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1 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 ito provide
a surfacing machine of the above character hav-
ing means for controlling the rate of fransverse
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 tool. ) -

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.

Anocther 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.

Another object- is to provide an -improved

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,
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Ancther 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 mcving 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 im-
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
ahove 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
radiaily and angularly with respect to a pivob
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
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 controlied. _

Another object is to provide adjustablé 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 diametsr 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.
Purther objects areto provide in a'‘manner: az
hereinafter set forth a surfacing machine which

Jscomparatively simple in its construction, durs=-
able, thoroughly efficient in its use; and readily"

set up and adjusted for abrading articles having
various surface characteristics:.

Other-cbjects and advantages of the invention
will become apparent from the following daserip-
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 move-
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 ms-
chine bed;

Fig. 4-is a fragmentary sectional view of the-
feed-contrel parts within the forward portion of

the bed;

Fig.57is a-fragmentary sectional view taken on:

linie- 5—5 of Fig. 3'looking. inthe direction of the
arrows;

Fig. 6 is -a fragmentary sectional view of the
spindle - holding. means for the article: to he
abraded;

Fig, 7-is a fragmentary sectional view taken on
line 71 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 plan 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
on line {{—I{| 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
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usual practice fo reduce lens blanks or articles
of g similar nature {o 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

5 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 ecan 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

(]

comprises a machine for generating or surfacing
articles with minus curvatures and comprises a
hollow machine base 15 supporting a bed 16 pro-
vided on its upper surface with spaced tracks or
guideways 17 on which is slidably located the ma-
chine head mechanism (8, the head mechanism 18
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being provided with a supporting plate 19 having
spaced tracks 20 on its under side adapted to in-
terfit with the tracks 171, the engaging surfaces
of the tracks 17 and 20 being machined so that the
head 18 may be moved on the tracks {7 with ease
and accuracy. The means for slidably moving
the head on the tracks (T includes a manually
operable handle member 2{ rotatably mounted by
its shaft 22 in a bracket 23 (Fig. 3) formed on the
inside of the end wall of the bed 16, the shait 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
21 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
. @ tubular depending member 29 formed integral
with the under side of the supporting plate mem-
ber 19 (Fig. 5). Thus by manual rotation of the
handle 21 the entire head mechanism 18 can be
moved longitudinally of the bed i6 on the tracks
11. A scale 30 graduated in millimeters is fixedly
secured to the edge of the front track {7 on the
bed 16 and has its reading edge aligned with an
index mark on the reading edge of a scale 31 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 19. By this means the extent of
the sliding movement of the head mechanism i8
on the bed 16 may be determined.

The entire head mechanism with the exception
of the plate 19 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 plafe 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 membper 28 formed on the
supporting plate 19. The roller bearing unit 35
has its outer race 37 located on the inner wall
of an enlarged cpening 39 in the tubular member
29 and concentric with the opening 38, and there-
by provides means whereby the base plate 38 and

the head mechanism mounted thereon may more |

easily and unrestrainedly rotate. A washer-like
retaining member 48 is secured by means such as
serews 41 over the end of the depending member
298 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 471 formed on the sup-
porting plate (9. This roller bearing unit 45
serves to minimize friction between the base plate
83 and supporting plate 19 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 59 being secured at its upper and lower.

ends to p01t10ns of the base 15. The cord 49 is
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connected at one end to the weight 48 and ex-
tends upwardly through an opening §i. in the
top of the base 15, and passes over a pulley 52
rotatably mounted by stud 53 on a bracket 54
depending from an overlapping housing member
54¢ fixedly located on the bed 16. 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
18 is free to swing about the center of the pivot
post 32.. A suitably disposed handle member 5
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 he
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 sravital 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 51, the plunger
rod 58 of the dashpot device 5§ 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 61: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 19 and serves to cairy a downwardly
extending roller carrying stud 64, the stud 64 be-
ing secured to the ring member §2 by means such
as pin 65 and having mounted thereover a roller
65, the roller 66 being adapted to engage the
rear surface.of the rack 58 to maintain the rack
in mesh engagement with the gear 60. By
proper adjustment of the valve control 571 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 67 secured to the under surface of the
supporting plate 1§ by bolts 68 and thus is adapt-
ed to move with the plate 13 longitudinally of the
bed 16. The bed 16 has an opening 69 in its end
wall through which the dashpot 56 may pass, as
shown in Fig. 4, and a cover 18 is hinged as by
the hinge pin 71 to the bed 16 to conceal and pro-
tect the device.

