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To all whom it may concern:

Be it known that I, Evcine W. Larsng,
a citizen of the United States, residing at
Fresno, in the county of Fresno and State
of California, have invented new and use-
ful Improvements in the Art of Forming
Curved Surfaces, of which the following is
a specification, )

My present invention relates to improve-
ments in the art of grinding lenses or form-
ing curved surfaces. '

According to the present invention, the
practice of grinding curved surfaces, such
as those possessed by lenses, by the use of
grinding stones having surfaces conform-
ing in curvatures to those of the surfaces to
be ground, and the attendant éxpense, ex-
penditure of time, and inaccuracies in the
ground surfaces due to wear and change in
curvature of the grinding stone, are dis-
pensed with and, instead, the curves, whether
simple or compound, or of a constant or
varying degree of curvature are developed
or generated by positioning the working or
cutting tool relatively to the work, accord-
ingto the configuration the surface is to
have at each point in its area, the position-
ing of the working or cutting tool being
effected by the aid of one or more appro-
priately selected and positioned pattern sur-
faces.

The accompanying drawings show. one
form of apparatus adapted to be used in
carrying the invention into practice.

In the drawings:—

TFigure 1 is a side elevation of the ma-
chine.

Tig. 2 is'a top plan view thereof.

Tig. 3 represents an end elevation of the

‘right-hand end of the machine as shown

in Figs. 1 and 2.

Fig. 4 represents a transverse section on
the line 4—4 of Tig. 1 looking toward the
right. ‘

Fig. 5 represents a transverse section on
the line 5—>5-of Fig. 2, looking toward the
right. : L

Figs. 6 and 7 are detail views, partly in
section, showing the reversing mechanism
for the machine. _

Figs. 8 and 9 show, in elevation and top
plan, respectively, a tool and pattern for ap-
proximately forming the surfaces upon the
work. - . o :

Figs. 10 and 11 are detail views showing,
respectively, a spherical and a ball point

adapted to be used upon the pattern sus-
faces,

Fig. 12 shows a plane cylinder surface
adapted to be used as a pattern.

Figs. 13 and 14 ave diagrammatic views of
a surface having a compound curve or cur-
vatures of different degrees on its primary
and secondary axes, respectively.

Fig. 15 is a diagrammatic view showing
the variation in the degree of curvature of a
surface, having varying radii in a direc-
tion from its center toward its periphery,
such, for example, as that suitable for use
on any anastigmatic lens.

Similar parts are designated by the same
reference characters in the several views.

The present invention is applicable gen-

‘erally to the development or generation of

curved surfaces, such as those employed
on lenses for eyeglasses or other purposes,
and for forming curved surfaces upon other
objects where such surfaces are desired or
necessary. One form of apparatus is shown
in the accompanying drawings which may
be used advantageously in carrying the in-
vention into practice, but it is to be under-
stood that the invention is not restricted
to the particular apparatus shown, as any
equivalent apparatus may.be used, if de-
sired, within the scope of the claims.

The apparatus shown is particularly
adapted to the grinding of lenses, the pres-
ent embodiment” being capable of grinding
either concave or convex surfaces in the
form of a simple sphere, a plane cylinder, a
sphere having varying radii in a direction
from its center toward its periphery, a cyl-
inder having varying radii, a sphere having
different radii on different meridians there-
of, and a sphere the radius of which varies
in a direction from its center toward 'its
periphery and having different radii on
different meridians thereof, the present in-
vention facilitating the production of such
surfaces having any desired degree of cur-
vature. The apparatus shown in the draw-
ings will be described as applied to the
grinding of these different types of lenses.

As shown, the apparatus embodies a bed 1
which, preferably, is in the general form of
a lathe bed, it having a gib 2 at the top on
which the different- relatively movable ele-
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ments of the machine are supported and

guided. A head stock 3 is slidably mouanted
on the gib.at one end of the machine, a slide
rest 4 is movably mounted on the gib at an
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intermediate point in the length of the bed,
and a tail stock 5 is movably mounted and
guided on the gib toward the opposite end

