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and this application Jan. 12, 1965, Ser. No. 432,926 

3 Claims. (C. 51-281) 
This application is a divisional application of co-pend 

ing application Serial No. 191,834, filed May 2, 1962, now 
United States Patent No. 3,201,905, issued August 24, 
1965. 
The present invention relates to the art of lapping, 

grinding and/or abrading, and in particular provides a 
method in which a workpiece is moved orbitally over an 
active surface while being maintained in fixed orientation 
with portions thereof being alternately removed from con 
tact with the active surface and returned to contact there 
with. 

In order to obtain flat, smooth surfaces on various 
articles made of metal, such as brass or steel, it is known 
to abrade these articles against a suitable active surface, 
the term abrade here referring generally to and including 
grinding, lapping, polishing, etc. There have heretofore 
been provided various machines and methods for impart 
ing a desired movement between the workpiece and the 
active surface, and exemplary movements utilized in the 
prior art include the rotation of an active surface against 
which the workpiece is held, and the rotation of the 
workpiece on an internal axis thereof, with the active sur 
face either rotating or moving. The methods heretofore 
known, and the machines for practicing these methods, 
have not been able to produce articles of the desired flat 
ness with a suitable high speed of production. Other 
wise stated, where high speed of production was obtain 
able, the workpieces produced were not sufficiently flat, 
and on the other hand, an inordinate amount of time was 
required to produce workpieces which were suitably flat. 
The active surfaces, or tables, so called, known to the 

prior art have drawn upon many materials, including resin 
plastics, thermoplastic resins and rubbery synthetic resins. 
These known substances have failed to provide surfaces 
which were satisfactory in that they wore out too quick 
ly, were to slow, did not give a satisfactorily flat surface 
to the workpiece, or were deficient for a plurality of these 
eaSOS. 
In performing grinding, abrading and polishing opera 

tions, it is conventional to utilize various abrasive grain, 
jewelers' rouge being a typical and well known polishing 
medium. The known mediums have not been satisfactory 
in all cases, sometimes resulting in scratching or galling 
the workpiece. 
An object of the present invention is to provide an 

abrading method which will produce Workpieces of a 
high degree of flatness with relatively great speed. 
Another object of the present invention is the provision 

of an abrading process which is simple and economical 
and which produces high quality workpieces in a short 
period of time. 
Yet another object of the present invention is to pro 

vide a process which utilizes abrading elements, or tables, 
which will enable the production of high quality work 
pieces with great rapidity. 

Other objects and many attendant advantages of the 
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2 
present invention will be readily understood from the fol 
lowing specification and drawings wherein: 

FIGS. 1 to 5 are views illustrating the method in ac 
cordance with the present invention. 

FIG. 6 is an elevational view of the construction shown 
in FIGS. 1 to 5. 

FIG. 7 is a plan view illustrating the method of the in 
vention being performed with a different workpiece. 
FIG. 8 is an elevational view of a machine in accord 

ance with the present invention. 
FIG. 9 is a plan view of the machine of FIG. 8. 
FIG. 10 is a cross-sectional view taken on the line 

10-10 of FIG. 8. 
FIG. 11 is a cross-sectional view taken on the line 
1-1 of FIG. 10. 
FIG. 12 is a cross-sectional view taken on the line 

12-12 of FIG. 9. 
FIG. 13 is a cross-sectional view taken on the line 
3-3 of F.G. 12. 
FIG. 14 is a cross-sectional view similar to FIG. 11, 

showing another embodiment of the driver of the machine 
of the invention. 

FIG. 15 is a view similar to FIG. 14 showing still an 
other embodiment of a driver. 

FIG. 16 is a cross-sectional view of an abrading article 
in accordance with the invention. 

FIG. 17 is a cross-sectional view of another embodi 
ment of an abrading article in accordance with the present 
invention. 

FIG. 18 is a cross-sectional view showing abrasive ap 
plied to an abrading article in accordance with the pres 
ent invention. 

FIG. 19 is a cross-sectional view of another abrading 
article in accordance with the present invention. 

Referring now to the drawings, wherein like or corre 
sponding parts are designated by like or corresponding 
reference numerals throughout the several views, there is 
shown in FIG. 1 an abrading member 20 having an abrad 
ing surface 2i. As may be seen in FIG. 6 the abrading 
member 20 may comprise a backup member 22 having a 
flat sheet 23 thereon, the sheet 23 providing the surface 
2i. The backup member 22 and sheet 23 are of gen 
erally circular configuration, with the sheet 23 preferably 
having a beveled edge as at 24. 