The base plate 33 may be prevented from ro-
tating by means of a friction lock 72 comprising
a cam member 13 (Fig. 2) rotatably mounted by
means of stud 74 on the supporting plate 19 ad-
jacent the base plate 33 and adapted to be man-
ually rotated by a handle 15 attached thereto to
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7
Irictionally 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
shait 78 which is adapted to extend through an
opening in one end of a hollow table 77 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 77 and an end portion
19.0f smaller. diameter than the threaded por-
tion . 78, the- shaft being rotatably mounted in a
bushing 88 located in the opening in the end of
the table-17; the rotation thereof being manually
controlled by a handle 8. The bushing 88 is
formed with-a flanged portion &2 adapted to en-
gage- the inner surface of the end wall of the
table 17 and-a stop plate 83 is secured to the
shaft-portion 79 by a pin 84, the flange 82 and
stop plate 83 cooperating to prevent longitudinal
displacement of the shaft 7§.

The head mechanism mounted on the table 77
includes a slidable base: member 85 having
tracks 86 formed longitudinaily on its lower sur-
face, the tracks 86 being adapted to slidingly en-
gage -tracks 87 formed on the upper surface of
the table 71. 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 hase member- 85 and held immov-
ably in place by a retaining plate 8% and screw
81. The member 88 has a longitudinally
threaded opening for reception of the threaded
portion 78 of the operating shaft 8. Thus, by
operation of handle 8¢ rotation of shaft 16 will
cause the base member 85 and the parts of the
head mechanism' mounted thereon to slide lon-
gitudinally of the table 77 on the tracks 88 and
817, the engaging surfaces of the tracks 86 and 8%
being machined similar to tracks {7 and 20 o
provide ease and accuracy of movement of the
sliding member. A diopter scale 92 is secured

to the edge of the forward track 85 and a milli-

meter scale 83 is secured to the edge of the table
1T and are adapted to be read similar to the
scales-31 and 38. The scales §2 and 93 ave simi-
lar to the-scales 3! and 30 respectively except

that the scales 82.and 83 are graduated reversely 20

to the graduations on scales 31 and 39.

A quadrant-shaped plate 88 is movably
mounted cn the upper surface of the base mem-
ber 85. and is adapted to pivet about an axis

formed by a pivet stud §5. The pivot stud 85 is :

inserted - in a vertical opening in the guadrant-
shaped plate 94, the opening in plate 94 having
an enlarged lower portion for reception of a
lock nut 98, the lock nut 8§ being threadedly
mounted over the end of the pivet stud 95 and
having bifurcated portions 87 securedly con-
nected by screw 98 in such:a manner that when
screw .98-is tightened the bifurcated portions 87
will tend to abut and thus will lock the lock nut
86.on the end of stud 85. The quadrant-shaped
plate 84 is provided near one end with a vertical
opening in which is. located & bushing 83, the
pivot stud 95 being disposed within the bushing
99. A vertical opening is provided in the pivot
stud 85 for insertion of an alignment member as
will, be hereinafter described, the alignment
member to be used in setting up the machine.
Since it is important that the opening 19§ as
well.as the stud 95 should be protected from pos-
sible damage a cap.member {01 is threadedly in-
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base member 88,

8

serted-in’an enlarged upper portion 'of the ver~
tical opening in the quadrant-shaped plate 94. -