* of the machine. A main driving shaft 6 is
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. the slide being preferably guided on and se-.
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mounted in bearings 7 forming part of the
base or bed, this main shaft being driven by
a belt pulley or equivalent power transmit-
ting means 8, and a spindle 9 is journaled
in the head stock 3, the spindle and the main
driving shaft 6 being caused to revolve at
equal speeds by the equal diameter gears 10
and 11 fixed to the main driving shaft 6 and
the spindle, respectively. The spindle is
adapted to receive a work-holding chuck 12,
that shown having jaws 13 adapted to grip
the work @, such, ’(ior example, as a piece of
glass to form the lens, or a body of metal, if
metal is to be worked, and means is provided
for maintaining a predetermined relation
between the meridians of the work # and the

spindle. As shown, the spindle is provided -

with a pin 14 which is arranged diametri-
cally therein, and the chuck is formed with

recesses 15 .to receive the pin 14, the pin 14

representing, for example, the primary me-
ridian of the work, and a diameter perpen-
dicular to the pin 14 will represent the sec-
ondary meridian. While the chuck is defi-
nitely positioned as stated with relation to
the meridians of the spindle, the chuck it-
self is preferably of a type which is capable
of being easily manipulated to firmly grip
or to release the work as may be necessary.

The slide rest 4 extends transversely of
the bed and has a slide 16 mounted thereon,

cured to the slide rest by a gib 17, as shown.
The feed of the slide 16 in a direction trans-
versely of the machine is effected preferably

by a feed screw 18 which is appropriately:

journaled in the slide rest 4 and has a thread
connection: with the slide 16, the rear end

_ of the feed screw having a worm wheel 19

45
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fixed thereon by means of which the feed
screw is rotated. The transversely movable
slide 16 carries a motion transfer bar or
member 20 which is'slidable in the slide 16
in a direction longitudinally of the machine
or in a direction transversely of the direc-
tion of movement of the slide 16. This
transfer bar is-provided at one end with a

* tracer which may be in the form of a point

55

80

21 (Fig. 2) or in the form of a spherical
head 22, as shown in Fig. 10, or it may be a
ball point 23, as shown 1n Fig. 11, where the
work is to be polished or the material is re-
moved from the work at a relatively slow
rate, or, where a roughing cut is to be made
to remove a considerable amount of material
from the work to approximately form the
curve, a relatively broad point 24 is prefer-
ably used, as shown in Figs. 8 and 9. The
opposite end of the transfer bar or member
20 carries a suitable tool to operate upon the

- work. . Ordinarily, a grinding tool is used,

1,286,082

such & tool being shown in Figs. 1, 2 and 4,
it comprising a grinding wheel 25 of suit-
able material, such, for example, as corun-
dum or carborundum having a convexed
working periphery, the wheel being fixed to
a spindle 26 connected to a flexible shaft 27
whereby the grinding wheel may be re-
volved at a suitable speed from an appro-
priate source of power. The spindle 26 car-
rying the grinding wheel is journaled in a
bearing 28, which bearing is fixed by a
bracket 29 to the respective end of the trans-
fer bar or member 20. '

The tail stock 5 carries a mounting 30
adapted to position and support curve pat-
terns, one pattern serving to generate spheri-
cal surfaces, and the other pattern to gen-

~erate cylindrical surfaces, the two patterns

working conjointly to generate a compound
surface, that is, one having different curva-
tures on different meridians. As shown, the
mounting 30 has a head 31 arranged to re-
movably or interchangeably receive any one
of a number of curve-determining patterns
32, that shown in Fig. 2 being a concave
cylinder or a concave curved surface having
varying radii on different meridians thereof.
In developing and grinding the surfaces of
lenses, having varying radii from their cen-
ters toward their peripheries, the curve pat-

tern applied to the member 81 has a curve:

the radius of which varies on different merid-
ians thereof and it receives a rotary motion
which, as will hereinafter appear, brings
meridians of different curvatures of the pat-
tern into operative position and thereby
varies the degree of curvature of the lens
surface in a direction from the center and
toward its periphery. For this purpose, a
rotary pattern holder 83 is provided on the
member 31 of the mounting, and the pat-
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tern 382 is fixed to this rotary holder. A -

