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UNITED STATES PATENT OFFICE 

2,649,667 
ABRADING DEVICE 

Frank Cooke, North Brookfield, Mass., assignor 
to American Optical Company, Southbridge, 
Mass., a voluntary association of Massachusetts 
Application August 25, 1952, Serial No. 306,161. 

(C. 51-209) Claims. 

This invention relates to improvements in 
abrading devices and has particular reference to 
an improved ring-type abrading tool for use in 
generating curved Surfaces on articles Such as 
lens blanks. 
One of the principal objects of this invention 

is to provide an abrading device embodying an 
annular abrading tool adapted to be mounted for 
rotatable engagement With an article such as a 
lens blank to be surfaced and adapted to abrade 
the article along a predetermined path of gen 
eration, Said tool comprising a pair of concentric 
annular abrading members respectively carrying 
abrasive particles thereon of different abrading 
characteristics and disposed one within the other, 
with one of the members being adjustable with 
respect to the other member in a direction longi 
tudinally of the tool, and with the adjoining sides 
of the members being provided throughout With 
interfitting irregularities of a controlled size and 
shape extending alternately across said path of 
generation. 
Another object is to provide an abrading tool 

comprising a pair of concentric annular abrading 
members respectively carrying abrasive particles 
thereon of different abrading characteristics and 
disposed one Within the other, with one of the 
members being adjustable with respect to the 
other member in a direction longitudinally of the 
tool, and with the adjoining sides of the members 
being provided throughout with interfitting scal 
loped shaped Surfaces whereby portions of said 
respective Surfaces Will extend alternately across 
Said path of generation at acute angles with re 
Spect to the tangent of said path of generation 
and thereby greatly improve the texture of the 
resulting abraded Surface, 
Another object is to provide an abrading tool 

Of the above character wherein one of said annu 
lar abrading members will be provided with 
abrasive particles of relatively coarse mesh and 
the Second annular abrading member will be 
provided with abrasive particles of relatively fine 
mesh Whereby the abrading members may be 
used respectively for rough and fine grinding op 
erations and wherein the sizes of the scallops 
and/or the thickness of the fine grinding mem 
ber is increased relative to the size of the scallops 
and/or the thickness of the rough grinding 
member by an amount to substantially balance 
the Wear and durability of said respective mem 
bers. 

Still another object is to provide an abrading 
tool of the above character embodying annular 
abrading members one disposed within the other 
and provided with interfitting portions so ar 
ranged as to provide restricted openings between 
Said annular members at spaced intervals 
throughout the path of generation to permit the 
flow of a lubricant therethrough. 
Other objects and advantages of the invention 
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will become apparent from the following descrip 
tion taken in connection with the accompanying 
dra Wings, in which: 

Fig. 1 is a front elevational view of abrading 
apparatus embodying the present invention; 

Fig. 2 is a side elevational view of the appa 
ratus shown in Fig. 1, part of which is taken in 
Section along line 2-2 of Fig. 1; 

Fig. 3 is an enlarged vertical Sectional view 
taken substantially on line 3-3 of Fig. 2; 

Fig. 4 is a horizontal sectional view substan 
tially online 4-4 of Fig. 3; 

Fig. 5 is a fragmentary front elevational view 
partly in Section illustrating the method of fine 
grinding a convex surface on a lens blank; 

Fig. 6 is a view generally similar to Fig. 5 illus 
trating particularly the method of fine grinding a 
concave surface on a lens blank; 

Fig. 7 is a perspective view of an abrading tool 
of the preferred type; 

Fig. 8 is an enlarged face view of the abrading 
Surface of the tool shown in Fig. 7; 

FigS. 9, 10, and 11 are enlarged face views simi 
lar to Fig. 8 illustrating modifications of the 
abrading tool; 

Fig. 12 is a fragmentary side elevational view 
partly in section of the mechanism for adjusting 
the tool-carrying head; and 

Fig. 13 is a diagrammatic illustration of the 
manner in Which a Scallop approaches an area of 
the article to be abraded. 