The upper surface of the base member 85 has
an arcuate machined surface portion (82 corre-
spending to'a smilar adjacent surface portion 183:
formed-on the under side of the quadrant-shaped:
plate 84. This provides constantly accurate Dosi=-
tioning of the-plate 94 on the bhase member 85,
the base member 85 also being provided: with.a:
graduated scale {64 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 flanged portion.-i 85-
formed on ifs outer end and the plate 24.is pro-
vided with a. pair of spaced. bifurcations. {06
(Figs. 3 and 11). A movable biock | 97 is-posi~
ticned between- the bifurcations 18§ and is
adapted to reside on the upper surface of the
A cover plate {88 covers:the.
upper surface of the bifurcations -125. and block
{87 and a clip 188.is- adapted to reside against
the under surface of the flanged portion 195 of:
base member 85. A clamp {15 is.provided with a.
vertical shaft 11{ adapted to extend downwardly
through concentric openings in: the-cover plate
108, block 167 and flanged portion 195, and. is
threadedly inserted in the clip {088.. The shaft
1t is provided with a peripheral flange 112 and.
a handle {13 whereby upon manual manipulation
of the handle {13 the shaft 1{{- can be made to.
turn to tighten the. clip. {08 .against the.under
surfacz of the flanged portion {85 of the. base.
member §5, and the flange 142, cover plate. 108
and block {87 will also. be forced- dewnwardly.
against the upper surface of the flanged portion
185. To.perform a major change in adjustment
with respect to the relationship of the quadrant-
shaped plate 84 to the base member 85, the clamp,
142 is operated to release the pressure upon the
block 197 and clip {69, permitting the plate 94
to be manuvally swung about the pivot stud. €5 to
2 position approximate the final adjustment de-
sired as.indicated by the scale 184. The clamp.
{18 may then be again manipulated to lock the
block {47 immovable against the. upper surface
of the base member 85.

To obtain the finer adjustment there is pro-
vided an operating shaft {14 horizontally dis-
posed and adapted to extend through both bifur-
cations {88 of the quadrani-shaped plate 84" the
shaft being maintained in position by retaining
washers {15 secured to the shaft {i4° adjacent
the outer surfaces of the bifurcations 19§ as by
pins 118. A worm gear V17 is fizedly located on
the shait 1{4 between the bifurcationgs (86" and

-is adapted to mesh with threads formed on the
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outer surface of the block 181, and 2 knurled
knob {18 is located on the end of the shaft { {4 for
manual operation of the device. Thus, since the
block {87 is immovably positioned on. the. base
member 85, when the knob 18 is turned to rotate.
the worm gear {{7 the action of the gear (1T
against the block 187 will cause the bifurcations
105.and consequently the.quadrant-shaped plate
94 ag well as the portions of the head mechanism
mounted thereon to move slightly about the axis
formed. by the pivet stud 95, thereby providing
the final adjustinent of the position of the quad-
rant-shaped plate 84 with respsct to the base
member 85,

The upper surface of the quadrant-shaped
plate 94 carries an integral horizontal set of
tracks or guideways 11§ which are adapted to
slidably support. engaging tracks 12§ formed on
the under side of ‘a motor support 2. A rotat-
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able shaft 122 is adapted to threadedly engage a
"depending portion 123 on the front of the motor
support 121, the shaft extending between the
“tracks (19 and carrying on its forward end a
knurled operating knob 124 and having its rear
end rotatably disposed in an upwardly extending
portion 25 of the plate 94. Thus, by rotation of
the knob 124 and shaft. {22 the motor support
121 can be made to slide on tracks {19 in a man-
ner similar to the movement of the supporting
plate {9 on the bed tracks 17. The amount of the
movement of the motor support 121 on tracks i1 g
is indicated by adjoining scales 126 and 121 lo-
cated on the outer surface of one of the tracks
120 and adjacent surface of the plate 84 respec-
tively.
" The motor support 21 is formed with a hol-
low portion {28 in which is adapted to project
a downward extension 129 formed integral with
the under side of a motor base 130. The motor
base 30 is provided with a longitudinal machined
portion (31 which is adapted to slidably reside
in a groove machined in the upper surface of the
motor support 121.” An adjusting screw {32 is
rotatably mounted through a portion of the motor
support 121 and has a portion thereof threaded
_into an opening in the extension i28, the screw
132 having a slotted head at its oufer end and
being provided adjacent the inner surface of the
wall of the support 121 with a retaining washer
133 connected thereto by a pin i34 to prevent
lateral displacement thereof, Thus, by rotation
of the screw 132 by a screw-driver or similar
means the motor base 138 and mechanism
mounted thereon can be made to slide in the
groove in the motor support {21. Threaded bores
are provided in the motor support i21 for
reception of locking bolts 135, the bolts 135 being
adapted to extend downwardly through slotted
openings 136 in the motor base 130 and into the
bores so that when the motor base {38 has been
positioned as desired by the adjusting screw i32
the bolts 135 may be tightened to maintain the
base 130 in its set position on the support 21.
Tixedly located on the motor base 138 is a motor
{31 which is suitably connected to a source of