set-screw 34 or equivalent device is adapted
to engage in a circumferential groove 312 in
an axial extension 31° of the pattern holder
33 to retain the pattern in proper axial po-
sition on the mounting 30, although permit-
ting rotation of the pattern holder relatively
to such mounting. Rotation of the pattern
holder 33 when such motion is used occurs
in predetermined relation to the transverse
feed of the slide 16, the slide 16 moving the
working tool from the center and toward the
periphery of the lens under process of mak-
ing, and during this motion of the slide 16,
the pattern holder 33 is rotated to vary the
degree of curvature of the lens surface. In
the construction shown, the rotatable pat-
tern holder 33 is provided with an operating
arm 35 which is fixed to the periphiery of the
pattern holder and coGperates with an op-
erating pin 36. This operating pin is con-
nected to a cross-head mémber 87 which is
slidable vertically in a guide 38, the latter

being formed as part of a bracket 89, which

110

115

120

125

180




10

15

20

25

30

35

40

45

50

55

60.

66

1,286,082

latter is fixed, at 40, to the base or bed of
the machine. A rigid arm 41 is fixed to the
slide 16 and is movable therewith in a direc-
tion transversely of the machine. This arm
41 is formed with a slotted sector 42 to which
a slotted link 43 is attached by a clamp screw
44. The slotted link 43 is shown in Figs. 3
and 5 as parallel with the plane of motion of
the slide 16, and, in consequence, no rotation
of the pattern holder 33 will occur. How-

ever, by clamping the slotted link 43 at dif-.

ferent points on the sector 42, it will be po-
sitioned at varying angles to the plane of
motion of the slide 16 and, in consequence,
reciprocation of-the slide 16 will cause the
angularly positioned link 48 to operate upon

the pin 36, causing rotation of the pattern’

holder 33 in synchronism with the feed mo-
tion of the slide 16 and to a degree propor-
tional to the extent of feed motion of the
slide 16. '

The mounting 30 on the tail stock also
supports a rotatable pattern holder 45 which
is mounted against the head 46 of the mount-
ing, and this holder 45 is adapted to receive
any one of a number of spherical patterns
47. Rotation_of the pattern holder 45 is
effected where anastigmatic cylindrical sur-
faces or surfaces the radii of which vary on
different meridians are to be produced, and,
in such cases, owing to the curvature of such
a surface varying on different meridians of
the lens, it is necessary that this rotation of
the pattern holder 45 should occur in syn-
chronism with the rotation of the object or
work ». The means shown for oscillating

_the pattern holder 45 comprises an arm 48

which is fixed to the rotatable pattern holder

‘and is connected to a vertically movable

plunger 49 which is guided in a suitable

bearing 50 on the main frame of the ma--

chine, the lower end of the plunger having
an arm 51 fixed thereon and carrying a
roller or projection 52 adapted to ride upon
a pair of oppositely inclined tracks 53 and
54. These tracks are connected at their ad-

- jacent ends by a pivot 55, and they rest at

opposite sides of the pivot upon knife edges
or fulerums 56 and 57 formed on a slide 58,
this slide béing. reciprocable along a hori-
zontal guide 59. The vertical position of
the pivot 55 determines the degree of in-
clination .of the tracks 58 and 54 and conse-
quently the extent of the vertical strokes of
the plunger 49.  In order to vary the ex-
tent of reciprocation of the plunger 49, the
pivot 55 is connected to an adjustable screw
60 secured to the slide 58. ‘ .

- The pattern 47 is used to determine the
curvature of a cylinder lens, or to determine
the curvature on the secondary meridian of
a lens whose curvature varies on different
meridians thereof. This requires mechanism
cobperative ‘with the. pattern 47 which will
operate in-.synchronism -or preédetermined

timed relation with the rotation of the object
or work = in order that the curvature of the
pattern 47 will determine the curvature of the

