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UNITED STATES PATENT of FICE 
2,548,418 

SURFACNG MACHINE 

Daniel P. Bernheim and William A. Gunning, 
Southbridge, Mass., assignors to American Op 
tical Company, Southbridge, Mass., a voluntary 
association of Massachusetts 

Application December 19, 1947, Serial No. 792,668 
(C. 51-55) 17 Claims. 

This invention relates to Surfacing machines 
and has particular reference to an improved 
apparatus for producing lenses and similar arti 
cles having Surfaces of Single or compound 
curvatures and to an improved process for pro 
ducing Said lenses and similar articles. 
One of the principal objects of the invention 

is to provide improved means for Surfacing arti 
cles Such as lenses to various Surface forma 
tions including single and compound curva 
tures, and an improved process of abrading 
Whereby the resultant surfaces will have a rela 
tively Smooth and fine texture. 
Another object is to provide a surfacing ma 

chine of the above character embodying means 
for feeding a cup-type abrading tool transversely 
of an article to be abraded, such as a lens, to 
abrade a Surface on Said article of a single or 
COmpound Curvature, Said Surface curvature or 
Curvatures depending upon the angle at which 
Said abrading tool is disposed relative to the 
article and the radius of curvature about which 
the abrading tool is moved transversely of the 
article. 
Another object of the invention is to provide 

a Surfacing machine of the above character hav 
ing means for controlling the rate of transverse 
movement of the abrading tool relative to the 
article to be abraded whereby the tool will be fed 
transversely of said article at a speed substan- ; 
tially equal to the rate of removal of portions of 
the Surface of said article by the abrading sur 
face of Said too. 
Another object is to provide a surfacing ma-. 

chine of the above character which will gen 
erate Surface shapes of negative forms of vari 
OuS different Single or compound curvatures. 
Another object is to provide a surfacing ma 

chine of the above character with a cup or ring 
type abrading tool so supported that it may be 
disposed at various different angles relative to 
the article to be abraded with substantially no 
change of the positional relation of the tool. With 
respect to the article. 
Another object is to provide a surfacing ma 

chine of the above character having its abrading 
tool and article to be abraded confined within 
a housing, in combination with improved means 
for directing a lubricant to the engaging sur 
faces of said tool and article, with the housing 
confining the lubricant and material removed 
from the article within said housing and pre 
venting said material and lubricant from gain 
ing acceSS to other working parts of the machine. 
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2 
vacuum system to draw the mist formed by 
contact of the lubricant with the engaging Sur 
faces of the tool and article from the housing to 
prevent the mist from gaining acceSS to other 
parts of the machine or to the area outside the 
machine. 
Another object is to provide a floating feed 

arrangement for moving the abrading tool 
transversely of the article to be abraded. 
Another object is to provide a feed arrange 

ment for moving the abrading tool transversely 
of the article to be abraded which embodies 
means for causing the tool to be floatingly moved 
in said transverse direction in combination with 
variable cushioning means acting in opposition 
to said first named means. 
Another object is to provide a feed arrange 

ment for moving the abrading tool transversely 
of the article to be abraded, which feed ar 
rangement embodies a weight Suspended upon 
a cord connected with the tool support for in 
parting said transverse movement, in combina 
tion. With adjustable pneumatic means also Con 
nected with said tool Support in Such a manner 
as to resist the gravital pull of the Weight and 
which also functions as shock absorbing, or 
cushioning means. 
Another object is to provide a machine of the 

above character with means for adjusting the 
abrading tool relative to the article to be abraded 
and the article relative to the tool, with said 
adjustment means embodying an arrangement 
whereby the major adjustments may be quickly 
and easily performed, and more accurate and 
finer adjustmentS may be Subsequently per 
formed. 
A further object is to provide a rotating lap 

together with means for adjusting the lap both 
radially and angularly with respect to a pivot 
post and a diameter running through said pivot 
post respectively. 
A still further object is to provide means for 

Supporting the article which may be adjusted 
radially of the pivot post whereby Said article 
may be brought into contact with the rotating 
lap and the amount of material to be removed 
from Said article may be controlled. 
A still further object is to provide yielding 

means for Swinging Said lap or tool on said pivot 
post and to provide means for controlling the 
rate of Said Swinging movement. 
A further object is to support the tool in op 

erative relation with the Work whereby the tool 
is free to permit manual manipulation in a 

Another object is to provide an improved 55 direction transversely of the work. - 
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Another object is to provide separate work 
Supporting means which may be initially ad 
justed so as to assume an accurate positional 
relation and alignment with the curve generat 
ing mechanism of the tool when Supported in 
operative position relative to said tool. 
Another object is to provide manually operable 

means by which the depth of cut or amount of 
material removed during the transverse move 
ment of the tool relative to the work may be posi 
tively controlled. 
Another object is to provide adjustable means 

for locating the effective abrading position of the 
tool in accurate position with respect to the curve 
generating mechanism of the tool whereby -any 
shift of position due to change in diameter of the 
tool may be compensated for, thereby permitting: 
tools of various different diameters to be used 
and also affording means for obtaining the opti 
mum degree of accuracy of curve generation. 

Still another object is to provide means for the 
preliminary-positioning or gauging of an article 
to be abraded prior to locating said article in . 
abrading position. in the machine, said means 
being adapted to position an article while a pre 
viously positioned article is being abraded. 
Another object is the provision of a surfacing 

machine utilizing a magnetic chuck, for effi 
ciently retaining an article to be abraded while 
the abrading operation is being performed. 

Further objects are to provide in a manner as 
hereinafter set forth a surfacing machine which 
is comparatively simple in its construction, duir 
able, thoroughly efficient in its use, and readily 
set up and adjusted for abrading articles having 
Various Surface characteristics. 
Other objects and advantages of the invention 

will become apparent from the following d2scrip 
tion taken in connection with the accompanying 
drawings, in which: 

Fig. 1 is a perspective view of a surfacing ma 
chine embodying the present invention; 

Fig. 2 is a fragmentary perspective view of the 
movable head illustrating particularly the mech 
anism for imparting a transverse rotating nove 
ment thereof during operation of the machine; 

Fig. 3 is a fragmentary view partly in section 
taken vertically-through the head and associated 
mechanism and including a portion of the na 
chine bed; 

Fig. 4 is a fragmentary, sectional view of the 
feed-control parts within the forward portion of 
the bed; 

Fig. 5 is a fragmentary-sectional view, taken on. 
line 5-5 of Fig. 3 looking in the direction of the 
arroWS; - 

Fig. 6 is a fragmentary sectional view of the 
Spindle. holding. means for the article to be 
abraded; 

Fig. 7 is a fragmentary sectional view taken on 
line 7-7 of Fig. 6; 

Fig. 8 is a fragmentary sectional view of the 
machine base illustrating the operative parts 
therein; 

FigS. 9 and 10 are diagrammatic top plain views 
illustrating positions of an abrading tool, with 
relation to an article being abraded during an 
abrading operation; 

Fig. 11 is a fragmentary sectional view taken 
Online - of Fig. 3; 

Fig. 12 is a perspective view. of the gauge used 
for aligning an abrading tool in the machine; and 

Fig. 13 is a fragmentary side view illustrating 
the tool aligning operation. 