current (not shown) and controlled by a switch-

device 138 disposed on the machine housing in
any suitable location easily accessible to the
machine operator such as shown in Fig. 1. The
motor 137 drives a shaft 139 to which a cupped or
ring-type abrading tool 148 is secured. The tool
140 is preferably of a diamond impregnated or
charged type and has its abrading portion 141
formed with a curved cross-sectional shape.

The housing 54¢ on the bed 16 has fixedly
secured thereto by bolts 142 a head 143 which is
adapted to carry the work to be abraded. The
head 143 is provided with a pair of spaced up-
wardly extending supporting arms 144 between
which is carried a chuck 145, the chuck 145 being
of any suitable conventional type but preferably
of a magnetic type. The chuck {45 has support-
ing members 147 secured to each side thereof
by bolts 146, the members 147 being provided with
flanges 148, the flanges 148 being adapted to
extend over the top surfaces of the arms 144 and
to be secured thereto by means of bolts 149, To
assist in supporting the chuck {45 a supporting
plate 150 is provided between the lower surface
of the chuck |45 and the top of the head {43, the
plate 150 being secured. to the head 143 by bolts
{51. The chuck 145 has formed in the top sur-
face thereof a longitudinal V-groove 152 having
- its opposed surfaces precision machined so that
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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 amny.: re-
aligning operations to locate the spindle in its
original position. The chuck 145 illustrated in
the drawings is of the permanent magnetic type
and is provided with an operating lever 154 so
that when the lever (54 is turned fo the “on”
position the magnetic field of the chuck will
attract the spindle 153 in such a manner that the
spindle will be fixedly retained in the V-groove
{52 until such a time as the lever 154 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 155 may be
secured as by screws 156 over the ends of the
chuck 145 and supporting plate 150 for appear-
ance, . .

An adjustment device 157 (Fig. 6) similar to a
micrometer is located in the upper end of a
pbracket 158 secured to the edge of the head 143
adjacent the chuck 145 by bolts 159. The bracket
{58 is provided with an enlarged supporting por-
tion 160 having a horizonfal bore in which is ad-
justably located a bushing 161, the bushing being
threaded on its internal surface and adapted to
receive the threaded portion 162 of an operating
member {63. The bushing is held in adjusted
position by a set screw 161a 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 162 and has a knurled oper-
ating knob 164 secured thereto by a pin 165, the
knob being spaced from the end of the bracket
158 and bushing 161 and having a peripheral
flange portion 166 adapted to extened over the
end of the supporting portion 160 of the bracket
{58, the flange portion 166 having micrometer
markings 167 therearound (¥ig. 1) cooperating
with markings 168 on the supporting portion (60.
The other end of the operating member 163 is
also of smaller diameter than the threaded por-
tion 162 and carries in its extreme end a hardened
contact member 169, the member 169 being im-
movably positioned in the end of the member 163
(Fig. 6).