. object or work on one meridian but will have

no effect upon the curvature of the surface
on the other meridian at a right angle there-
to. As shown, the mechanism which co-
operates with the pattern 47 comprises a
tracer 61 embodying, preferably, a ball cen-
ter pin, such as that shown in Fig. 11, to
roll upon the surface of the pattern 47, and
this tracer is carried by a cross-head or slide
62 which is guided to reciprocate horizon-
tally on a guide 63, the latter being rigidly
supported by the bracket 64 on the base of
the machine. As the plunger 49, as previ-
ously stated, reciprocates in predetermined
timed relation to the rotation of the object
or work, and as the tracer 61 also operates
relatively to the pattern 47 in predetermined
timed relation to the rotation of the object
or work, it is convenient to operate the plun-
ger 49 from the reciprocating cross-head or
slide 62. As shown in the present instance,
an arm 65 is fixed to the cross-head or slide
62, its upper end carrying a pin or projec-
tion 66, and a lever 67 is fulcrumed on g pin
68 fixed to the bed or stationary base of the
machine, the upper end of this lever being
slotted, at 69, to receive the pin 66, and the
lower end of this lever is slotted, at 70, to re-
ceive the pivot pin 55 connecting the inclined
tracks 53 and 54. Reciprocation of the slide
or cross-head 62 will cause oscillation or
rocking of the lever 67 about its pivot or
fulecrum 68, the to-and-fro swing of the
lower end of this lever causing reciprocation
of the slide 58 during which the roller or
projection 52 will ride alternately upon the
tracks 53 and 54. Owing to the reverse in-
clination of these tracks, the plunger 49 will,
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in consequénce, be reciprocated. It is to be °

observed, however, that the plunger 49 will

. reciprocate twice for each complete recipro-

cation of the cross-head or slide -62, for a

-purpose to be hereinafter explained.

Suitable .mechanism is provided for re-
versibly operating the feed screw 18 for

110

the feed slide 16, and for reciprocating -

the cross-head or slide 62 and operating
its connected mechanisms. The mechanism
shown comprises a secondary shaft 71
mounted in suitable bearings 72 on the

base or bed of the machine, this shaft hav--
- ing a worm 78 codperative with the worm

wheel 19. on the feed screw 18. The second-
ary shaft 71 also carries a bevel pinion 74
which coGperates with a bevel gear 75, the
bevel gear 75 being double the diameter of
its driving pinion 74, for a purpose that will
hereinafter appear. The bevel gear 75 is
fixed to a vertical feed screw 76, this feed
screw being threaded in a slide 77 which
moves vertically on a guide 78 and catries a
swiveled fulerum or pivot member 79. ‘A
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countershaft 80 is also provided, it being
connected to the secondary shaft 71 by the
gears 81 and 82 of equal diameters to secure
equal speed of the countershaft 50 and the
secondary shaft 71, and the -countershaft
80 has a cam 83 fixed thereon which has sub-
stantially the outline shown in Fig. 3. A
cross-head or slide 84 is mounted to recipro-

- cate on the guide 59, and it has a projection

85 which coGperates with the periphery of
the cam 83, causing reciprocation of the
cross-head 84 corresponding to the variations
in the form of the cam.” A lever 86 is opera-
tively connected at its lower end to the cross-
head 84, and the upper end of this lever
is operatively connected by the pin 87 to an
arm 88, which latter is rigid with the cross-
head or slide 62. The swiveled fulerum or
pivot member 79 on the vertically movable
slide 77 cobperates with an intermediate por-
tion of the lever 86, variation of the vertical
position of the fulerum or pivot member 79

by rotation of the screw 76 causing a corre-

-80

. 35

40

sponding variation in the degree of recipro-
cation of the cross-head or slide 62.
The direction of rotation of the secondary

‘shaft 71 and all the mechanism driven there-

from, which includes the entire mechanism,
excepting the main driving shaft 6 and the
work spindle 9, is periodically reversed.
Means is provided in the machine shown
for automatically reversing this secondary
shaft at appropriate intervals. As shown,
a pair of equal size and reversely arranged
bevel gears 89 and 90 -are. mounted on the
main driving shaft 6, the gear 89 being fixed
to the shaft 6, and the gear 90 being loosely
mounted thereon. An idler bevel gear 91 co-
operates with the gears 89 and 90, this gear
being supported by a shaft mounted in a sta-

- tionary bracket 92. From this arrangement,

‘48

. driving shaft

the gear 90 will revolve loosely on the main

8, but in a reverse direction to
the rotation of the main driving shaft 6.
The secondary shaft 71 carries a pair of