Prior to the present invention it has been the 

20 

25 

30: 

i: () 

5. 5 

O 

65 

4 
usual practice to reduce lens blanks or articles 
of a similar nature to substantially the finished 
thickness desired just prior to performing the 
final polishing or other finishing operations of 
the Surface thereon by hand abrading operations 
or by slow inefficient mechanical methods. Hand 
abrading methods were not only slow but also un 
desirable from a standpoint of cost and Such op 
erations depended greatly upon the accuracy and 
skill of the operator. Prior mechanical abrad 
ing methods, while a considerable improvement 
Over hand methods, have been slow due in great 
part to the time required between abrading oper 
ations to position an article to be abraded and the 
abrading tool with respect to one another where 
by the article Will be abraded to have the surface 
characteristics desired. One method for me 
chanically grinding and polishing the surfaces of 
Optical lenses and like articles employs what is 
known as the lap system. This is in effect a curve 
transference, the lap transferring to the article 
that is being ground, a curvature controgeneric to 
that of the lap. The grinding of these articles by 
laps, particularly the rough grinding before the 
Smoothing and polishing operations take place, 
is slow due to the fact of the restricted number 
of articles in Some instances that can be worked 
On at one time by a single lap. This lap system 
also requires", an exceedingly large number of 
tools, it being necessary in fact to provide a 
Separate tool to each curvature which is to be: 
placed on the article thus requiring a very large 
investment in tools for the manufacture of ar 
ticles Such as optical lenses. 

Prior mechanical methods employing the gen, 
erative System, that is, the system whereby the 
curve that is formed on the article to be abraded 
is not transferred as by a lap but is generated as: 
the grinding proceeds, also have sometimes proved 
to be inefficient because of the somewhat com 
plicated nature of the devices used to adjust 
ably position an article in abrading position in 
an abrading machine and to adjust the abrading: 
tool for proper engagement with the article to be 

5 abraded So... that Said article will after abrading 
have the desired Surface characteristics. 
The present invention eliminates the above un 

desirable features through the provision of a 
Single cup-type abrading tool and associated 
mechanism, whereby surfaces of single or com 
pound curvatures may be quickly and easily gen 
erated by Said tool by improved mechanical 
means, and the process may be speeded by the 
provision of means for gauging an article. to be 
abraded while a similar previously gauged article. 
is in the process of being abraded, together with 
simple and efficient adjusting means forming a 
part of the machine whereby the article and the 
abrading tool may be mechanically positioned 
With relation to one another without depending 
upon the skill and accuracy of the operator. With 
the present invention a single tool is employed to 
generate a Wide range of curvatures and the ar'- 
ticle to be abraded may be quickly, easily and ac 
Curately positioned in proper abrading relation 
With the tool. 

Referring more particularly to the drawings 
wherein like characters of reference designate like 
parts throughout the several views the invention 

70 

75 

comprises a machine for generating or surfacing 
articles with minus curvatures and comprises: a 
hollow machine base 5 supporting a bed 6 pro 
vided on its upper surface with spaced tracks or 
guideways 7 on which is slidably located thema 
chine head mechanism 8, the head mechanism 8 
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being provided with a supporting plate 9 having 
spaced tracks 20 on its under side adapted to in 
terfit With the tracks 7, the engaging Surfaces 
of the tracks 7 and 20 being machined so that the 
head 8 may be moved on the tracks T with ease 
and accuracy. The means for slidably moving 
the head on the tracks 7 includes a manually 
operable handle member 2f rotatably mounted by 
its shaft 22 in a bracket 23 (Fig. 3) formed on the 
inside of the end Wall of the bed 6, the shaft 22 
carrying a gear wheel 24 adapted to mesh with 
the gear wheel 25 positioned on the end of a trans 
versely disposed threaded shaft 26. A gear box 
27 is suitably positioned on the end of the bed 
6 to cover the gear wheels 24 and 25. The 

threaded shaft 26 has a bearing in the bracket 23 
near the end carrying the gear 25 and is adapted 
to threadably engage a protruding portion 28 of 
a tubular depending member 29 formed integral 
With the under side of the Supporting plate mem 
ber 9 (Fig. 5). Thus by manual rotation of the 
handle 2f the entire head mechanism 8 can be 
moved longitudinally of the bed 6 on the tracks 
f. A Scale 30 graduated in millimeters is fixedly 
secured to the edge of the front track T on the 
bed 6 and has its reading edge aligned with an 
index mark on the reading edge of a scale 3 grad 
uated in diopters which scale in turn has its read 
ing edge aligned with an index mark on the milli 
meter Scale, the dioptic scale being secured to the 
Outer edge of the forward track 20 on the Sup 
porting plate 9. By this means the extent of 
the sliding movement of the head mechanism i8 
on the bed 6 may be determined. 
The entire head mechanism with the exception 

of the plate 9 may be rotated about a given axis 
on a pivot post 32 which has its upper end posi 
tioned in a vertical opening in the base plate 33 
and held from rotation therein by a key member 
34. The post 32 is headed at its upper end and has 
mounted thereover in its lower regions the inner 
race 35 of a roller bearing unit 36, the post 32 
being rotatable within a vertical opening 38 in the 
tubular depending member 29 formed on the 
supporting plate 9. The roller bearing unit 35 
has its outer race 37 located on the inner wall 
of an enlarged opening 39 in the tubular member 
29 and concentric with the opening 38, and there 
by provides means whereby the base plate 33 and 
the head mechanism mounted thereon may more 
easily and unrestrainedly rotate. A washer-like 
retaining member 4 is secured by means Such as 
screws 4 over the end of the depending member 
29 and with the head of the post 32 serves to pre 
vent vertical displacement of the post. 
The base plate 33 is formed with downwardly 

extending spaced inner and outer flanges 42 and 
43 respectively, the inner flanges 42 being adapt 
ed to engage the inner race 44 of a roller bearing 
unit 45, the Outer race 46 of the bearing unit 45 
being adapted to Snugly reside Within an up 
Wardly extending flange 4 formed on the Sup 
porting plate 9. This roller bearing unit 45 
serves to minimize friction between the base plate 
33 and Supporting plate 9 when the base plate 
33 is rotated. 
The base plate 33 and parts of the head mech 

anism 8 mounted thereon may be rotated in one 
direction by means of the gravital pull of a 
weight 48 (Fig. 8) carried by a cord 49, the 
weight 48 being disposed within the machine base 
5 and adapted to slidably engage an inclined 
motion reducing plate member 50, the plate 
member 5) being secured at its upper and lower 
ends to portions of the base 5. The cord 49 is 
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connected at one end to the weight 48 and ex 
tends upwardly through an opening 5 in the 
top of the base 5, and passes over a pulley 52 
rotatably mounted by stud 53 on a bracket 54 
depending from an overlapping housing member 
54a fixedly located on the bed 6. The cord 49 
is adapted to reside within a circumferential 
groove provided in the outer surface of flange 43 
of the base plate 33 and has its other end fixedly 
Secured by Suitable means to the base plate 33. 
Thus the cord 49 will respond to the gravital 
pull of the weight 48 and the head mechanism 
8 is free to Swing about the center of the pivot 

post 32. A suitably disposed handle member 55 
may be used to manually return the head mech 
anism to such a position that upon release of the 
handle 55 the weight 48 will cause the head 
mechanism to again be rotated. This handle 
also affords means whereby the head may be 
manually Swung on the pivot post with the 
pulley Suspension of the Weight permitting free 
manual manipulation. This permits the tool to 
be manually fed transversely of the work. 
The gravital pull of the weight 48 is resisted 