Concentric with the circular backup member 22 is a 
circular hub 26, so that there is thereby obtained an active 
abrading surface 21 which is annular and flat. 
The workpiece is generally circular in plan form, as 

may be seen in FIG. 1, and may be annular as shown. 
To illustrate the invention, an indicating arrow has been 
placed on the workpiece W. Workpiece W has a diameter 
that is slightly greater than the difference between the 
major and minor diameters of the annular surface 21, so 
that workpiece W, when placed in abutting relationship 
with the hub 26, overhangs or extends beyond the edge 
of the abrading member 20. At least one-half of the 
workpiece contacts the surface 21. 

With a suitable force pressing the workpiece W against 
the surface 2, workpiece W is revolved or moved in an 
orbital path about the center or imaginary central axis of 
abrading member 20, this being accomplished by main 
taining the edge of workpiece W against the vertical sur 
face of hub 26. Although the workpiece W is moved 
through an orbital path, as stated, it is not rotated about 
its own rotational axis, but instead is maintained in a sub 
stantially fixed orientation. As may be seen from FIG. 2, 
the workpiece W has moved through substantially 90 in 
a clockwise manner, it being observed from the indicating 
arrow that the orientation of workpiece W has been sub 
stantially maintained. It will also be noted that work 
piece W overhangs or extends beyond the abrading mem 
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ber 20, but that a different portion of workpiece W now 
overhangs or extends beyond the edge or boundary of the 
abrading member 20. This will be seen by noting that in 
the FIG. 1 position, the part of the workpiece W beneath 
the arrow overhangs the abrading member 20, while in 
FIG. 2 that part of workpiece W now rests upon the sur 
face 21, and another part, of crescent shape, overhangs 
the abrading member 20. In FIG. 3, the workpiece W 
has moved through another 90 of its orbit, the arrow 
showing that the orientation has been substantially main 
tained, and still another crescent-shaped portion of work 
piece W overhangs the abrading member 20. 

In FIG. 4, the workpiece W has moved through three 
fourths of one orbital movement, with still another por 
tion of crescent shape overhanging the abrading member 
20. In FIG. 5, the workpiece W is shown to have com 
pleted a single orbital movement, with the original cres 
cent portion thereof which overhung the abrading mem 
ber 20 in FIG. 1 again overhanging the abrading member 
20, but during the course of the movement having been 
in content with the abrading surface 21. 

In FIG. 7 there is shown the abrading member 20' with 
a square workpiece, W, which is caused to move in sub 
stantially the manner described above, but without engag 
ing a central hub and without overhanging the edge of 
workpiece W. The action and results obtained are other 
wise the same as in FIGS. 1-6. 
One machine for performing the method hereinabove 

described is shown in FIGS. 8 to 13, there being shown in 
FIGS. 8 and 9 an abrading machine 30 having a base 31, 
with a motor 32 thereon connected by flexible driver 33 
to a pulley 34. A shaft 35 on which pulley 34 is mounted 
extends into a gear box 36 to drive a gear train to which 
is connected a shaft 37 of a table 38, the gear train turning 
either slowly or intermittently. Table 38 is horizontally 
disposed and has an active abrading surface on the upper 
side thereof. 
A standard 40 rises upwardly from base 3, supporting 

at its upper end a frame 41 and a motor 42, which latter 
has a sprocket 43. The frame 41 has an upper arm 44 and 
a pair of horizontal, spaced jaws 46 and 47. A splined 
spindle 48 passes vertically through the jaws 46 and 47, 
there being a sprocket 49 thereon which is held between 
the jaws 46 and 47. A chain 51 engages the sprockets 43 
and 49 to provide rotation of spindle 48 by motor 42. 

Extending upwardly from jaw 46 is a split cylinder 52, 
and an operating lever 53 is operatively connected with 
the spindle 48 through split cylinder 52, as will be de 
scribed below. The lever 53 is pivoted to the upper part 
of arm 44. 
At its lower end, below a collar 54 on spindle 48 is a 

radially extending foot 55 having a drive member 56 
extending downwardly through it. The drive member 56 
is in engagement with the workpiece W, and passes 
through a ring 57 which is connected with a rod 58 having 
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a pair of universal joints 59 and 61 therein. The distant 
end of rod 58 is supported in a pair of sleeves 62 and 63, 
and uprights 64 and 65 serve to support these sleeves. 