.. clutch pins 98 and. 94 which are rotatable

with this shaft and are guided to slide

- axially thereon. The pin 93 is adapted to

50
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enter a notch or recess 95 in the gear 90,

while the pin 94 is adapted to enter a notch
or recess 96 formed in the end of the main
driving shaft 6, the engagement of these
pins with the respective notches or recesses,
hewever, being alternate, that is to say,
while one pin is in engagement with its re-
spective notch or recess, the other pin is in
disengaged relation to its notch or recess.
To effect such an operation of the . clutch
pins, they are preferably comnected opera-

tively to the opposite ends of a lever 97, the.

latter being pivoted by the pin 98 to the
secondary shaft 71, while the opposite ends
of this lever codperate with studs 99 and

100 which project from the clutch pins 93

and 94, respectively. Obviously, rocking of

1,286,038

the lever 97 about its center will cause re-
ciprocation of the clutch pins in reverse di-

rections, causing one of them to engage its -

notch or recess the moment the other pin dis-
engages from its notch or recess. To enable
the lever 97 to be rocked to reverse the di-

rection of rotation of the secondary shaft

71 during the operation of the machine, a
clutch - shifting collar 101 is mounted to
slide longitudinally on the secondarv shaft
71, and it is connected to the lever 97 or to
the clutch pin 94 by an extension 102. The
clutch-shifting - collar -receives the fork 108

-of a lever 104, the latter being fulecrumed, at
1105, on the slide rest 4. A spring ‘106 is

attached to the transversely movable slide

70
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16, and by the movement of this slide is car-

ried alternately to opposite sides of the piv-

_otal center 105, the spring 106 acting on the

lever 104 to shift the reversing clutch in-one
direction or another, according to the posi-
tion it occupies relatively to the pivotal cen-
ter 105. In order to cause shifting of the
clutch quickly -and at the correct moment,
the clutch-shifting lever is provided with a
pin 107 arranged to cobperate with the
flange 108 of a rail 109 attached to the
transversely movable slide 16, the pin 107
cobperatin
reversal of the clutch until the slide 16 has:

with the flange 108 to prevent .

85
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moved to an extent which will carry the -

flange 108 of the rail clear of the pin 107,
whereupon the spring 106 will be permitted
to act, causing shifting of the clutch and
consequent reversal in the direction of. ro-
tation of the secondary shaft. Rotation of
the secondary shaft in a reverse direction
causes the feed screw 18 to reverse the di-
rection of travel of the feed slide 16, the
pin 107 on the clutch-shifting lever 103 re-
engaging with the retaining flange 108 and
preventing reversal of the clutch until the
feed slide 16 has reached a predetermined
point in its reverse travel. The range of
feed of the slide 16 is controlled by apply-
ing rails 109 having retaining flanges 108 of
appropriate lengths, = S

In making a rough cut to approximate
the desired curved surface of a lens, or in’
operating upon metal, a curved pattern 110
(Figs. 8 and 9) may be applied to the bear-

-ing member 81 with its stud 111 secured by

the set-screw 34, The curve pattern- 110
and the tracer 24 then present a line contact
which is able to sustain the thrust of the
tool against the work with a' minimum wear
of the parts. In making a finishing cut, a
concave or convex spherical pattern or a
cylinder pattern, such as shown in Fig. 12,
may be applied to the bearing member 31.
Means is provided in the present instance
for automatically feeding the work to the
tool as the grinding operation proceeds. In
the present instance, the head stock 8 carry-
ing the work-supporting spindle 9 is ad-
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vanced along the gibbed bed in a direction
toward the slide 16 by a feed screw 112
which is supported in suitable bearings 113
on the bed and is threaded in the extension
114 connected to the head stock. This feed
screw is provided with a hand-wheel 115 at
the exterior of the bed whereby the head
stock may be positioned by manual adjust-
ment of the feed screw, preparatory to the
commencement of the grinding operation,
and thereafter the feed of the work to the
tool is effected automatically by a ratchet
116 on the feed serew which 1s engaged and
rotated step-by-step by a pawl 117. The
pawl 117 is pivoted to the slide rest 4, at
118, and its upper end has a slot connection
with a projection 119 on the clutch-shifting
lever 104 whereby each reversal in the posi-
tion of the clutch-shifting lever will effect
a stroke of the pawl 117 whereby - the
ratchet 116 is advanced a tooth.