by means of a suitable motion dampening device 
Such as the dashpot 56. This dashpot 56 is of a 
conventional design employing a piston adapted 
to oscillate within a fluid filled chamber, the os 
Cillating thereof being controlled by Suitable 
means such as the valve control 57, the plunger 
rod 58 of the dashpot device 56 having its outer 
end connected to a toothed rack 59, the rack 59 
being adapted to mesh with a gear 60 suitably 
secured as by pin 6 to the lower end of the pivot 
post 32. A ring member 62 is adjustably secured 
by studs 63 to the Outer Surface of the lower end 
of the depending member 29 formed on support 
ing plate 9 and serves to carry a downwardly 
extending roller carrying stud 64, the stud 64 be 
ing Secured to the ring member 62 by means Such 
as pin 65 and having mounted thereover a roller 
6S, the roller 66 being adapted to engage the 
rear surface of the rack 59 to maintain the rack 
in mesh engagement with the gear 69. By 
proper adjustment of the valve control 57 the 
resistance of the dashpot device 56 may be regu 
lated and the rate of Swing of the base plate 33 
and the entire assembly mounted thereon may 
be yieldably controlled. This provides a motion 
dampening arrangement which not only func 
tions in opposition to the gravital pull of the 
weight 48 but also acts as a shock absorbing 
means. It is to be understod that the controlling 
of the rate of Swing of the base plate 33 can be 
controlled by the dashpot device 56 to retard the 
rate of SWing from a fast Swing caused by the 
Weight 48 being unrestrainedly permitted to 
cause rotation of the base plate 33 to a rate of 
SWing SO Small that the eye cannot observe the 
rotation of the base plate. It is also to be under 
stood that the dashpot 56 is rigidly mounted in 
a bracket 6: Secured to the under Surface of the 
Supporting plate 9 by bolts 68 and thus is adapt 
ed to move with the plate 9 longitudinally of the 
bed 6. The bed 6 has an opening 69 in its end 
Wall through which the dashpot 56 may pass, as 
shown in Fig. 4, and a cover 70 is hinged as by 
the hinge pin i? to the bed 6 to conceal and pro 
tect the device. 
The base plate 33 may be prevented from ro 

tating by means of a friction lock 2 comprising 
a cam member 73 (Fig.2) rotatably mounted by 
means of stud 74 on the supporting plate 9 ad 
jacent the base plate 33 and adapted to be man 
ually rotated by a handle T5 attached thereto to 
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frictionally engage the outer surface of the base 
plate 33 to render it immobile; 
The head mechanism mounted on the base 

plate 33 may be moved longitudinally with re 
Spect to the plate 33 by means of an operating 
Shaft 76 which is adapted to extend through an 
opening in one end of a hollow table formed in 
tegral. With the upper surface of the base plate 
33. The shaft 76 is provided with a threaded 
portion 78, which is adapted to be entirely posi 
tioned within the table 7 and an end portion 
9 of Smaller diameter than the threaded por 

tion. 8, the Shaft being rotatably mounted in a 
bushing 80 located in the opening in the end of 
the table , the rotation thereof being manually 
Controlled by a handle 8. The bushing 80 is 
formed with a flanged portion 82 adapted to en 
gage the inner surface of the end Wall of the 
table - 77 and a stop plate 83 is secured to the 
shaft portion i9 by a pin 84, the flange 82 and 
stop plate 83, cooperating to prevent longitudinal 
displacement of the shaft S. 
The head mechanism mounted on the table 

includes a slidable base member 35 having 
tracks 86 formed longitudinally on its lower Sur 
face, the tracks 86 being adapted to slidingly en 
gage tracks 8- formed on the upper surface of 
the table . An operating member 83 is se 
cured to the under side of the base member 85, 
being provided with an upwardly projecting por 
tion 89 which is positioned within a vertical 
Opening in the base member 35 and held innov 
ably in place by a retaining plate 3 and screw 
9. The inember 88 has a longitudinally 
threaded opening for reception of the threaded 
portion 78 of the operating shaft S. Thus, by 
operation of handle 8f rotation of shaft G will 
cause the base member 85 and the parts of the 
head mechanism mounted thereon to slide ion 
gitudinally of the table on the tracks 86 and 
8, the engaging Surfaces of the tracks 86 and 8: 
being. machined similar to tracks f and 2 to 
provide ease and accuracy of movement of the 
Sliding member. A diopter scale 92 is secured 
to the edge of the forward track 86 and a milli 
meter Scale 93 is Secured to the edge of the table 

and are adapted to be read similar to the 
Scales 3 and 3. The scales 92 and 33 are simi 
lar to the scales 3 and 30 respectively except 
that the scales. 92, and 93 are graduated reversely 
to the gladuations on Scales 3 and 3). 
A quadrant-shaped plate 98 is novably 

mounted on the upper surface of the base inein 
ber 85, and is adapted to pivot about an axis 
formed by a pivot stud $5. 
inserted in a vertical opening in the quadrant 
shaped plate 96, the opening in plate 53 having 
an enlarged lower portion for reception of a 
lock nut 96, the lock nut 95 being threadedly 
mounted over the end of the pivot stud 95 and 
having bifurcated portions 9 securedly con 
nected by screw 98 in such a manner that when 
screw 98 is tightened the bifurcated portions Si 
will tend to abut and thus will lock the lock nut 
96 on the end of stud 95. The quadrant-shaped 
plate 94 is provided near one end with a vertical 
opening in which is located a bushing 99, the 
pivot stud 95 being disposed within the bushing 
99. A vertical opening is provided in the pivot 
stud 95 for insertion of an alignment inenber aS 
will be hereinafter described, the alignment 
member to be used in setting up the machine. 
Since, it is important that the opening 9 as 
well as the stud 95 should be protected from pos 
sible damage a cap member of is threadedly in 

The pivot stud S5 is 
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base member 85. 

8 
Serted in an enlarged upper portion of the ver 
tical opening in the quadraint-shaped plate 94. 
The upper surface of the base member 85 has 

an arcuate machined surface portion 2. corre 
Sponding to a similar adjacent surfaceportion 93. 
formed on the under side of the quadrant-shaped 
plate 943. This provides constantly accurate posi 
tioning of the plate 94 on the base member 85, 
the base member 85 also being provided with a: 
graduated Scale 4 so that the amount of rotary. 
movement of the quadrant-shaped plate-94 with 
respect to the base member 85 may be indicated. 
The base member 85 has a fianged portion.05. 

formed on its outer end and the plate 94. is pro 
vided with a pair of spaced bifurcations 06 
(Figs, 3 and 11). A movable block f) is posir 
tioned between the bifurcations, 5 and is 
adapted to reside on the upper surface of the 

A cover plate 68 covers: the 
upper surface of the bifurcations. S. and block. 

and a clip 99 is adapted to reside against 
the under surface of the flanged portion 95 of 
base member 35. A claimp is provided with a 
vertical shaft adapted to extend downwardly 
through concentric openings in the cover plate 
48, block ' and fanged portion 3, and is 
threadediy inserted in the clip. 39. The shaft 
: is provided with a peripheral fiange 42 and 
a handle 3 whereby upon manual-manipulation 
of the handle 3 the shaft. . . can be made to. 
turn to tighten the clip. 9, against the under 
surface of the flanged portion 5 of the base. 
member 85, and the flange 2, cover plate. 08. 
and block will also be forced downwardly. 
against the upper surface of the flanged portion 
f 35. To perform a major change in adjustment 
with respect to the relationship of the quadrant 
shaped plate 94 to the base nember 35, the claimp. 
A is operated to release the pressure upon the 
block let and clip 39, permitting the plate 94. 
to be manually swung about the pivot stud 95 to 
a position approximate the final adjustment de 
sired as indicated by the scale (34. The clamp. 

may then be again manipulated to lock the 
block immovable against the upper surface 
of the base inenber 85. 
To obtain the finer, adjustment there is pro 

vided an operating shaft 4 horizontaily dis 
posed and adapted to extend through both bifur 
cations 8 of the quadrant-shaped plate 94, the 
shaft being maintained in position by retaining 
washers f 5 secured to the shaft 4 adjacent 
the outer surfaces of the bifurcations S as by 
pins if 6. A worn gear i is fixedly located on 
the shaft 4 between the bifurcations (6 and 
is adapted to mesh with threads formed on the 
outer surface of the block 07, and a knurled 
knob i. 8 is located on the end of the shaft A for 
manual operation of the device. Thus, since the 
block C is immovably positioned on the base 
member 85, when the knob if 8 is turned to rotate. 
the worm gear if the action of the gear. T 
against the block 6 will cause the bifurcations 