A jig 188 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 16 as shown in Fig. 1.
The jig 188 is shaped to support the spindle 153
and includes. spaced supporting arms 189 having
v-grooves therein and an upwardly extending
arm 198 at one end thereof, with a corresponding
arm (91 at its opposite end. The arm 191 carries
an adjustable pin member 192 which is threaded-
ly connected to the upright arm 191 and is
adapted to be locked in adjusted position by a
set serew 192¢. This pin member is engaged by
the article to be abraded such as the lens blank
{83, 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 153 is comprised of a tubular body
{19 having a plug 171 fixedly secured in the for-
ward end thereof by means such as pin (72
(Fig. 6). The plug {11 is formed with a tapered
shank portion 1713 and has a threaded portion 114
about midway thereof and adjacent the end of
the body 110, the threaded portion carrying a
knurled nut {715. A bushing 176 is provided in
the end of the body 118, being held therein by g
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screw {71, -and serves to slidably support  a
plunger rod 178 adjacent one end thereof, the
rod 1738 being slidably disposed near its other end
in a second bushing (78, The inner end of the
rod {78 carries a washer-like piston {88 which
is -adapted to be engaged by one end of a coil
‘spriag 181 which is inserted in the tubular body
{76 between the piston {88 and the plug 171.

An article such as a lens blank 183 which is to
be abraded is adhesively secured to a block (84
by means.of a layer of pitch or other suitable ad-
hesive 185 (Figs. 9 and 10). 'The block 184 is
secured to an adapted 186 as by adjusting screws
181, the adapter {85 being provided with a rear-
wardly extending portion which is adapted to be
fitted snugly over the tapered shank portion 173
of the plug {7! in the spindle 153. The knuried
nut 175 on the threaded portion {74 of plug ITi
is for the purpose of easily removing an adapter
185 from the tapered shank portion 173.

When the spindle is properly seated in the
V-grooves of the jig 188 it is to be understood
that the distance between the end of the contact
member 158, when the micrometer adjusting de-
vice 157 is set at zero, and the abrading surface
of the tool is known. Therefore, by adjusting the
adjustable pin member 192 the distance between
the pin member 182 and the jig arm 190 can be
made to exactly correspond to the distance be-

tween the contact member 169 and the abrading -

surface of the tool. After locking the pin mem-
ber 192 by set screw 192¢ the spindle {53 carry-
ing the lens blank 183 .is located in the V-grooves
of the jig 188 with the surface to be abraded of
the blank {83 in abutment with the end of the
adjusting pin member 192. With the spindle in
this position the spring 181 will tend to force the
piston 188 and plunger rod 178 -outwardly of the
body {710 in a direction toward the jig arm 130
and into abutment therewith. A set screw 182
inserted through the body 170 and ‘bushing 179
may then be manually turned by its upper portion
into engagement with the plunger rod 118 to re-
tain the rod in its set position.

In positioning an article to be abraded such
as the lens blank 183 in abrading position in the
machine, the blank is attached as described to
the spindle and the spindle gauged in the jig
188. The properly gauged spindle with the lens
blank {83 attached is then inserted in the
V-grooves {52 of the démagnetized chuck {45
with the end of the plunger rod i71§ in abutment
against the end of the friction pin 169 of the
micrometer adjusbing device 157 which device
has been previously set at zero on the markings
167 and 168. With the spindle in this position
the operating lever 154 can be turned to the “on”
position causing the chuck to attract the spindle
thereto with sufficient force to prevent the spindie
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 152 when the knob (64 is manually
turned. The inward movement of the operating
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member 83 upon turning of the knob 164 will,
through the pilunger 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 scale markings 167
and {58, and controls the amount of material io
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. o

In setting up and operating a surfacing ma-
chine of the preferred type, a tool {49 of the de-
sired size is first attached to the rotor drive shaft
39 by means of a threaded bolt {83 and washer
{84 (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 18i from its
position covering the pivet stud 95 and inserting

‘the gauge 198 illustrated in Fig, 12. The gauge

185 is formed with a dise-shaped bedy portion
{98 having pin members depending therefrom, a
main pin member 197 being centrally disposed
with respect to the undersurface of the body por-
tion {99 and being of such size and shape as to
reside snugly within the vertical opening 188 in
the pivot stud 85. One or more suppiementary
gligning pins 198 also depending from the under-
side of the body portion {85 are adapted to be
(not
Shown} in the pivot stud 85 to position the gauge
in such & manner that an upright (9¢ supported
upon the upper surface of the body portion {96
will be engaged by the abrading portion of the
tool 148, as shown in dotted outline in Fig, '3,
By turning the adjusting screw (32, the motor
{87 and tool {48 may be moved longitudinally
until the tool is in desired contact with the gauge
upright i98.