The operation of grinding or forming a
curved surface by the aid of a machine con-
structed as shown in the accompanying
drawings may be briefly described as fol-
lows: '

The lens blank or other piece of work
@ which is to receive the desired curved
surface is fixed in the chuck 12. Power is
applied to the machine through the medium
of the driving wheel 8, causing the main
driving shaft 6 and the work spindle 9
to revolve continuously and at the same
speed. The grinding or operating tool 25
initially occupies a position with its operat-
ing surface in alinement with the axis of
rotation of the blank or piece of work .
The work is brought up to the operating
tool by turning the wheel 115 attached to
the feed screw 112.

The operation of the machine will be
described with reference to the grinding of
lenses, and it will be understood from this
description how similiar curved- surfaces
may be formed on other objects.

In order to produe a spherical surface on
the lens blank @, a pattern is-applied to the
bearing 31 having an appropriate curve, the
pattern having a convex surface, if a con-
cave curved surface is to be formed on the
lens blank «, and the pattern having a con-
cave surface, if a convex spherical surface
istobe formed on the lens blank z. For ex-
ample, in order to cut or grind a convex
sphere of -+10 diopters, a concave .curve
pattern having different radii on different
meridians, such as that shown in Fig. 14, is
applied to the bearing 31. For instance, a
concave compound curve pattern having a
primary meridian e—a of 7.50 diopters and
a secondary meridian 6—b of 11.25 diopters
may be used, the pattern being so set in the
bearing 81 that its meridian having a curve
of 10 diopters is in a horizontal position or
in a line parallel to thé plane of motion of

theslide 16. The tracer 21 on the transfer bar

~or member 20 is then brought into contact

with the surface of this pattern, it traveling
across the horizontal meridian having a
curve of 10 diopters as the slide 16 moves
transversely. With the operating tool 25 in
codperative relation with the lens blank a,
power is transmitted to the operating tool 25
through the flexible shaft 27, imparting con-
tinuous motion to the tool. As the machine
operates, the motion transmitted to the sec-

8
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75

ondary shaft 71 causes rotation of the feed -

screw 18, moving the slide 16 transversely to
carry the tool from the center of the lens
blank a toward the periphery of the blank,
and, during this movement of the slide 16,
the tracer 21 °of the transfer bar or member
20 moves horizontally across the horizontal
meridian of the curve pattern applied to the
bearing 81, reproducing on the lens blank  a
convex spherical surface having a curve of 10
diopters corresponding 'to the - horizontal
meridian of the pattern. In producing a
surface having the same curvature on every
meridian, the pattern applied to the bearing
31 remains stationary and the tracer 61 is
in operative relative to the pattern 47. The
curvature of the surface produced on the

lens blank will be of a uniform degree from .

the center to the periphery.
In order to produce a spherical surface
the radius of which varies in a direction

. from its center toward its periphery, the

machine may be adjusted as previously de-
scribed but instead of the pattern applied
to the bearing 31 remaining motionless by
setting the slotted member 43 horizontally

or parallel with the direction of motion .

80
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of the slide 16, this slotted link 48 is ad-

justed at an inclination which will impart
rotation to the curve pattern on the bearing
31 as the slide 16 reciprocates, the degree
of rotation of the pattern necessary to se-
cure the desired variation in curvature of
the spherical surface depending upon the
degree of variation between the curvatures
on the primary and secondary meridians of
the curve pattern. This rotation of the curve
pattern causes the tracer 21 of the transfer
bar 20 to follow the line '—" (Fig.14) or
a line which deviates from the meridian
having the power or curvature which would
be reproduced  in making an ordinary
spherical surface. This deviation of the
tracer from the true meridian of the pat-
tern produces in the product a surface, the
curvature of which increases or diminishes
gradually from the center to the periphery

106
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120

of the lens, the variation in curvature ren- -

.dering the lens anastigmatic. In forming

spherical surfaces, such as those just de-
scribed, the tail stock 5 is stationary.