Prior to the present invention, it has been the 
usual practice in the Ophthalmic industry to form 
the desired curved surfaces on articles such as 
lens blanks by abrading methods requiring the 
use of at least two Separate machines. One of the 
machines was provided with a rough abrading tool 
and an article such as a lens blank was previously 
Secured to a Suitable holder and then placed in 
this machine and the surface thereof was initially 
abraded to substantially the shape desired. The 
Second machine was provided with a fine abrad 
ing tool. The article being surfaced was trans 
ferred from the first machine to the second ma 
Chine and then abraded to substantially the final 
shape and Surface texture desired by the fine 
abrading tool. Subsequent polishing operations 
provided the exact optical surface desired of 
the article. 

It is apparent that with the foregoing method, 
two Separate abrading machines were necessary 
for performing the individual rough and fine 
grinding Operations, thus requiring considerable 
floor Space, and possibly requiring different opera 
tors, With consequent added operational expense. 
Considerable time was involved in transferring the 
articles from one machine to another with the 
added existent possibility that the articles might 
be chipped or otherwise damaged or broken dur 
ing transfer. In addition to the above undesir 
able features was the fact that resultant surfaces 
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produced on the articles might be inaccurate due 
to human error in making the separate adjust 
ments of the two machines. Also the possibili 
ties for errors were increased due to the fact that 
the articles might be accidentally dislocated With 
respect to the holder when being transferred. 

Therefore, it is one of the prime factors of 
the present invention to provide a single machine 
which will perform both the rough and fine grind 
ing operations successively without necessity of 
transferring the articles between operations, 
which machine requires but one setting and en 
bodies a dual abrading tool which is comprised of 
individual portions for performing the respective 
rough and fine grinding operations as a substan 
tially single continuous operation, thereby re 
sulting in a decrease in the amount of floor space 
and operational expense required and also de 
creasing the possibilities of error. - 

Referring more particularly to the drawings 
wherein like characters of reference designate 
like parts throughout the Several views, appara 
tus embodying the invention comprises a housing 
f5 having a head Spivotally attached thereto 
by a relatively large bearing . A complete de 
Scription of the machine is given in the Specifica 
tion forming a part of United States Patent, No. 
2,286,361 issued on June 16, 1942 to Lloyd W. 
Goddu. For details of the construction and oper 
ation of this raachine Which are not included in 
the following description, reference is made to 
the above-mentioned patent. 
The housing 5 has a work-supporting spindle 

f8 therein (Fig. 2), the spindle 8 being rotatably 
Supported in a sleeve 9 longitudinally movable 
in a bearing 20 carried by a web. 2 internally of 
the housing 5. The spindle is supported adjacent 
its opposed ends by ball bearings 22 and 23 
mounted interinally of shouldered recesses 24 
and 25 in the sleeve 9. The spindle 3 is held : 
against longitudinal movement in the sleeve 9 by 
a plate 26 attached to the upper end of the sleeve 
9. The plate 26 overlies the bearing 22 which, 

in turn, engages an annular shoulder 27 formed 
on the spindle 8. The spindle 8 is provided 
with a reduced end portion 28 fitted within a 
sleeve-like bearing member 29 supported internal 
ly of spaced ball bearings 3 and 3. The end 
portion 28 is keyed to the sleeve-like bearing 29 
So as to rotate as an integral unit and to permit : 
longitudinal movement of Said end portion 23 
internally of the sleeve-like bearing 29. The 
sleeve-like bearing 29 is held in desired relation 
with the ball bearings. 3) and 3 by means of a 
lock nut 32 adjacent the upper end thereof and 
a plate 33 adjacent, the lower end thereof, the 
plate 33 being secured to the end of the bearing 
20 by suitable means such as screws 34. The 
sleeve-like bearing 29 has a drive pulley 35 se 
cured thereto which is connected by a belt 36 and 
similar pulley 3 to a motor 38 Supported inter 
nally of the housing 5. Operation of motor 38 
will, through pulley 37, belt 36, pulley 35 and 
sleeve-like bearing 29, cause rotation of the 
Spindle, 8. 
The upper end of the spindle 8 is provided 

with a threaded portion 39 on which a shield 49 
is mounted. The Spindle, directly above the 
threaded portion 39, is provided with a tapered 
end 4 which is adapted to Support a block adapter 
42 which is retained thereon as by set screw 33 
and which carries thereon a block 44. 
A lens blank 35 or similar article to be abraded 

is secured to the block 43 by pitch 44a or other 
suitable adhesive and is thus adapted to be rotated 
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4. 
with the block 44 and adapter 42 when the spindle 
f8 is rotated. ... ." . . . . . . 

