laterally spaced by a distance corresponding to the
cross-sectional dimension of the pellets for engaging the
peliets when displaced therebetween. Each belt is oper-
able about a different pair of pulleys, with the belt 40
operable on pulleys 48 and 50 and belt 42 operable on
pulleys 52 and 54, with at least one pulley in each pair

being a driven pulley for imparting linear displacement

of Lhe rcspective belis.  One belt 40 is adapted 1o be dis-
placed at a linear speed differing from the rate of dis-
placement of the other, whereby the desired relationship
of spinning action and Yinear speeds imparted to the pellets
displaced therebetween will correspond in thcory as pre-
viously described with reference to the roller construction.

The described combination which makes use of a pair
of spaced belts offers greater control since the run be-
tween the Dbelts is much greater than that existing between
a pair of cvlindrical rollers, whereby the pellets are en-
gaged between the beits over a greater period of time.
This provides a longer period of driving contact with the
peilets to permit more positive control of acceleration,
spinning action, and direclion of throw. Ags in the roller
comstruction, the belts can be constructed to any desired
width to increass or decrease the capacity or coverage of
the machine, and the belts can be fabricated with or with-
out receiving grooves in the adjacent surfaces, or with or
without surface roughness to influence the fricticnal grip
between the suifaces of the displacement means and the
elements to be displaced therebetween.,

FIGURE 4 illustrates an arrangement which embodies
a combination of the belt construction of FIGURE 3 and
the roller construction of FIGURE 1, including one por-
tion formed of an endless belt 60 operable about rollers
62 arnd 64 and one or more rollers 66 and 68 mounted for
retational movement about a parallel axis with the pe-
riphery in spaced relationship with the surface of the belt
corresponding to the cross-sectional dimension of the
resilient pellets adapled to be displaced therebetween.
As 1a the previously described medification, the rollers
are rolated for displacement of the adjacent peripheral
surface in a direction opposite the line of travel of the
belt, preferably with the belt speed dominating to throw
the pellets in direction of movement of the belt at a
speed corresponding to the difference and with a spinning
action corrzsponding to the sum of the speeds. The modi-
fication illustrated in FIGURE 4 makes use of a pair of
rollers in vertically spaced apart relation, but only one
roller or more than two roliers can be employed.

It will be apparent that any cor all of the rollers repre-
sented by B and D of FIGURE 4 could be a belt or belts
simitar to that represented by E in FIGURE 3 or FIGURE
4 without deviating from the invention. It will also be
apparent that the speeds of these rollers and/or belts can
be chosen to suit the best operating condition without devi-
ating from the invention.

In the arrangement described, all of the rollers or
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pullevs are mounted for rotational movement about paral-
lel axes. The cancepts described can be adapted also for
use with pulieys rolating about different axes, especially
when use is made of the belt arrangement of the type
shown in FIGURE 3. Under such circumstances, the
belts can be skewed around for feeding the pellets in one
direction and cmission of the peliets in another direction.

As illustrated in FIGURE 5, the pulleys 7¢ and 72 at
the inlet end portion are totatable about a horizontal axis
while the pulieys 74 at the exit end portion are rotatable
about a vertical oxis. As a result, the belts 75 and 76
are twisted from a horizontal run at the start to a vertical
run at the end with the adjacent runs of the belts being
parallel and spaced one from the other by an amount
resiliently to grip the peilets therebetween, While in the
itlustrated modification, the pulleys at the entrance end
are at right angles to (he pulleys at the exit cnd, any
desired angular relation or direction of travel can be
achieved to enable feed of the pellets at one end for throw-
ing pellets at the other end in any direction or at any near
or remote station to which the belis can be stretched, pro-
vided that the belts are constructed with variable circum-
ferences along their widths fer equal tension in the proper
skewed position. One run, such for example as the belt
75, is adapted to travel at higher linear speed than the
other traveling in the opposite direction for positive
linear displacements of the pellets uf a rate which is a
function of the difference in lincar speeds and a spinning
action which is 2 function of the sum,

Instead of making use of cylindrical sirfaces or lin- 3

carly traveling belts, the desired relationship between the
surfaces spaced one from the other for relative movement
in the opposite direclions, with spaced relaticnship there-
between for pellet displacement, can be achieved by a

pair of conical surfaces telescoped one within the other. :

One such modification is iflustrated in FIGURE 6, in
which the internal member comprises a cone 88 mounted
for rotational movement about its center in a bearing 82
and in which the external member comprises a shell 84 of
conical shape mounted for rotational movement zbout
the same axis as the internal cone 80 and supported by an
upper bearing member 86. Sufficient clearance exists be-
tween the external surface of the internal cone and the
internal surface of the external cone to accommodate the
pellets 30 therebetween.