In FIGS. 10 and 11 it may be seen that foot 55 is made 
of two parts 66 and 67 held to the spindle 48 by bolts 68 
and 69. Abolt 71 serves to hold a bushing 72 in position 
between parts 66 and 67, and as will be understood the 
position of the bushing along foot 55 may be varied. In 
FIG. 11, it will be seen that a pin 73 extends from the ring 
57 through drive member 56. 
To permit the insertion and removal of a workpiece W, 

spindle 48 has a reduced upper end 75 with screw threads 
76, as may be seen in FIGS. 12 and 13. A thrust bearing 
77 rests against the shoulder formed by reduced end 75, 
and a collar 78 having a circumferential groove 79 is held 
against the thrust bearing 77 by a nut 81 engaged with the 
threads 76. The lever 53 extends in a ring-like manner 
around the split cylinder 52, and has a pair of inwardly 
extending pins 82 and 83 entering through the longitudinal 
slots in split cylinder 52 and into the groove 79 of collar 
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4. 
78. A spring-loaded latch 84 mounted on lever 5 
engages with a rack 85 on split cylinder 52. 

In operation, the lever 53 is raised, and held in an ele 
vated position by the engagement of latch 84 with rack 85. 
This raises the spindle 48, foot 65 and drive member 56. 
The drive member 56 is positioned radially a suitable dis 
tance from spindle 48 for the particular workpiece W. 
which is to be abraded, lapped, ground, etc. The work 
piece W is then placed on table 38, with a suitable over 
hang as shown in FIGS. 9, 10 and 11. The lever 53 is 
lowered, latch 84 holding it down, so that drive member 
56 presses against workpiece W, as shown. The motor 32 
is energized to drive table 38, as described, and the motor 
42 is energized to rotate spindle 48, foot 55, drive mem 
ber 55 and workpiece W. As workpiece W orbits about 
the axis of spindle 48, it will be maintained in substantially 
the same orientation due to the ring 57, pin 73 and rod 
58. The rod 58 can reciprocate in the sleeves 62 and 63, 
and necessary flexing thereof will be permitted by the 
universal joints 59 and 61. 

In FIG. 14, there is shown another embodiment of the 
driver of the abrading machine in which the spindle 48 has 
secured to it a foot 55 having a bore 90 adjacent its outer 
end. In bore 90 is a flanged bushing 91 which rotatably 
receives a shaft 92 having a collar 93 thereon. Between 
collar 93 and the flange of bushing 91 is a thrust bearing 
94, and a screw 95 acting through a lifting washer 96 
serves to hold shaft 92 in bushing 91. Rod 58 is pivotally 
connected to shaft 92 by a pin 97, and the shaft 92 has a 
reduced threaded end 98 on which is a compression nut 99, 
which may be a wing nut. Slidably received on the end 98 
is a drive member 100 to which is attached a flange 101, 
drive member 100 having a ball 102 fixed in its lower end 
which engages workpiece W. A compression spring 103 
extends between the flange 101 and an abutment plate 104. 
By means of the construction of FIG. 14, the shaft 

92 will be permitted to rotate in the bushing 91, main 
tained in its orientation by rod 58. Spring 103 will act 
against flange 101 and plate 104, to resiliently urge the 
ball 102 of drive member 100 against the workpiece. W, 
the force of the spring being adjustable by manipulation 
of nut 99. Because there is less resistance between shaft 
92 and bushing 91 than between any of the other parts 
of this construction, the orientation of the workpiece W 
relative to shaft. 92 will be maintained. 
The drive member 100 may act against either a work 

piece directly, or against a pressure plate which is in 
contact with the workpiece. 

In FIG. 15, there is illustrated another embodiment 
of the driver, there being shown the shaft 92 with the rod 
58 pinned to it, the lower end of rod 58 being connected 
to a cylinder 106 having a fluid conduit 107 connected 
to it. Conduit 107, which is held to rod 58 by a clip 
108, is preferably an air conduit connected to a source 
of pressure 109 through a pressure regulator 110. A 
piston 111 is contained in cylinder 106, and has a drive 
member 112 secured to it. Piston 111 is held in cylinder 
106 by a cap 113 secured to cylinder 106. The piston 
111 has a suitable amount of axial play or travel in 
cylinder 106, which may be approximately one-half inch. 
Any suitable means may be provided, if necessary, to 
prevent rotation of piston 111 within cylinder 106. 