The spindle f8 and consequently the lens blank 
45 are vertically adjustable by means of a rack 
46 which is provided on the sleeve 9. The rack 
46 has a portion extending into an elongated 
groove 47 formed in the bearing 20 and, through 
its engagement with the side walls of the groove 
47, prevents rotation of the sleeve 9. The rack 
is in constant mesh with a pinion 48 located with 
in an enlarged portion 49 of the bearing 20. The 
pinion 48 is carried by a shaft 50 (Figs. 1 and 2) 
which extends through a side wall of the housing 
f5 and which has a hand lever 5 attached to 
its outer end. Manual rotation of the hand lever 
5 will cause rotation of the pinion 68 and will 
consequently cause upward or downward move 
ment of the rack 46, sleeve 9 and spindle E8, and 
thus of the lens blank 45. The upper end of 
the sleeve 9 is provided with a flange 52 which 
is adapted to engage the upper end of the bearing 
20 for limiting the extent of downward movement 
of the sleeve 9. 

The motor 38 is so constructed as to also rotate 
a pulley 53. (Fig. 2). by means of a flexible shaft 
54 connected thereto, the pulley 53 being ro 
tatably secured internally of the upper end of the 
head 6 and being connected with a second 
Spaced similarly mounted pulley 55 by a belt 56. 
The second pulley 55 is thus adapted to rotate 
With pulley 53 and is keyed to a tool-supporting 
Spindle 57 as illustrated at 58 whereby the spin 
dle 57 will also rotate. The spindle 5 g is mount 
ed in ball bearings 59 and 60 which are supported 
in shouldered annular recesses 6 and S2 inter 
nally of a sleeve or quill 63 which is carried with 
in a vertical bore 64 (Fig. 2) formed in a support 
85 provided in the head 6. A collar 68 (Fig. 3) 
is fixed to the Spindle 57 adjacent the ball bear 
ing 69 and thus prevents undesired raising of the 
Spindle 5 in the sleeve 63. A nut 6i is attached 
to one end of the spindle 5 adjacent the pulley 
5 and prevents dislocation of the pulley 55 which, 

in turn, rests against ball bearing 59. The nut 
86 is threaded onto the threaded end 68 of the 
Spindle 5 and thus is adapted to take up any 
looseness or end thrust play in the spindle 57 and 
is adjustable to compensate for wear of a dual 
abrading tool 69 carried by the opposed tapered 
end of the spindle 57. . . . . .- . . . . 

An annular hub is is provided with a tapered 
Opening 2 therein which is adapted to fit upon 
and frictionally bind with the tapered end of 
the Spindle 57. The hub 7 is provided with a 
peripheral flange 73 to which is soldered or other 
Wise Secured an annular abrading member 74 
forming a part of the dual tool. 69. Within the 
flange 73 is positioned a disc-like supporting 
member 5 having a hub: G slidably positioned 
Within an enlarged portion ii of the opening 2. 
in the annular hub 7 ?. A second annular abrad 
ing member 8 is soldered or otherwise attached 
to the disc-like member 73 and closely interfs. 
With the inner surface of the outer abrading men 
ber 74. (Figs. 3, 5, 6 and 7). - . ... -- 
The inner abrading member 78 is adapted to 

move longitudinally of the tool with IeSpect, to 
the outer abrading member 4. A studis is 
threaded into the disc-like member 15, and slid 
ably extends upwardly, into a bore 8G-formed in 
the annular hub (Figs. 3 and 5). A coiled 
Spring 8 is positioned over the studi 9, between a 
head 82. On the end of the studie and a shoulder. 
83 formed by a reduced portion of the borea. the Spring 8 serving to continually urge the disc 
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like member 75 and inner abrading member 8 
upwardly to a position where the abrading Sur 
face of the inner member 75 will be retracted 
with respect to the abrading surface of the Outer 
member 4. 
To locate the inner abrading member in ex 

tended position beyond the plane of the abrading 
surface of the outer member 74, a shaft 84 is ex 
tended longitudinally through the Spindle 5 and 
has its lower end positioned against the hub is 
of the disc-like member 75. The upper end of 
the shaft, 84 is located in a recess 85 provided 
therefor in the inner end of a knob 86 which is 
threadedly inserted in the adjacent portion of the 
housing 87 of the head 6 (Figs. 1, 2 and 8). 
Downward threading of the knob 86 Will cause 
downward movement of the shaft 84 which, in 
turn, will cause the disc-like member 75 and in 
ner abrading member 8 to move downwardly 
against the inherent tension of Spring 8. Upon 
turning the knob 86 in the opposite direction, the 
spring 8 will cause retraction of the inner abrad 
ing member 8 as described and Will also siniaul 
taneously raise the shaft 84. 
The knob 86 is provided thereon. With a cylin 