The same gauge 195 may be used to align the
tool 140 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 édge of the upright
199, as shown in Fig. 13. To horizontally align
the tool with the edge of the upright 199, the
shaft 122 may be rotated to cause the motor
support 121 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 140 should be ad-
Jjusted so as to be coaxial with the axis of the
pivot stud 95 (Figs. 9 and 10). The longitudi-
nal adjustment therefor provides means for com-
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 140 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 195 may be removed
and the cap member i0f replaced.

The abrading tool {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 21 to cause the supporting
plate 9 to be slidably moved on the bed i§ to
an extent as indicated by the scales 38 and 21.
Por example, if a six diopter curve is to be gen-
erated on the surface of an article such as a
lens blank 183, the supporting plate 19 will be

78 slidably moved on bed {6 to a position where the
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$cales 30 and 3i will indicate that a curve of six
diopters will be generated. Then the handle 81
may be operated to slidably move the base mem-
ber 85 and the parts of the head mechanism
mounted thereon longitudinally of the table 71
on the tracks 86 and 87 to a position where the
seales 92 and 92 will render an indication simi-
lar to the scales 36 and 3i. This latter adjust-
ment is a compensating adjustment which
initially enables the tool to be adjusted in 2
direction away from the work an amount suffi-
cient to permit the scale settings to be made
on the scales 38 and 31.. The tool may then be
moved toward the work and to its final desired
position as determined by the scales-92 and" 82.

It is particularly pointed out -that -the -curve.
which is generated will be of the concave or:
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negative form and the radius of curvature is. -

dependent upon the distance at which the cut-
ting edge of the tool 140 is adjusted with respect
to the longitudinal axis of the pivot post 32.
This arrangement, therefore, provides for vari-
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 fool 14§ 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 {19
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 184, the clamp 110 is tightened and
the knob 118 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 i83 is to be a single spherical
type curve, the tool 140 is angled so as to gen-
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blank whieh 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-
eal 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 188 as described so that the particular
thickness of the lens blank 183 to be surfaced
may be accommodated. It will be understood
that in inserting the spindle 153 in the chuck
145, the rod 178 will be placed in abutment with
the contact member 169, the micrometer adjust-
ment having been previously set at zero. . At this
time current may be applied to magnetize the
chuck i45 so that the spindle 153 will be sécurely
held in the Vv-groove 152 thereof. The amount
of material to be removed from the lens blank
may be then controlled by operation of the
micrometer adjusting device 157 to cause the
operating member 163 and contact member 169
to urge the spindle 153 toward the surfacing tool
{40, the amount of material to be removed being
determined by the micrometer markings 167 and
{68. It is to be understood that the initial thick-
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riess of the blank has been deterthined 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 140 is swung in 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
cam locking device 12 pivotally connected to the
supporting plate 19 and adapted to frictionally
engage the edge of the base plate 33.
- After adjusting the micrometer deviceé 157 and
releasing the locking device 12 the tool 140 may
then. be fed transversely of the article or blank
{85 by means of the gravital pull of the weight
48 carried by the cord 49 which is secured to the
hase plate 33, the dashpot dampening device 56
veing adjusted to regulate the rate of swing of
the plate 23 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 -
140 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 201 disposed in the machine
base 15 by means of a pump 202, the pump 202
being of any conventional type adapted to force
liguid from the tank 201 through a pipe line (not
shown) to the conduit 203 (Fig. 2) where it will
be expelled onto the tool and article. The tool
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
286 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 201 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 Fie. 8 by the numeral 210.

and includes a motor 2t which is adapted to set
up. a suction to draw the mist from the interior
of the housing 204 into the conduit 2il and to.
expel it into.the lubricant in the tank 201.