S. and consequently the quadrant-shaped plate 
94 as well as the portions of the head mechanism 
mounted thereon to move slightly about the axis 
formed by the pivot stud 95, thereby providing 
the final adjustinent of the position of the quad 
rant-sihaped plate 94 with i'espect to the base 
member 85. 
The upper surface of the quadrant-shaped 

plate 94 carries an integral horizontal set of 
tracks or guideways 9 which are adapted to 
slidably support engaging tracks 28 formed on 
the under side of a motor support 2 . A rotat 
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able shaft 22 is adapted to threadedly engage a 
depending portion 23 on the front of the motor 
support 21, the shaft extending between the 
tracks 9 and carrying on its forward end a 
knurled operating knob 24 and having its rear 
end rotatably disposed in an upwardly extending 
portion f 25 of the plate 94. Thus, by rotation of 
the knob 24 and shaft. 22 the motor support 
2 can be made to slide on tracks 9 in a ran 
ner similar to the movement of the supporting 
plate 9 on the bed tracks T. The amount of the 
movement of the motor support 2i on tracks 9 
is indicated by adjoining scales 26 and 2 lo 
cated on the outer surface of one of the tracks 
20 and adjacent surface of the plate 94 respec 

tively. 
The motor support 2 is formed with a hol 

low portion 28 in which is adapted to project 
a downward extension 29 formed integral with 
the under side of a motor base 30. The motor 
base 30 is provided with a longitudinal machined 
portion 3 which is adapted to slidably reside 
in a groove machined in the upper Surface of the 
motor support 12. An adjusting screw 32 is 
rotatably mounted through a portion of the motor 
support 2 and has a portion thereof threaded 
into an opening in the extension 29, the Screw 
32 having a slotted head at its outer end and 
being provided adjacent the inner Surface of the 
wall of the support 2 with a retaining Washer 
33 connected thereto by a pin 34 to prevent 

lateral displacement thereof. Thus, by rotation 
of the screw 32 by a screw-driver or similar 
means the motor base 3 and mechanism 
mounted thereon can be made to slide in the 
groove in the motor support 2. Threaded bores 
are provided in the motor support 2 for 
reception of locking bolts 35, the bolts 35 being 
adapted to extend downwardly through slotted 
openings 36 in the motor base f30 and into the 
bores so that when the motor base 30 has been 
positioned as desired by the adjusting Screw 32 
the bolts 35 may be tightened to maintain the 
base 30 in its set position on the support 2. 

Fixedly located on the motor base 30 is a motor 
37 which is suitably connected to a Source of 
current (not shown) and controlled by a Switch 
device 38 disposed on the machine housing in 
any suitable location easily accessible to the 
machine operator such as shown in Fig. 1. The 
motor 37 drives a shaft. 39 to which a cupped or 
ring-type abrading tool 40 is secured. The tool 
f40 is preferably of a diamond impregnated or 
charged type and has its abrading portion 4 
formed with a curved cross-sectional shape. 
The housing 54a, on the bed 6 has fixedly 

secured thereto by bolts 42 a head 43 which is 
adapted to carry the Work to be abraded. The 
head 43 is provided with a pair of Spaced up 
Wardly extending supporting arms 44 between 
which is carried a chuck 145, the chuck 45 being 
of any suitable conventional type but preferably 
of a magnetic type. The chuck 45 has support 
ing members 47 secured to each side thereof 
by bolts 46, the members 47 being provided with 
flanges 48, the flanges 48 being adapted to 
extend over the top surfaces of the arms 83 and 
to be secured thereto by means of bolts 49. To 
assist in supporting the chuck 45 a Supporting 
plate 50 is provided between the lower surface 
of the chuck 45 and the top of the head 43, the 
plate 50 being secured to the head 43 by bolts 
i5. The chuck 45 has formed in the top sur 
face thereof a longitudinal V-groove 52 having 
its opposed surfaces precision machined so that 
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10 
a work-carrying spindle 53 when disposed in 
the groove will extend in a true horizontal direc 
tion and when removed from the groove the same 
Spindle, or another similar spindle, may be re 
placed in the groove without requiring any re 
aligning operations to locate the spindle in its 
Original position. The chuck 45 illustrated in 
the drawings is of the permanent magnetic type 
and is provided with an operating lever 54 so 
that when the lever 54 is turned to the “on” 
position the magnetic field of the chuck will 
attract the Spindle 53 in such a manner that the 
Spindle will be fixedly retained in the V-groove 
52 until such a time as the lever 54 is turned 

to the “off’ position to change the field of the 
Chuck 45 and thereby permitting the spindle to 
be removed. A suitable cover plate 55 may be 
Secured as by screws 56 over the ends of the 
chuck 45 and Supporting plate 50 for appear 
ance. 
An adjustment device i57 (Fig. 6) similar to a 

micrometer is located in the upper end of a 
bracket 58 secured to the edge of the head 43 
adjacent the chuck 45 by bolts 59. The bracket 
A38 is provided with an enlarged supporting por 
tion 60 having a horizontal bore in which is ad 
justably located a bushing 6, the bushing being 
threaded on its internal surface and adapted to 
receive the threaded portion 62 of an operating 
member 63. The bushing is held in adjusted 
position by a set screw 6 a. and provides adjust 
ment to compensate for wear and to enable a 
Zero Setting to be made. The Outer end of the 
operating member 63 is of Smaller diameter than 
the threaded portion 62 and has a knurled oper 
atting knob 64 secured thereto by a pin 65, the 
knob being spaced from the end of the bracket 
f58 and bushing 6 and having a peripheral 
flange portion 66 adapted to extened over the 
end of the Supporting portion 60 of the bracket 
58, the flange portion 66 having micrometer 
markings 67 therearound (Fig. 1) cooperating 
with markings 68 on the supporting portion 60. 
The other end of the operating member 63 is 
also of Smaller diameter than the threaded por 
tion f62 and carries in its extreme end a hardened 
contact member 69, the member 69 being im 
movably positioned in the end of the member 63 
(Fig. 6). 
A jig 88 is used in setting up the work holding 

device, the jig being disposed in some easily ac 
cessible location such as by attaching it to the 
front of the machine bed 6 as shown in Fig. 1. 
The jig 88 is shaped to support the spindle 53 
and includes. Spaced supporting arms 89 having 
V-grooves therein and an upwardly extending 
arm 90 at one end thereof, with a corresponding 
arm 9 at its opposite end. The arm 9 carries 
an adjustable pin member 92 which is threaded 
ly connected to the upright arm 9 and is 
adapted to be locked in adjusted position by a 
set Screw 92d. This pin member is engaged by 
the article to be abraded such as the lens blank 
i83, and the adjustment thereof is to enable a 
standard gauge length to be set up and to pro 
vide means to compensate for wear of the parts. 
The spindle 53 is comprised of a tubular body 

f70 having a plug ill fixedly secured in the for 
Ward end thereof by means such as pin T2 
(Fig. 6). The plug T is formed with a tapered 
shank portion f73 and has a threaded portion 74 
about midway thereof and adjacent the end of 
the body T0, the threaded portion carrying a 
knurled nut T5. A bushing 76 is provided in 
the end of the body 70, being held therein by a 
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Screw 77, and serves to slidably support a 
plunger rod 8 adjacent one end thereof, the 
rod 3 being slidably disposed near its other end 
in a second bushing 79. The inner end of the 
rod 8 carries a washer-like piston 8) which 
is adapted to be engaged by one end of a coil 
Spring 81 which is inserted in the tubular body 