der 88 having graduations 89 thereon (Fig. 1) 
which are adapted to register with an indicator 
96 secured to the housing 87 whereby the extent 
of movement of the inner abrading member 8 
with respect to outer member 4 is visually in 
dicated. 
In accordance with this invention, the abrad 

ing surfaces of each of the annular abrading 
members 4 and 8 are provided with particles of 
abrading material such as diamonds or other 
suitable material, the inner member 78 preferably 
being of relatively coarse mesh for the rough 
grinding of the lens blank and the oute member 
a prefarably being of relatively fine mesh for 
the fine grinding. 
To position the tool 69 and lens blank 45 in 

abrading relation, the hand lever 5 is manually 
operated to raise the Work-supporting Spindle 8 
and, consequently, the lens blank 45 into posi 
tion against the tool. 69. Means such as a Weight 
9 (Fig. 1) Suspended by a cord 92 which is wound 
on a pulley 93 carried by the shaft 59 is provided 
for continually urging the Spindle 8 and lens 
blank 5 upwardly as the surface of the lens 
blank 45 is being abraded by the tool. 69. How 
ever, in order to limit the extent of the upward 
movement of the Spindle 8 and consequently to 
control the depth of the cut and amount of na 
terial being removed from the Surface of the lens 
blank i5, an elongated threaded stop member 94 
is carried by a support 95 carried by the head 6 
and is adapted to be engaged at one end by the 
flange 52 on the sleeve 9 as the spindle 8 
moves upwardly. Adjustment is accomplished by 
threading the stop member 94 upwardly or down 
Wardly by means of the knob 96 provided there 
for on the opposite end of the member 94. 

In order to provide the desired surface curva 
ture on the lens blank 45, the head 6 is adapted 
to be adjusted about the axis of the bearing and 
locked in adjusted angular position by means of 
a screw device 3 as described in the aforemen 
tioned Goddu patent. The head 6 is thus 
adapted to be tilted to a desired position deter 
rained by a suitable degree scale 98 and vernier 
99 (Fig. i.). 

It is to be understood that the head f6, whe 
pivoting on the bearing , pivots about an effec 
tive center which is preferably located in axial 
alignment With the center of curvature of the 
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abrading surfaces of the abrading members 
6 

4. 
and 8. The center OO is also located on the 
axis of rotation A-A of the lens blank (FigS. 3, 
5 and 6). The pitch diameter of the tool 69 is 
slightly larger than the radius of the lens blank 
45. Thus, with the head 6 tilted as described 
and the tool 69 in engagement with the lens 
blank 45, the motor 38 may be operated to rotate 
both the tool and lens blank and cause the tool 
69 to abrade the surface of the lens blank 45. 
The lens blank 45 will be abraded by the tool 

59 along a predetermined substantially annular 
path or line of generation. This path is indicated 
in Figs. 8, 9, 10, 11 and 13 as line fol, which line 
may be a continuation of any point in the path 
forming a circle having a center 03 on the axis 
Of the tool. 

In accordance with this invention, however, 
the meeting or adjoining sides of the annular 
abrading members 74 and 78 are provided with a 
plurality of closely interfitting irregularities pref 
erably in the form of scallops 74a and 8a re 
spectively (Figs. 7 and 8). The scallops 74a. On 
the outer abrading member 74 extend in Wardly 
to overlie the line of generation of and the 
scallops 78a on the inner abrading member 78 
extend out Wardly to Overlie the line of generation 
0, the recesses between the Scallops. On the re 

Spective members, however, being disposed on the 
same side of the line of generation 0 as the 
major portion of the members. Thus, in face 
elevation the line of juncture between the abrad 
ing members 74 and 78 appears, as shown in FigS. 
8 through 11, as an endless Serpentine line WeaV 
ing continuously alternately back and forth 
across the line of generation 0. 