In producing a simple cylindrical surface,
the pattern having a simple cylindrical sur-
face, such as that shown in Fig. 12, is
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applied to the bearing 31. In a pattern
of this character, the primary meridian
has zero curvature, while the secondary
meridian or the meridian perpendicular to
the primary meridian has the maximum
curvature. A pattern is applied to the bear-
ing 46 which has a surface having curva-
tures of different radii on different meridi-
ans thereof, that is, one having a greater
curvature on its secondary meridian than
the curvature on its primary meridian. The

“pattern applied to the bearing 46 is so set

rotatively in said bearing as to bring the
meridian having the desired degree of curva-
ture into a horizontal position or into a po-
sition parallel with the line of reciprocation
of the cross-head or slide 62. In producing
the simple cylindrical surface, the slotted
member 43 is set horizontally or parallel
with the plane of motion of the slide 16, but
the tracer 61 is set in operation, it coiper-
ating with the pattern applied to the bear-
ing-46. The tracer 61 is set into operation
by turning the screw 76 in a direction to
lower the swivel pivot 79, the projection 85
being thus brought into coperation with
the actuating cam 83 and the tracer is ren-
dered inoperative by turning the screw 76
to raise the swivel pivot 79 until the pro-
jection 85 is retracted out of range of the
cam 83. The tracer 61 starts at the center
of the pattern 47 in the bearing 46 and
moves horizontally toward the periphery

- of the pattern, increasing the extent of its
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stroke at each reciprocation due to rotation
of the screw 76 which shifts the pivot 79,
and by the same proportionate amount, the
operating tool 25 moves from the center of
the lens blank 2. As the tracer 61 moves
toward the periphery of the pattern 47, it
allows' the tail stock 5 to recede, together

- with the plane or straight line pattern ap-
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_spring 207,

plied to the bearing 31, the transfer bar 20
carrying the operating tool 25 receding to
the same extent under the influence of the
The tracer 61 always comes to
the center of the pattern 47 as the primary
meridian of the lens blank @ reaches the
horizontal position, and the tracer 61 is al-
ways at the end of its stroke to either side
of the center of the pattern 47 when the
secondary -meridian of the lens blank z is
in a horizontal position. As the tracer 61 is
always at the center of the pattern 47 when
the primary meridian of the lens blank is
presented to the operating tool, this pri-
mary meridian on the lens blank will be
plane or not curved, and as the tracer 61 is
always at the end of its stroke when the sec-
ondary meridian of the lens blank is pre-
sented to the operating tool 25, the surface

. ground upon the lens blank will have a

66

curve equal to the horizontal radius of the
pattern 47. As the lens blank revolves to
present its primary and secondary meridians

1,286,032

alternately to the operating tool while the
tracer 61 1s moving from the center toward
the periphery of the pattern 47, and vice
versa, the curvature of the surface produced
on the lens blank # will vary from a zero
curvature on the primary meridian to the
maximum curvature on the secondary me-
ridian, with the result that the surface pro-
duced on the lens blank will be in the form
of a simple cylinder. During this opera-
tion, the patterns 32 and 47 applied to the
bearings 81 and 46, respectively, are not ro-
tated. '

In order to produce a cylindrical surface
which has a curvature of varying radii in
a direction from its center toward its
periphery, the same or similar patterns re-
ferred to in the preceding example may be

_used, but the tracks 53 and 54 ave set into

operation by setting the screw 60 to adjust
the tracks 53 and 54 at appropriate angles,
these tracks being set horizontally or in
alinement when the pattern 47 is not ro-
tated, as in the preceding instance. This
mechanism causes the pattern 47 to rotate
in synchronism with the strokes of the
tracer 61 to bring the pattern 47 into a posi-
tion where it will present a meridian of
greater curvature to the tracer as the latter
moves from the center toward the periph-
ery of the pattern, the pattern being re-
stored to its initial position upon each re-
turn of the tracer 61 to the center of the
pattern. The degree of votation of the pat-
tern 47 and consequently the degree of in-
crease of curvature in the product is ef-
fected automatically by the increased de-
gree of rotation imparted to the pattern 47
by the tracks 53 and 54, the increase in in-
clination of these tracks being effected auto-
matically by the increased length of the
strokes of the cross-head or slide 62. The
result is that a cylinder surface is produced,
wherein the curvature of the surface on all
meridians, except the one presenting zero
curvature, increases or decreases uniformly
from the center toward the periphery.