G between the piston 80 and the plug i. 
An article Such as a lens blank 83 which is to 

be abraded is adhesively secured to a block 84 
by means of a layer of pitch or other suitable ad 
hesive 85 (Figs. 9 and 10). The block 84 is 
Secured to an adapted 86 as by adjusting screws 
8, the adapter 8S being provided with a rear 
Wardly extending portion which is adapted to be 
fitted Snugly over the tapered shank portion 73 
of the plug in the spindle 53. The knurled 
nut 5 on the threaded portion 4 of plug IT 
is for the purpose of easily removing an adapter 
85 from the tapered shank portion f73. 
When the Spindle is properly seated in the 

V-grooves of the jig 88 it is to be understood 
that the distance between the end of the contact 
member 69, when the micrometer adjusting de 
vice 5T is set at Zero, and the abrading surface 
of the tool is known. Therefore, by adjusting the 
adjustable pin member 92 the distance between 
the pin member 92 and the jig arm 90 can be 
made to exactly correspond to the distance be 
tween the contact member 69 and the abrading 
Surface of the tool. After locking the pin mem 
ber 92 by set screw 92.a. the spindle 53 carry 
ing the lens blank 83 is located in the V-grooves 
of the jig 88 with the surface to be abraded of 
the blank 83 in abutment with the end of the 
adjusting pin member 92. With the spindle in 
this position the Spring 8 f will tend to force the 
piston 80 and plunger rod 78 outwardly of the 
body 70 in a direction toward the jig arm 90 
and into abutment therewith. A set screw 82 
inserted through the body 70 and bushing f 19 
may then be manually turned by its upper portion 
into engagement with the plunger rod 78 to re 
tain the rod in its set position. 

In positioning an article to be abraded such 
as the lens blank 83 in abrading position in the 
machine, the blank is attached as described to 
the Spindle and the Spindle gauged in the jig 
88. The properly gauged spindle with the lens 
blank 83 attached is then inserted in the 
V-grooves 52 of the demagnetized chuck 45 
With the end of the plunger rod T8 in abutment 
against the end of the friction pin 69 of the 
micrometer adjusting device 5 which device 
has been previously set at zero on the markings 
67 and 68. With the spindle in this position 
the operating lever 54 can be turned to the “on' 
position causing the chuck to attract the spindle 
thereto with sufficient force to prevent the spindle 
from becoming displaced during an abrading 
operation. By this means the lens blank will be 
properly and accurately Supported during the 
abrading thereof. It Will also be understood that 
since the combined Spindle and lens blank unit 
has been previously gauged in the jig 88 to 
compensate for the thickness of the lens blank to 
be abraded, the lens blank when properly seated 
in the V-groove of the chuck 45, and with the 
micrometric device set at Zero, will be in align 
ment with the arc described about the pivot post 
32. It is also to be understood, however, that the 
micrometer adjusting device Will be able to cause 
the spindle to Slide longitudinally within the 
V-groove 52 when the knob 64 is manually 
turned. The inward movement of the operating 
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member 63 upon turning of the knob i. 64 will, 
through the plunger rod 78, cause the entire 
Spindle unit including the lens blank to be moved 
in the chuck and toward the abrading tool an 
amount as indicated by the Scaie markings 67 
and 63, and controls the amount of material to 
be removed by the abrading tool during the 
abrading operation. By first having knowledge 
of the initial thickness of the blank, this adjust 
ment enables the final thickness of the blank to 
be controlled. 
In Setting up and operating a surfacing ma 

Chine of the preferred type, a tool 4 of the de 
Sired Size is first attached to the rotor drive shaft 
39 by means of a threaded bolt 93 and Washer 
194 (Fig. 2) and the tool is then aligned with re 
Spect to the axis of the pivot stud 95. This is 
done by removing the cap member 9 from its 
position covering the pivot stud 95 and inserting 
the gauge f35 illustrated in Fig. 12. The gauge 
95 is formed with a disc-shaped body portion 
296 having pin members depending therefrom, a 
main pin member 97 being centrally disposed 
With respect to the undersurface of the body por 
tion 95 and being of such size and shape as to 
reside Snugly within the vertical opening 00 in 
the pivot stud 95. One or more supplementary 
aligning pins 98 also depending from the under 
side of the body portion 95 are adapted to be 

(not 
shown) in the pivot stud 95 to position the gauge 
in Such a manner that an upright (99 supported 
upon the upper surface of the body portion 96 
Will be engaged by the abrading portion of the 

is tool ifie, as shown in dotted outline in Fig. 3, 
By turning the adjusting screw 32, the motor 
3 and tool i48 may be moved longitudinally 

until the tool is in desired contact with the gauge 
upright f 99. 
The Same gauge 95 may be used to align the 

tool f40 horizontally by inserting the gauge at 
an angle ninety degrees from the position shown 
in Fig. 3, positioning the gauge in such a manner 
that the center of the cutting portion of the 
tool may be aligned with the edge of the upright 
AS9, as shown in Fig. 13. To horizontally align 
the tool with the edge of the upright 99, the 
shaft 22 may be rotated to cause the motor 
Support 2 to slide horizontally on the quad 
rant-shaped plate 94. - 

It is to be understood that the center 200 of 
the curved face of the tool 40 should be ad 
justed So as to be coaxial with the axis of the 
pivot Stud 95 (Figs. 9 and 10). The longitudi 
inal adjustment therefor provides means for con 
pensating for Wear of the Surface of the cutting 
edge of the tool and this feature should be 
checked periodically so that as the cutting edge 
of the tool 40 is worn down this wearing action 
may be compensated for so that articles such as 
optical lenses will be surfaced accurately. After 
aligning the tool the gauge 95 may be removed 
and the cap member of replaced. 
The abrading tool i? 40 may be then adjusted 

to the desired distance from the axis of the pivot 
post 32 to control the arc of the curve to be gen 
erated in the horizontal meridian of the article 
to be surfaced. This is accomplished by first 
operating the handle 2 to cause the supporting 
plate 9 to be slidably moved on the bed 6 to 
an extent as indicated by the scales 38 and 3. 
For example, if a six diopter curve is to be gen 
erated on the surface of an article such as a 
lens blank 83, the Supporting plate 9 will be 

is slidably moved on bed 6 to a position where the 
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scales. 30 and 3 will indicate that a curve of six 
diopters will be generated. Then the handle 8 
may be operated to slidably move the base men 
ber 85 and the parts of the head mechanism 
mounted thereon longitudinally of the table 7 
on the tracks 86 and 87 to a position where the 
scales 92 and 93 will render an indication simi 
lar to the scales 30 and 3. This latter adjust 
ment is a compensating adjustment which 
initially enables the tool to be adjusted in a 
direction away from the work an amount Suffi 
cient to permit the scale settings to be made 
On the Scales 3 and 3. ... The tool may then be 
moved toward the Work and to its final desired 
position as determined by the scales. 92 and 93. 

It is particularly pointed out that the curve. 
which is generated will be of the concave or 

10 

5 

negative form and the radius of curvature is 
dependent upon the distance at which the cut 
ting edge of the tool. 40 is adjusted with respect 
to the longitudinal axis of the pivot post 32. 
This arrangement, therefore, provides for Wari 
Ous differently controlled curves to be formed 
in the horizontal meridian. 
The curve generated in the vertical meridian 

of the lens blank or other article to be surfaced 
is controlled by the tilting of the tool. 49 rela 
tive to the position Which the longitudinal axis 
or plane of the blank assumes when supported 
in operative relation with respect to the tool. 
This is accomplished by loosening the clamp 
and adjusting the quadrant-shaped plate 94 
upon the base member 85 about the axis of the 
pivot stud 95. After adjusting the plate 94 to 
the approximate desired position as indicated 
by the Scale (4, the clamp 0 is tightened and 
the knob 8 is then operated to obtain the 
finer adjustment necessary to position the quad 
rant-shaped plate 94 as desired. 