In Setting up the device for rough grinding of 
the lens blank 45, the inner abrading member 8 
is extended slightly beyond the abrading Surface 
of the outer member 74. The inner member 78 
carries the coarse particles of abrading material 
and is illustrated in Fig. 7 in greatly exaggerated 
extended relation to the Outer fine grinding mem 
ber 4. Thus, with the inner rough grinding 
member 8 extended, this will cause the center 
of curvature of the abrading surface thereof to 
move slightly in a direction toward the lens 
blank 45 to the position indicated by numeral O2 
in Fig. 3. This center O2 will also be displaced 
slightly with respect to the axis line A-A. Such 
displacement of the center 02 of the abrading 
surface of the rough grinding member will, how 
ever, cause no resultant error since after the 
rough grinding operation has been completed, the 
inner member 78 will be retracted and the outer 
fine grinding member 4 will provide the lens 
blank 45 with the exact surface curvature re 
quired. The center of the fixed abrading 
member Will remain on the axis line A-A 
and will still be concentric with the axis about 
which the head 6 is adjusted. This operation 
will compensate for any error introduced by dis 
placement of the center t02 of the inner tool 78. 
One feature of the tool construction. Which is 

especially desirable is the fact that the fine grind 
ing member 74 is mounted on relatively fixed 
supporting means while the rough grinding men 
ber 8 is mounted on the movable parts Which 
would be most likely to become loose or slack. 
However, since the fine grinding member 4 is 
relatively fixed, any error caused by looseness of 
the parts Supporting the inner rough grinding 
member 78 will be compensated for. This, of 
course, would not be true if the rough and fine 
grinding members Were reversed. 
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Another desirable result of providing the com 

posite tool-with-abrading members 4 and 78 con 
structed as described is that all of the abrading 
of the individual inner and outer members will 
be performed along a single path of generation 
without requiring any adjustment other than the 
slight longitudinal adjustment of the rough 
grinding member to extend or retract its abrad 
ing surface as described with respect to the Sur 
face of the fine grinding member. 
An additional and particularly desirable ac 

complishment of an abrading tool constructed 
and arranged in accordance with this invention 
is that the resultant-surfaces formed on the lens 
blanks are of improved texture. This is believed 
to be accomplished by the provision of the Scal 
lops 7 a. and 78a, which are preferably shaped as 
curved segments. It Will be apparent that as the 
tool is rotated, while in engagement with the 
lens blank, the leading-edge of the actual effec 
tive abrading area of each scallop 14a and 78a. 
will approach a particular surface area to be 
abraded at an acute angle to the tangent of the 
line or path of generation at the point at which 
the leading edge of the abrading area crosses the 
line, or path of generation. This is illustrated in 
Fig. 13 wherein the leading edge 24-of-the abrad 
ing portion of a scallop 78a is shown as being at 
an acute angle X to the tangent 25 of the path 
or line of generation 0 at the point at which 
said leading edge 24, of the scallop 78a crosses 
Saidpath or line of generation 0. 
This will cause: a shearing action to take place 

in removing material from the lens blank rather 
than the chiseling action which Would occur if 
the advancing edge of the: cutting area was dis 
posed in a plane normal to the tangent of the 
line of generation. Thus, when the abrading 

- areas of the tool approach the material to be 
removed in the above manner and continue to 
'slither's across the surface, the resultant surface 
:texture is of high quality. 

Although the foregoing description refers par 
sticularly to the formation of a convex surface on 
a lens blank:45, this invention is readily adapted 
to forming concave surfaces. Referring to Fig. 
6, a lens blank if 04 is attached to a concave block 
195 by a layer of pitch foG. The head? 6 is tilted 
about the center 90 in the opposite direction 
which will-angle the tool 69 so;that the abrading 
surface of the fine grinding member 14 at the 
point which is on the axis line A-A about which 
the work rotates, Will be lower than the diametri 

: cally opposed abrading Surface thereof by an 
amount in accordance with the curvature to be 
generated and the angle of tilt of the head as in 
dicated on Scale.98. 
The present invention is adapted to the use of 

tools 69 of various diameters and, therefore, 
means is provided for adjusting the tool-support 
ing device so as to position the center 100 about 
Which the head is tilted on axis line A-A. To 
accomplish this, the top of the housing 5 is pro 
vided with slideways foll on which a table fo8 
carrying the head f6 is adapted to move in a 
horizontal direction (Figs. 2 and 12). The table 
t8 carries on its underside a drive shaft 09 
which is journaled in depending portions 0 of 
the table 08 and is: threaded through an upward 
ly extending portion if f of the housing 5. A 
handcrank - d. 2 is mounted on the outer end-of 
the shaft io9. Thus, manual rotation of the 
*crank f2 will cause rotation of the shaft. 09 and 
will consequently nove the table f O8 and head 6 
along the slideWaysidol. The adjustmentis vis 
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3 
ually indicated by a pointer 3 on the side of the 
table 08 which registers with a scale on the side 
of the housing 5. 