In this arrangement, it is possible to locate the apex
88 of the infernal cene within the confines of the external
member to provide a chirte $8 at the tep info which the
pellets may ke fcd for ultimate displaccmient between the
conjcal surfaces. One of the conical sections, preferably
the outer section, can be adapted to turn at a higher linear
speed, preferably in a direction opposite to that of the
other conical member.

In cperation, pellets 39 are fed into the open end 94 of
the assembly for displacement into the area of the oppo-
site rotating conical surfaces. Because of the increasing
diameter of the conical sections, the pellets are gradually
displaced downwaraly toward the base, while the ac-
celeration of the pellets is gradually increasing due to
the increasing linear speeds cccasioned by ihe increasing
cone diameters.

If the base of the inner cone 80 extends to or beyond
the base of the outer ¢onical section, the pallets 39 will be
thrown centrifugally outwardly upon emission from be-
tween the conical sections to engage the work 32 arranged
about the periphery with a linear movement combined
with a high spinning moevement,

While the illustration ¢f FEIGURE 6 shows conical
members, it will be apparent that the shape of these mem-
bers could be meodified without departing from the in-
vention. For example, the concs ecould be paraboloids,
hyperboloids or surfaces of revolution generated by any
convenient curve.

If it is desired directionally to control the pellets threwn

from between the conical sections, a rigid member 92
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having o slight spiral shape can be stationarily positioned
between the conical sections adjacents the outlet portion in
the base to engage the pellets displaced between the coni~
cal members as they approach the outlet end portion.
The plate 92 operates to guide the pcllets to leave the
assentbly at a predeiermined position. Thus, the pellets
are thrown from a conirolled portion of the wheel in a
predetermined direction to engage the work projected into
the path thereof.

It will be apparent from the forcgoing that T have
presented a new and novel concept in polishing surfaces
by cenfrifugal means, wherein a resilient member is
thrown cnto the surface of the work with a positive lincar
movement in combination with a spinning movement more
cftectively to utilize polishing materials in achieving a de-
sited polishing action.

it will be apparent from the foregoing that the concepts
described are capable of adaptation in varicus modifica-
tions and that numerous changes may be made in details
of construction, arrangement and operation, without de-
parting from the spirit of the invention, especiaily as de-
fined in the fellowing claims.

I claim:

1. In the method of polishing surfaces by projecting
particles of resilient material onto said surfaces with
a motion having a lincar component and a rotational com-
ponent comprising feeding the particles between opposed
surfaces nioving in cpposile directions with the one
surfxce moving in the direction of the linear component
having e higher rate of surface speed than the other sur-
face, whercby the particles are thrown from between the
surfaces with a linear speed that is related to the difference
in surface speeds between the surfaces and a rotational
movement which is related to the sum of the speeds of the
surfaces, and positioning the surface to be polished in the
path of the parlicles thrown from belween the surfaces.

2. The method as claimad in claim 1, which ipcludes
the siep of simultanecously making a polishing material
available on the surfaces to be polished during engage-
ment by the resilient particles.

3. The method as claimed in claim 2, in which the
polishing malerial is embodied as a component of the
resilient particles thrown onto the work.

4, A device for pelishing surfaces of work by the projec-
tion of resilient particles onto said surfaces with a mo-
tion having a linear component and a rotational com-
ponent comprising a pair of adjacent surfaces spaced one
from the other by an amount cerresponding to the cross-
scctional dimension of the resifient particles for sinml-
tancous engagement of the particles when displaced there-
Letween, means for feeding said particles into the area
between said adjacent surfaces, and means for displace-
ment of said surfaces in opposite directions with one sur-
face travelling ot a surface speed greater than the other,
whereby the particles displaced therebetween will be
thrown from between said surfaces with a linear compo-
nent in the direction of the surface of higher linear speed
and a velocity related to the difference between the sur-
face speeds and with a rotational componrent which is
related to the sum of the speeds of said surfaces, and
means for positioning the work surface to be polished in
the path of the particles thrown from between said sur-
faces.

5. A device as claimed in claim 4, which includes means
for providing a polishing agent to e surface to be
polished during engagement by the resilient material.

6. A device as cluimed in claim 4, in which said pair
of adjacent surfaces comprise a pair of roliers rotating in
same direction with a spaced relationship between the
rollers corresponding to the cross-sectional dimension of
the pariicles.