If the curve to be generated on the lens blank 
or other article 83 is to be a single spherical 
type curve, the tool 40 is angled so as to gen 
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erate a curve in the vertical meridian of the 
blank Which corresponds in radius to the curve 
generated by the Swing of the-tool in a horizontal 
direction about the center of the pivot post 32. 
The two curves, therefore, will be of the same 
radius and Will thereby generate a single spheri 
cal curve. If the surface is to have a compound 
curvature, then the adjustments are made So as 
to introduce the different radii of curvatures, de 
sired in the respective vertical and horizontal 
meridians. 
After the above-mentioned adjustments have 

been made, the article or blank 83 carried by 
the spindle 53 may be inserted in the chuck 
45, the spindle having been previously adjusted 
in the jig 88 as described so that the particular 
thickness of the lens blank 83 to be surfaced 
may be accommodated. It will be understood 
that in inserting the spindle 53 in the chuck 
45, the rod 78 will be placed in abutment with 

the contact member 69, the micrometer adjust 
ment having been previously set at Zero. At this 
time current may be applied to magnetize the 
chuck 45 so that the spindle 53 will be securely 
held in the V-groove 52 thereof. The amount 
of material to be removed from the lens blank 
may be then controlled by operation of the 
micrometer adjusting device 5 to cause the 
operating member 63 and contact member 69 
to urge the spindle 53 toward the Surfacing tool 
f 40, the amount of material to be removed being 
determined by the micrometer markings 67 and 
68. It is to be understood that the initial thick 
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ness of the blank has been determined and that 
the final desired thickness is known. - 

Prior to making the fine adjustment for de 
termining the amount of the material to be re 
moved from the blank, the tool 40 is swung iri a. 
sidewise direction about the axis of the pivot post 
32 to a position out of engagement with the blank. 
It may be held in this position by means of the 
camlocking device 72 pivotally connected to the 
Supporting plate 9 and adapted to frictionally 
engage the edge of the base plate 33. 
After adjusting the micrometer device 57 and 

releasing the locking device 12 the tool 40 may 
then be fed transversely of the article or blank 
83 by means of the gravital pull of the weight 
48 carried by the cord 49 which is secured to the 
base plate 33, the dashpot dampening device 56 
being adjusted to regulate the rate of Swing of 
the plate 33 and the entire assembly disposed 
thereon. This dashpot arrangement not only 
functions in opposition to the gravital pull of 
the weight. 48 but also acts as a Shock absorbing 
means to prevent vibratory movement of the tool 
:40 relative to the lens blank 83 during the 
abrading operation, and the entire feed may be 
adjusted So as to substantially keep pace with 
the rate of removal of the cutting tool, thereby 
enabling the forming of a very finely abraded 
Surface having a relatively Smooth and fine tex 
ture. This yieldable control is a strong feature 
in the cutting of the lens blank as heretofore a 
positive advance of the tool often caused break 
age or chipping of the blank and also a rough 
finished surface. As the most uniform glass 
never cuts at exactly the same rate of speed, the 
yieldable control drive of the tool across the face 
of the article or lens blank is a positive feature 
in producing a true and relatively smooth cut. 
The above arrangement also permits the tool 

to be manually swung in a direction transversely 
of the tool either for prelocating the tool relative 
to the work or for making an initial cut or the 
entire abrading cycle may, if desired, be manu 
ally performed. 
A lubricant or coolant is fed onto the engag 

ing portions of the tool and article being Surfaced 
from a supply tank 20 disposed in the machine 
base 5 by means of a pump 202, the pump 202 
being of any conventional type adapted to force 
liquid from the tank 20 through a pipe line (not 
shown) to the conduit 203 (Fig. 2) Where it will 
be expelled onto the tool and article. The too 
and article to be Surfaced, as shown in FigS. 1 and 
2, have a housing 204 Surrounding the same to 
confine the flow of the lubricant and material re 
moved from the article within the housing, and 
for preventing the lubricant from being splashed 
or otherwise gaining access to other working parts 
of the machine. The housing 204 has a base 
portion 205 and a top portion 206, the top portion 
206 being hinged to the base portion 205 So as to 
be swung vertically upon hinges 207. Within the 
housing 204 are Splash guards 208 which are se 
cured to the inner walls of the base portion 205 
of the housing and positioned in relatively in 
timate or closed relation about the said tool and 
article to confine the lubricant to the desired 
engaging Surfaces of the tool and article. 
The lubricant will be drawn by gravity out of 

the base portion 205 of the housing 204 and ex 
pelled into the tank 20 from the conduit 209. 
It may be desired to use a vacuum system to draw 
the mist formed by the lubricant upon engaging 
the rotating tool and article being abraded from 

75 within the housing 204, such a vacuum system 
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being referred to in Fig. 8 by the numeral 210 
and includes a motor 2 fl which is adapted to set 
up a Suction to draw the mist from the interior 
of the housing 204 into the conduit 2 fl and to 
expel it into the lubricant in the tank. 20. 
From the foregoing description, it will be seen 

that simple, efficient, and economical means have 
been provided for accomplishing all of the objects 
and advantages of the invention. By providing 
the improved features described, it can be seen 
that the present invention is not only a consider 
able improvement Over hand Surfacing operations 
but also, an improvement over prior mechanical 
devices by the provision of means for presetting 
an article: to be surfaced before installing it in 
abrading position thus considerably speeding up 
the Surfacing operations of such articles as opti 
cal lenses and also by the provision of simple and 
easily operated adjusting means for positioning 
an abicading tool with respect to the article to be 
abraded, and means for magnetically holding an 
article to be. Surfaced in abrading position in the 
machine. 
Although a variable field type magnetic chuck 

E45 has been disclosed herein as a preferred type 
of Chuck any other known type of magnetic or 
mechanical chluck may be employed as, for ex 
annple, in the latter instance a chuck embodying 
a V-block in combination with suitable clamping 
mechanism may be employed. 
While certain novel features of the invention 

have been shown and described and are pointed 
out, in the annexed claims, it will be understood 
that various omissions, substitutions and changes 
in the forms and details of the device illustrated 
and in itS Operation may be made by those skilled 
in the art without departing from the spirit of 
the invention. 
We claim: 
1. A surfacing machine comprising a base hav 

ing a work Supporting head fixedly secured ad 
jacent one end thereof and having a sideway 
extending in a direction longitudinally thereof, 
a slide member on said slideway movable toward 
and away from Said work Supporting head, a 
rotatable portion pivotally secured to said slide 
naenber for novelinent about an axis disposed 
normally to the direction in which said slide 
member is nowable aid having a Second Slide 
way thereon, a second slide member mounted on 
Said second slideway nowable toward and away 
from said axis, and having a tool supporting head 
pivotally attached thereto. for movement. about a 
second axis disposed substantially parallel to said 
first axis, a cupped type abrading tool having its 
effective abrading Surface in the form of at arc 
with its center coaxial with said second axis 
whereby the tool may be moved about said second 
axis as a center to different angular positions, 
means carried by Said tool supporting head for 
rotating said tool and adjustmeat means carried 
by said work Supporting head for noving an 
article to be abraded into alignment with the 
effective abrading portion of the tool and for 
controlling the depth of the abrading action of 
the tool on the article, whereby the tool may be 
swung about the first axis as a center to cause 
the effective abrading portion of the tool during 
the rotation thereof to move transversely of the 
article and cause tae Shape of the resulting 
abraded Sface on said article to have a curva 
ture in one meridiara thereof controlled by the 
adjusted angle of the tool about the second axis 
and in the major neiridian thereof controlled by 
the arc of Swing of the tool about said first axis. 
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2. A surfacing machine comprising a base hay 