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
hut. 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: abrading tool with respect to the article to be
abraded, and means for magnetically holding an.
article. to, be surfaced in abrading position in the
magchine.

Although a. variable field type magnetic chuck
t45 has been disclosed herein as a preferred type
of chuck any other known type of magnetic or
mechanical chuck may be employed as, for ex-
ample, 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
cuf. in the annexed claims, it will be understood
that various omissions, substitutions and changes
in the forms and details of the deviee 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 comgrising a hase hav-
ing a work supporting head fixedly secured ad-
jacent one end thereof and having a slideway
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
member for movement about an axis disposed
normally to the direction in which said slide
member is movable and having a second slide-
way thereen, a second slide member mounted on
said second slideway movable toward and away
from said axis and having a ool supporting head
pivetally attached thereto for movement. akout a
second axis disposed substantially parallel to.said
first axis, a cupped type abrading tool having its
effective abrading surface in the form of an are
with its center ccaxial with said second axis
wherehy 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 adjustment means carried
by said work supporting head for moving an
article to be abraded into aligsnment with the
effective abrading portion of the tosl and for
controlling the depth of the abrading action of
the tool on the article, whereky the ool may be
swung aboutb 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 the shape of the resulting
abraded surface on said article to have a curva-
fure in one meridian thereof controlled by the
adjusted angle of the tool about the second axis
and in the major meridian thereof controlled by
the arc of swing of the tool about said first axis.
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% A surfacing machine comprising 2 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 work pivot means on said slide
member, a rotatable supporting member hav-
ing a second slideway thereon and being piv-
otally connected to said pivot means, a secale

-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
member mounted on said second slideway and
having a tool supporting head pivotally connected
thereto, an abrading tool rotatably supported by
said tool supporting head and heing adjustable
toward and away from said work by adjusting
the slide. membpers. 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 contrelled by adjust- *
ment of the tool relative to the axis of said frst
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 seale 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 mesns
for retaining a work holder on a work supporting
head and for supporting an article to be carried
by said work holder to be abraded by an abrading
tool supported im 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 ifs 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 2z
determinable distance when the contact member
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
artiele fo 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 trans-
versely of the work along a meridian substan-
tially normal to the angling of the %oal, 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 V-
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 chueck,
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-
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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 1ntersect1ng 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-
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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 adavted 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 yiéldably 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 &
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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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 he re-

-moved from the work by said tra,nsverse motion

of the tool. .

11. A surface abrading machme of the char-
acter described comprising holding means for
supporting work having a surface to be abraded,
a Trotatable tool having an abradmg surface
thereon, and adjustable means for supporting the
tool with its surface in abrading relation. w1th
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. pivet 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 pivet 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 mov-
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 wor k
holder, locking means for retaining said contac
portion in adjusted relation, and a.djustable
means having an-engagement portion for engag-

ing said contact. portion and moving the work

Kolder 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
seab.

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
irom 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 wark 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 ih 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 controlied abrad-
ing relation with the work, .said supporting means
ineluding 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
o 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
main support toward the abrading tool to con-
trol the amount of material removable 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 betwesn said contact means and the work
holding means, feed means having an engagement
portion for engaging said contact means of the
spindle so as to permit operation of the feed
means to move the spindle and work ecarried
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 amounts of material to be removed from
the work under control of the feed means.

16. In a. surface abrading device of the char-
acter described, the combination of an abrading
tool, a support having a seat therein, and a re-
movable spindle positionable in sald seat, said
spindle having holding means adjacent one end
for supporting work having a surface to be abrad-
ed, and having movable contact means adjacent

- its opposed end, spring means for urging said
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3 contact means in a direction away from the work

holding means, and locking means for maintain-
ing said movable contact means in adjusted re-
lation, feed means having an engagement por-
tion for engaging.said contact means of the spin-
dle so as to permit operation of the feed means
to move the spindle and work earried thereby into
effective abrading relation with the abrading toot,
and gauge means for indicating a standard of
distance between the initial position of the en-
gagement. portion of the feed means and the
abrading tool whereby the distance between the
contact means 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.

WILLIAM A. GUNNING.
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