It is known that a fine grinding tool of the 
presently described type will wear somewhat 
faster than a rough grinding tool. Therefore, it 
is SOmetimes advisable to form the tool as shown 
in Fig. 10 wherein the outer fine grinding mem 
ber 4 With Scallops 5 which have a longer 
contact area, along the line of generation 
than the scallops 6 on the inner rough grind 
ing member f. 
Another modification is shown in Fig.11 where 

in the outer fine grinding member 8 is thicker 
than the inner rough grinding member 9 which 
Will also compensate for additional Wear of the 
fine grinding member 8. 
In instances wherein it is desired to Supply an 

oil Or coolant as a lubricant through the abrad 
ing tool, Supply means Such as described in the 
aforeinentioned Goddu patent may be connected 
with a longitudinal bore i9 (Fig. 5) in the tool 
adjusting shaft 84 whereby the lubricant may 
flow downwardly therethrough and through 
bores 20 and 2 in the hub extension 6 into 
the Space 22 between the upper Surface of the 
disc-like member 5 and annular hub . Then 
the lubricant can flow through one or more 
spaces 23 (Fig. 9) formed adjacent the ends of 
the Scallops lid and 28d to the Surfaces of the 
abrading members 4 and 78 and Surface of the 
lens blank 45. 

It is particularly pointed out that a machine 
constructed and arranged according to the fore 
going description will perform both rough and 
fine grinding operations successively in one sub 
Stantially Single continuous operation without 
necessity of moving the articles between the 
rough and fine grinding operations and with only 
One adjustment or setting up operation being re 
quired. 

Froin the foregoing description, it will be ap 
parent that all of the objects and advantages of 
the invention have been accomplished. How 
ever, it Will also be apparent that many changes 
may be made in the arrangement of parts shown 
and described Without departing from the spirit 
of the invention. Therefore, it is to be under 
stood that all matter shown or described should 
be interpreted as illustrative and not in a limit 
ing Sense. 
I claim: 
1. An abrading tool of the character described 

comprising a pair of annular abrading elements 
having different abrading characteristics and 
disposed One Within the other, said abrading ele 
riients being coaxial With one thereof being re 
tractable and extendible with respect to the 
other, and Said abrading elements being provided 
On their adjoining sides with interfitting scallops 
extending alternately across a given path of 
generation whereby said respective elements at 
a given angular position of adjustment of the 
tool are capable of generating curved surfaces of 
Substantially equal radii. 

2. An abrading tool for abrading the surface 
of an article along a predetermined path of gen 
eration comprising a pair of coaxial simultane 
Ously rotatable Supporting members disposed 
telescopically one within the other and each 
having thereon an annular abrading member, 
Said abrading members being disposed in coaxial 
intinate relation one within the other and being 
provided on their adjoining sides with interfitting 
Scallops extending alternately across said path 
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of generation, and means for moving one of said 
Supporting members longitudinally of its axis to 
extend or retract the abrading surface of the an 
nular abrading member thereon axially relative 
to the abrading surface of the other annular 
abrading member whereby said abrading mem 
berS may be Selectively extended into abrading 
position. 

3. An abrading tool for generating a curved 
Surface on an article comprising a pair of coaxial 
Supporting member disposed telescopically one 
Within the other and each having thereon an an 
nular abrading member, said abrading members 
being disposed in intimate relation one within 
the other, Said Supporting members adapted to 
be rotated Simultaneously about their common 
axis to cause said abrading members to indi 
Widually abrade an article when selectively lo 
cated in engagement thereWith, the adjoining 
Sides of Said abrading members being provided 
With interfitting Scallops extending alternately 
acroSS a given path of generation whereby as the 
tool is rotated the abrading portions of the 
Scallops of the selected annular abrading mem 
ber Will abrade the Surface of said article when : 
positioned thereupon. 