ing a Supporting means thereon for support 
ing work in a predetermined position and hav 
ing a slideWay to one side of Said Work sup 
porting means, a slide member mounted on 
Said slideway for movement toward and away. 
from Said Wolk pivot means on said slide 
member, a rotatable Supporting member haW 
ing a second slideway thereon and being piv 
otally connected to said pivot means, a scale 
and indicator means carried by said first slide 
member and the base adapted to function co 
operatively to indicate the position of the pivot 
means with respect to the work, a second slide 
inember mouhted on Said Second Slideway and 
having a tool supporting head pivotally connected 
thereto, an abrading tool rotatably Supported by 
Said tool Supporting head and being adjustable 
toward and away from Said work by adjusting 
the slide memberS. to controlled positions longi 
tudinally of the slideways to vary the related 
position of the tool supporting head, means for 
retaining said tool supporting head in adjusted 
position, and means for Swinging said tool about 
Said first pivot in an arc controlled by adjust 
ment of the tool relative to the axis of said first 
pivot, Said Work Supporting means including a 
work holder and an adjustable contact member 
for engaging the work holder and moving said 
work holder toward the tool to control the 
amount of material to be removed from the work 
by the tool Scale and indicator means associated 
therewith for determining the position of adjust 
ment of the work holder and the amount of re 
moval the relation of the tool to the work will 
permit. 

3. In a device of the character described means 
for retaining a work holder on a work supporting 
head and for supporting an articie to be carried 
by said work holder to be abraded by an abrading 
tool Supported in adjacent operative relation 
with said work supporting head, said work sup 
porting head having an adjustable contact mem 
ber and having means for controlling and indi 
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cating the extent of adjustment of said contact 
member, said work holder having means for sup-. 
porting an article to be abraded adjacent one 
end thereof and having an adjustable pertion 
adjacent its opposed end adapted to engage the 
adjustable contact member of said head when 
located in operative position in said head, the 
distance between said contact member and the 
effective abrading portion of the tool being a 
determinable distance when the contact naember 
is set at zero position and the distance between 
the Outer end of the adjustable portion of the 
work holder and the exposed Surface of the 
article to be abraded in the use of the device being 
controlled so as to be substantially equal to said 
determinable distance. 

4. In a device of the character described, the 
combination of a rotatable cupped abrading tool, 
means for angling said tool relative to the work 
to be abraded, means for feeding said angled tool. 
in an arcuate path about a given axis and trains 
versely of the Work along a meridian Substan 
tially normal to the angling of the tool, means 
for moving said axis toward and away from the 
work to vary the curvature formed on the surface 
of the work by the abrading tool, means for ad 
justably supporting the work comprising a chuck 
having a V-groove therein, a work carrying 
Spindle member positioned in said V-groove to 
carry Said work in a horizontal plane with re 
spect to the abrading tool, and micrometric 
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means for advancing said work toward said tool 
in accordance with the amount of material to be 
removed from the Surface thereof. 

5. In a Surfacing machine of the character 
described, the combination of a rotatable abrad 
ing tool, Supporting means for carrying an article 
for engagement with the tool comprising a chuck 
having a V-groove formed therein, independent 
article-carrying means positioned in said W 
groove comprising a holding member adapted to 
carry Said article in a horizontal plane with re 
Spect to said abrading tool, and having adjustable 
contact means, and feed means for engaging said 
contact means and advancing said article toward 
Said tool in accordance with the amount of ma 
terial to be removed from the surface thereof. 

6. In a Surfacing machine, the combination of 
a work Supporting head, a tool supporting head 
carrying an abrading tool for location adjacent 
Said work supporting head, a chuck fixedly sup 
ported on Said work supporting head, a longitudi 
nally adjustable spindle positioned in said chuck, 
Said Spindle having one end portion adapted to 
carry Said article and its opposed end portion 
adjustable toward and away from said first por 
tion to vary the length of the spindle, and micro 
metric means carried by said work supporting 
head and having an adjustable contact portion 
for contacting the opposed end portion of the 
spindle and advancing said spindle and article 
carried by the first end portion thereof toward 
said abrading tool whereby the surface of said 
article may be positioned relative to the tool so 
as to be abraded to depths as governed by said 
micrometric means. 

7. A Surfacing machine comprising the com 
bination of a tool supporting head and a work 
Supporting head, said work supporting head hav 
ing a V-groove therein, a spindle member seat 
able in said groove for adjustably carrying an 
article to be surfaced at one end thereof, and 
feed means adapted to move said spindle and 
article carried thereby longitudinally in said 
V-groove in accordance with the amount of ma 
terial to be removed from the surface of said 
article, said tool supporting head supporting an 
abrading tool adjacent the article to be sur 
faced and being rotatable about a given pivot, 
adjustment means for moving said pivot toward 
and away from the work and for correspondingly 
changing the amount of separation of the tool 
from said pivot, said tool supporting head having 
means associated therewith for angularly adjust 
ing the abrading tool relative to the article about 
a Second pivot lying on an axial line extending 
through the abrading surface of the tool, and 
means for yieldably feeding said angled tool 
transversely of the article and along an arc 
defined by said first pivot as a center. 

8. A Surface abrading machine of the char 
acter described comprising holding means for 
supporting work having a surface to be abraded, 
a rotatable tool having an abrading surface 
thereon, and adjustable means for supporting the 
tool with its surface in abrading relation with the 
Surface of the work to be abraded, said adjust 
able Supporting means including a table rotat 
able about an axis disposed substantially parallel 
to the general plane of said surface of the work 
to be abraded, said table being adjustable in a. 
direction toward and away from said general 
plane of the Surface of the work to be abraded 
to vary the related position of said axis of the 
table to the work, a supporting portion mounted 
On Said table and adjustable toward and away 
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from the axis of said table, together with a second 
Supporting portion mounted on said first sup 
porting portion, with said second supporting por 
tion carrying the tool and being adjustable about 
an axis disposed substantially parallel to the axis 
of the table and substantially intersecting the 
abrading surface of the tool. 

9. A surface abrading machine of the char 
acter described comprising holding means for 
Supporting work having a surface to be abraded, 
a rotatable tool having an abrading surface 
thereon, and adjustable means for supporting the 
tool with its surface in abrading relation. With 
the Surface of the work to be abraded, said ad 
justable Supporting means including a table 
rotatable about an axis disposed substantially 
parallel to the general plane, of said surface of 
the work to be abraded, said table being adjust 
able in a direction toward and away from said 
general plane of the surface of the work to be 
abraded to vary the related position of said axis 
of the table to the work, a supporting portion 
mounted on said table and adjustable toward and 
away from the axis of said table, together with 
a Second Supporting portion mounted on said 
first supporting portion with said second support 
ing portion carrying the tool and being adjust 
able about an axis disposed substantially parallel 
to the axis of the table and substantially inter 
Secting the abrading Surface of the tool, and 
means for rotating said table to cause the tool 
to traverse the surface of the Work. . . . 

10. A Surface abrading machine of the char 
acter described comprising a supporting member 
having a Seat therein, movable means mounted 
on the seat for supporting work having a surface 
to be abraded, a rotatable tool having an abrad 
ing surface thereon, and adjustable means for 
Supporting the tool with its surface in abrading. 
relation with the surface of the work to be 
abraded, said adjustable Supporting means in 
cluding a table rotatable about an axis disposed 
substantially parallel to the general plane of said 
surface of the work to be abraded, said table 
being adjustable in a direction toward and away 
from said general plane of the surface of the 
work to be abraded, so as to vary the related 
position of said axis of the table to the work, a 
Supporting portion mounted on said table and 
adjustable toward and away from the axis of 
said table, together with a second supporting por 
tion mounted on said first supporting portion 
with said second supporting portion carrying the 
tool and being adjustable about an axis disposed 
Substantially parallel to the axis of the table and 
Substantially intersecting the abrading surface 
of the tool, together with means for rotating the 
table to cause movement of the tool transversely 
of the surface of the work to be abraded, and 
control means for urging the movable Work Sup 
porting means toward the abrading tool accord 
ing to the amount of material desired to be re 
moved from the work by said transverse motion 
of the tool. 