7. A device as claimed in claim 6, in which the roilers
are of the same dinmeter but rotated at different speeds,

8. A device ns claimed in claim 6, in which the rollers
are rotated at the same number of revolutions per minuie
but are of different diameters.
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9. A device as claimed in claim 4, in which the surfaces
are rofated at a different number of revolutions per
minute and are of different diameters.

10. A device as claimed in claim 4, in which grooves
are formed in the surfaces of the rollers to extend pe-
ripherally about said rollers.

11. A device as claimed in claim 4, in which said sur-
faces comprise a pair of endless bells having adjacent runs
spaced one from the other by an amount corresponding
to the cross-sectional dimension of the particles.

12. A device as claim in claim 4, in which said surfaces
comprise the combination of an endless belt moving in
one direction and a roller having the adjacent peripheral
portien {urning in the opposite direction with the ad-
jacent surfaces spaced one from the other by an amount
corresponding to the cross-sectional dimension of the
parlicles.

13. A device as claimed ia claim 4, in which the said
surfaces comprise nested inmer and outer surfaces of

revolution mounied for rofational movement about a 2

common axis with the outer surface of the inner section
spaced from the inner surface of the outer scetion by an
amount correspending to the cross-sectional dimension of
the particles.

14. A device as claimed in claim 13, which includes a
spiral shaped guide plate positioned in a space between
the adjacent surfaces of revolution ncar the base portions
of the conical sections to cngage the resilient particles
displaced therebetween for projection from between the
surfaces at a predefermined location.

15. In the method of polishing surfaces by projecting
particles of resilient material onto said surfaces with a
motion having a linear component and a rotational com-
ponent comprising feeding the particles between adjacent
surfaces spaced by an amount corresponding to the di-
mension of the particles with both surfaces moving in a
direction corresponding {0 Lhe linear component but with
one surface moving at a greater surface speed than the
other whereby the particles are thrown from between the

surfaces with a lincar specd greater than the surface 4

speed of the slower surface but less than the sucface speed
of the faster surface znd with a rotationa]l componeni
proportional to the differences in the surface speeds, and
positioning the surface to be polished in the path of the
particles thrown from between the surfaces.

16. The method as claimed in claim 15 which includes
the step of simultaneously making a polishing material
available to the surfaces to be polished during engage-
ment of the surfaces by the resilient particles.

17. A device for polishing surfaces of work by the pro- ¢

jection of resilient particles onto said surfaces in which
the parlicles have a movement cmbodying a linear com-
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ponent and a rotational compenent comprising a pair of
adjacent surfaces spaced one from the other by an amount
corresponding to the cross-sectional dimension of the re-
silient particles for simultaneous engagement of the par-
ticles when displaced therebetween, means for feeding
s2id particles into the area between the adjacent surfaces
and means for displacement of said surfaces in the same
direction with one surface traveling at a surface speed
greater than the otiber whereby the particles displaced
therchetween will be thrown from between said surfaces
with a linear component corresponding to the direction
of movement of said surfaces and a velocity related o
the lincar speed of the slower surface plus about one-half
of the difierences between the speeds of the surfaces and
with a rotational component which is related to the dif-
ferences of the speeds between said surfaces, and means
for positioning the work surface to be polished in the path
of the particles thrown from between said surfaces.

18. A device as claimed in claim 17 which includes
means for providing a polishing agent fo the surface to be
polished during engagement by the resilient material.

19. A device as ¢laimed in claim 17 in which the pair
of adjacent surfaces comprises a pair of rollers rotating
in the opposite directions.

20 A device as claimed in claim 19 in which the roll-
ers are of the some diameter but rotated at different
speeds.

21. A device as claimed in claim 19 in which the rolf-
ers are rotated at the same number of revolutions per
minute but are of different diameters.

22. A device as claimed in ¢laim 17 in which the sur-
faces are rotated at a different number of revolutions per
minute and are of different diameters.

23. A device as claimed in claim 17 in which grooves
are provided in the surfaces of the rollers to exiend pe-
ripherally about said rollers,

24. A device as claimed in claim 17 in which the sur-
faces comprise a pair of endless belis having adjacent
runs spaced one from the other by an amount correspond-
ing to the cross-sectional dimension of the particles.

25. A device as claimed in claim ‘17 in which said sur-
faces comprise the combination of an endiess belt mov-
ing in one direction and a roller having an adjacent pe.
ripheral portion turning in the same direction with the
adjacent surfaces spaced one from the other by an amount
corresponding to the cross-sectional dimension of the
particies.
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