4. An abrading tool for generating a curved 
Surface on an article comprising a pair of annu 
lar abrading elements having different abrading 
characteristics and disposed one within the other, : 
Said abrading elements being coaxial and simul 
taneously rotatable With one thereof being re 
tractable and extendible with respect to the 
other, and said abrading elements being provided 
on their adjoining sides with interfitting scallops : 
extending alternately across a given path of gen 
eration whereby said respective elements at a 
given angular position of adjustment of the tool 
are capable of generating curved Surfaces of Sub 
stantially equal radii, Said Scallops being of con 
trolled curved contour shapes whereby as the 
tool is rotated the leading edges of the abrading 
portions of the Scallops will approach the Surface 
area, to be abraded at an acute angle to the tan 
gent of said path of generation at the point at 
which said leading edges cross said path of gen 
eration. 

5. An abrading tool for generating a curved 
surface on an article comprising a pair of coaxial 
supporting members disposed telescopically one 
Within the other and each having thereon an 
annular abrading member, said abrading men 
bers being disposed in intimate relation one With 
in the other, said supporting members adapted to 
be rotated simultaneously about their common 
axis to cause said abrading members to indi 
vidually abrade an article when selectively lo 
cated in engagement therewith, the adjoining 
sides of said abrading members being provided 
with interfitting scallops extending alternately 
across a given path of generation whereby as the 
tool is rotated the abrading portions of the 
scallops of the selected annular abrading men 
ber will abrade the surface of said article when 
positioned thereupon, said Scallops being of Con 
trolled curved contour shapes whereby as the tool 
is rotated the leading edges of the abrading por 
tions of the scallops will approach the Surface 
area to be abraded at an arcuate angle to the 
tangent of said path of generation at the point 
at which said leading edges croSS Said path of 
generation. 

6. An abrading tool for generating a curved 
surface on an article comprising a sleeve having 
a first annular abrading member on One end 
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thereof, a Support within said sleeve having a 
Second annular abrading member thereon dis 
posed in intimate relation. With the inner Side of 
Said first annular abrading member, Said Support 
being coaxial with Said sleeve and adapted to be 
rotated simultaneously therewith about their 
common axis to cause said abrading members 
thereon to abrade an article When in engage 
ment therewith, means for moving Said Support 
longitudinally of Said axis to retract or extend 
the abrading Surface of Said Second annular 
abrading member axially relative to the abrading 
Surface of Said first annular abrading member 
whereby said abrading Surfaces may be selective 
ly extended into abrading position, the adjoining 
Sides of Said abrading members being provided 
with irregular contours in the form of interfitting 
Scallops extending alternately acroSS a given 
path of generation, Said Scallops being of curved 
contour shape whereby as the tool is rotated the 
leading edges of the abrading portions of the 
Scallops Will approach the Surface area, to be 
abraded at an acute angle to the tangent of Said 
path of generation at the point at which said 
leading edges croSS Said path of generation: 

7. In abrading apparatus of the character 
described embodying a base having a Work Sup 
porting device thereon for rotatably Supporting 
an article to be abraded and a tool Supporting 
head for rotatably carrying a tool for abrading 
said article, an abrading tool carried by said 
head comprising a sleeve having a first annular 
abrading member on one end thereof, a Support 
Within Said sleeve having a Second annular abrad 
ing member thereon disposed in intimate relation 
with the inner Side of Said first annular abrading 
member, said Support being coaxial with Said 
sleeve and adapted to be rotated simultaneously 
thereWith about their common axis to cause Said 
abrading members thereon to abrade an article 
when in engagement therewith, means for mov 
ing said Support longitudinally of Said axis to 
retract or extend the abrading Surface of Said 
second annular abrading member axially rela 
tive to the abrading Surface of Said first annular 
abrading member whereby Said abrading Sur 
faces may be selectively extended into abrading 
position, the adjoining sides of Said abrading 
members being provided with irregular contours 
in the form of interfitting Scallops extending all 
ternately across a given line of generation, Said 
scallops being of curved contour shape whereby 
as the tool is rotated the leading edges of the 
abrading portions of the Scallops will approach 
the Surface area, to be abraded at an acute angle 
to the tangent of Said line of generation at the 
point at which Said leading edges cross said line 
of generation. 

FRANK COOKE. 
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