11. A surface abrading machine of the char 
acter described comprising holding means for 
supporting work having a surface to be abraded, 
a rotatable tool having an abrading surface 
thereon, and adjustable means for supporting the 
tool with its surface in abrading relation with 
the surface of the work to be abraded, said ad 
justable supporting means including a support 
ing member movable toward and away from the 
work to be abraded, pivot means on said sup 
porting member, a rotatable member pivotally 
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connected with said pivot means, the axis of Said 
pivot means being disposed substantially parallel 
to the general plane of said surface of the work 
to be abraded, a supporting portion mounted on 
said rotatable member and adjustable toward and 
away from the pivot means to which said rotat 
able member is pivotally connected, together with 
a second Supporting portion mounted on Said 
first supporting portion, said second Supporting 
portion carrying the tool and means for rotating 
the tool with its axis of rotation substantially 
normal to the axis of the pivot means, and said 
second supporting portion being adjustable about 
an axis disposed substantially parallel to the axis 
of the rotatable member and substantially inter 
secting the abrading surface of the tool. 

12. In a device of the character described, the 
combination of an abrading tool and Supporting 
means for maintaining work in controlled abrad 
ing relation therewith, said supporting means 
including a main support having a seat therein, 
a work holder mounted in said seat and movable 
along said seat toward and away from the tool, 
means adjacent the side of the work holder to 
ward the tool for Supporting the work to be 
abraded, and an adjustable contact portion ad 
jacent the opposed side of the work holder inov 
able toward and away from the work holding 
means for varying the distance between the work 
to be abraded and the contact portion of the work 
holder, locking means for retaining said conta t 
portion in adjusted relation, and adjustable 
means having an engagement portion for engag 
ing said contact portion and moving the work 
holder along said seat, toward the abrading tool 
to control the amount of material removable 
from the work by the tool, and means for locking 
the work holder in a given position along Said 
seat. 

13. In a device of the character described, the 
combination of an abrading tool and supporting 
means for maintaining work in controlled abrad 
ing relation therewith, said supporting means in 
cluding magnetic chuck means having a V-shaped 
longitudinal seat therein, a work holder mount 
able in said seat and movable toward and away 
from the tool, means carried by the Work holder 
adjacent one end thereof for supporting the Work 
to be abraded, a contact portion adjacent the 
opposed end and adjustment means for varying 
the distance of separation of the contact portion 
from the work supporting means, and feed means 
for engaging said contact portion and moving 
the work holder bodily along said seat control 
lable amounts toward the abrading tool accord 
ing to the amount of material desired to be re 
moved from the work by the abrading action of 
the tool thereon, said work holder being of a ma 
terial magnetically attractable by the magnetic 
chuck means and means for energizing and de 
energizing, the magnetic chuck means So as to 
lock and unlock the Work holder in a given posi 
tion in Said seat. 

14. In a device of the character described, the 
combination of a rotatable abrading tool, SUp 
porting means for work having a surface to be 
abraded and adjustable means for supporting the 
tool with its abrading Surface in controlled abrad 
ing relation with the work, said supporting means 
including a main support, having, a seat therein, 
a Work holder mounted in said seat and movable 
toward and away from the tool, means adjacent 
the side of the work holder toward the tool for 
Supporting the work to be abraded, a contact por 
tion adjacent its opposed end and means for vary 
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ing the distance between the work to be abraded 
and the contact portion of the Work holder, Said 
adjustable supporting means for the rotatable tool 
including a table rotatable about an axis disposed 
substantially parallel to the general plane of Said 
Surface of the work to be abraded, said table be 
ing adjustable in a direction toward and away 
from said general plane of the surface of the work 
to be abraded so as to vary the related position of 
said axis of the table to the Work, a Supporting 
portion mounted on said table and adjustable 
toward and away from the axis of said table, to 
gether with a second Supporting portion mount 
ed on said first supporting portion, with said sec 
ond Supporting portion carrying the tool and be 
ing adjustable about an axis disposed substan 
tially parallel to the axis of the table and Sub 
stantially intersecting the abrading surface of the 
tool, means for rotating Said table, and means 
for moving the Work holder along said seat of the 
Imain support toward the abrading tool to con 
trol the amount of laterial renovable from the 
Work by the tool during the abrading action there 
Of on the Surface of the Work. 

15. In a surface abrading device of the char 
acter described, the combination of an abrading 
tool, a Spindle having holding means adjacent 
One end for Supporting Work having a Surface to 
be abraded, and having contact means adjacent 
its opposed end, Said contact means being ad 
justable relative to the spindle for varying the 
distance between Said contact means and the Work 
holding means, feed means having an engagement 
portion for engaging Said contact lineans of the 
Spindle So as to permit operation of the feed 
lineans to move the Spindle and Work carried 
thereby into effective abrading relation with the 
abrading tool, and gauge means for indicating a 
Standard of distance between the initial posi 
tion of the engagement portion of the feed means 
and the abrading tool whereby the distance be 
tween the contact means and Work holding means 
of the Spindle may be adjusted to compensate for 
different thicknesses of work So as to permit pre 
dictable announts of material to be renoved from 
the Work under control of the feed means. 

16. In a surface abrading device of the chair 
acter described, the combination of an abrading 
tool, a Support having a seat therein, and a re 
movable Spindle positionable in said seat, said 
Spindle having holding means adjacent one end 
for Supporting Work having a surface to be abrad 
ed, and having nowable contact means adjacent 
its opposed end, Spring means for urging Said 
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5 contact means in a direction aWay from the Work 
holding means, and lockiing means for maintain 
ing said nowable contact means in adjusted re 
lation, feed means having an engagement por 
tion for engaging. said contact means of the Spin 
die so as to permit operation of the feed means 
to move the Spindle and Work carried thereby into 
effective abrading relation with the abrading tool, 
and gauge means for indicating a Standard of 
distance between the initial position of the en 
gagement portion of the feed means and the 
a bracing tool whereby the distance between the 
contact neans and Work holding means of the 
Spindle may be adjusted to compensate for dif 
ferent thicknesses of Work So as to permit pre 
dictable amounts of material to be removed from 
the Work under control of the feed means. 

17. In a Surface abrading device of the char 
acter described, the combination of an abrading 
tool, a Spindle having holding means adjacent 
one end for Supporting Work having a Surface to 
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be abraded, and having contact means adjacent 
its opposed end, Said contact means being ad 
justable relative to the spindle for varying the 
distance between Said contact means and the 
Work holding means, feed means having an en 
gagement portion for engaging said contact means 
of the Spindle So as to permit operation of the 
feed means to move the spindle and Work car 
ried thereby into effective abrading relation with 
the abrading tool, and gauge means for indi 
cating a standard of distance between the initial 
position of the engagement portion of the feed 
means and the abrading tool whereby the dis 
tance between the contact means and work hold 
ing means of the Spindle may be adjusted to 
compensate for different thicknesses of work 
SO as to permit predictable amounts of ma 
terial to be removed from the work under con 
trol of the feed means, said gauge means com 
prising a seat for the spindle, a stop member 
adjacent one end, and an adjustable member 
adjacent the opposed end movable toward and 
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away from said stop member to adjust the dis 
tance of separation of said adjustable member 
from the stop member according to said stand 
ard. 

DANIEL P. BERNHEIM. 
WILLIAMA, GUNNING. 
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