In operation, the spindle 48 and shaft 92 are lowered 
so that drive member 112 engages the workpiece. W, or 
a suitable pressure plate interposed therebetween, and 
is held in position by latch 84. Then air is admitted 
into cylinder 106 to resiliently urge drive member 112 
against the workpiece W (or a pressure plate). 
The size of the cylinder 106 and the pressure of the 

fluid may be selected to obtain an optimum force through 
drive member 112. Also, piston 111 could take the 
form of a metal diaphragm or a rubber diaphragin which 
may be faced with metal. 

In FIG. 16, there is shown an article 115 for abrading 
or lapping, similar to the table 38, and may be used as 
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the table 38. It comprises a firm back-up member 116 
having a flat surface 117 on which is a layer or sheet 
118 of plastic material of a generally soft pliable nature 
such as polyethylene or vinyl. Sheet 118 is of uniform 
thickness. The edge 119 of plastic sheet 118 is beveled. 
Of course, the back-up member 117 may have a beveled 
edge. A lubricant comprising water and soap or deter 
gent is used. 
The above construction enables the wear of abrading 

to be borne by the plastic sheet 118, and prevents wear 
ing, including uneven wearing, of the back-up member 
116. Typically, the back-up member 116 is a master, 
having a highly accurate flat surface 117, and the plastic 
sheet 118 not only takes the wear, instead of the master, 
but accurately transfers the precision of the master to 
the workpiece. Also, any unevenness present in the 
master may be compensated for by the sheet 118. The 
beveled edge permits the workpiece to cross the edge 
without scratching. 

In FIG. 17, there is shown an article 120 comprising 
the back-up member 116 on which are plural uniform 
soft plastic layers 121 and 122, the bottom layer 121 
being of a slightly smaller diameter to obtain thereby a 
relieved edge for the upper layer 122, which contacts 
the workpiece. 

FIG. 18 discloses an abrading article in accordance 
with the present invention, such as article 115, having a 
fluent abrading material 123 thereon. Material 123 may 
be any of the known grinding, polishing or lapping ma 
terials, but advantageously is a completely dry abradant 
grain. The construction enables the plastic to hold the 
grain, the workpiece sliding over it and being cut or 
reduced by the grain. With the grain embedded in the 
plastic sheet 118, when pressure is applied, the abrasive 
grain is not crushed, resulting in a long preiod of use 
of each application of the abrasive. The abrasive grain 
(or polishing compound), being embedded in the plastic, 
thereby permits the maintenance of a highly accurate 
surface, more accurate than with abrasive cloth or paper. 
Also, it is not subject to the wear experienced with a 
stone or metal lap. 
While the back-up member is shown with a flat sur 

face, for some uses other surfaces may be used. 
In FIG. 19, there is shown an article 125 comprising 

a back-up member 116, a plastic sheet 118, and a flexible 
abradant web 126, which may be either abrasive cloth 
or abrasive paper. This construction, with one or more 
sheets 118, surprisingly gives superior results, possibly 
due to a cushioning action given by the plastic sheet 118. 
There has been provided a superior method of abrad 

ing which permits more rapid and accurate working 
than known methods. One machine suitable for carry 
ing out the method is shown, the machine providing the 
necessary motion and having improved workpiece con 
tacting apparatus. 
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It will be obvious to those skilled in the art that 

various changes may be made without departing from 
the spirit of the invention and therefore the invention 
is not limited to what is shown in the drawings and 
described in the specification but only as indicated in 
the appended claims. 
What is claimed is: 
1. A method of abrading a workpiece on a planar 

active abrading surface, comprising the steps of: 
placing a workpiece to be abraded upon said abrading 

Surface with a surface of said workpiece contacting 
said active abrading surface; 

applying pressure to said workpiece to press said work 
piece surface against said active abrading surface; 

rotating said abrading surface about an imaginary 
central axis; 

revolving said workpiece about said imaginary central 
axis as said abrading surface rotates; and, 

preventing said workpiece from rotating about its own 
axis while it revolves about said imaginary central 
axis, thereby maintaining said workpiece in sub 
stantially fixed orientation even while said work 
pieces surface is being abraded by said active abrad 
ing surface. 

2. A method as defined in claim 1 wherein only a 
portion of said workpiece surface contacts said active 
abrading surface with the remainder of said workpiece 
surface extending beyond the periphery of said active 
abrading surface. 

3. A method as defined in claim 2 wherein said portion 
of said workpiece is always at least one-half of said 
workpiece surface. 
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