In order to produce a toric curve surface,
or one having varying radii on different me-
ridians thereof, a cylindrical pattern or one
having varying radii on different meridians

‘thereof is applied to the bearing 381 it being

set to present a curvature on its horizontal
meridian depending upon the curvature
which the lens is to have on its primary
meridian, and a cylindrical pattern or one
having varying radii on different meridians
thereof is applied to the bearing 46 with its
meridian set to bring into horizontal posi-
tion a curve which will-determine the curva-
ture of the lens on its secondary meridian.
In operating the machine to produce a toric
lens or surfaces of this type, the mecha-
nisms which rotate the patterns 82 and 47
are set inoperative, the tracer 21 following
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the curve of the pattern 32 set horizontally
to produce the curve on the primary merid-

ian of the lens, and the tracer 61 following

the curve of the pattern 47 set horizontally
to produce the curve on the secondary me-
ridian of the lens, and the curves intermedi-
ate between the primary and secondary
meridians,

In order to produce an anastigmatic com-
pound or toric surface, patterns, such as
those just described, may be used, but the
mechanisms which rotate the patterns 32
and 47 are set into operation so as to bring
meridians of the patterns 32 and 47 having
increased or decreased degrees of curvature
into coGperation with the tracers 21 and 61,
respectively, as the generation or develop-
ment of the curves on the surface of the lens
blank proceeds from the center and toward
the periphery of the lens blank, the curva-
ture of the surface of the lens produced in-
creasing or decreasing gradually toward the
periphery of the lens and rendering the lens
anastigmatic.

The present invention provides a method
of and apparatus for surfacing lenses and
other objects which enables a surface of any
desired curvature to be produced by the aid
of one or more patterns operating singly
or in combination to impart to the curved
It obvi-
ates the defects found to exist in surfacing
lenses and other objects according to the
method heretofore used of empfoying a
grinding or surfacing stone individual to
each surface to be ground, such method re-

- quiring a great number of stones, and in-
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volving the expenditure of much time and
labor, and, moreover, such method is objec-
tionable in that the grinding surfaces of the
stones become worn out of true, introducing
inaccuracies into the curvatures produced
therefrom.

I claim as my. invention:—

1. The method of producing curved sur-
faces which comprises relatively rotating a
tool and an object, moving the tool radizﬁly
relatively to the object, relatively position-
ing the tool and object in a direction axially
of the object in accordance with a pattern
surface having curvatures of varying radii

* on its different meridians, and relatively

LT

- 80

- 86

mpoving said pattern surface during the pro-
duction of the curved surface on the object
to cause the production of a curved surface
on the object in accordance with the varia-
tion in radii of the curvatures on the pat-
tern surface. .

2. The method of producing curved sur-
faces which comprises rotating an object,
relatively moving a tool and the object
radially of the latter, guiding the tool in
accordance with a pattern curve having
curvatures of varying radii, and relatively
shifting the pattern curve during the pro-

7

duction of the curve on the object to vary
the degree of curvature of said curve in a
direction from the center toward the periph-
ery thereof, '

3. The method of producing curved sur-
faces -which comprises relatively rotating
and moving radially a tool and an object,
and relatively moving the tool and object
axially in accordance with the surface of a
pattern having curvatures of varying radii
to produce on the object a curved surface
which is a composite of the components of
the curvatures of varying radii on the pat-
tern surface.

4. The method of producing curved sur-
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faces which comprises rotating an object

relatively to a tool, relatively moving the
tool and object radially of the object, and
relatively moving the tool and object in a
direction axially of the object under the
control of a pattern having curvatures of
varying radii, and concurrently moving the
pattern to render active the curvatures of
various radii thereon to determine the axial
movement of the tool relatively to the ob-.
ject, thereby producing on the object a sur-
face having a varying radius of curvature
in a direction from the center toward the
periphery thereof.

5. The method of producing curved sur-
faces which comprises velatively rotating
an object and tool, and moving a pattern
having a curve thereon active to move the
tool axially of the object and in synchro-
nism with the rotation thereof, thereby pro-
ducing on the object a surface the degree of
curvature of which varies on different merid-
ians thereor. '

6. The method of producing curved sur-
faces which comprises relatively rotating an
object and tool, and concurrently moving
the tool axially relatively to the object, and
moving the pattern curve relatively to the
tool in synchronism with the rotation of the
object, thereby producing on the object a
surface the degree of curvature of which
varies on different meridians thereof.

7. The method of -producing curved sur-
faces which comprises relatively rotating an
object and a tool, concurrently moving the
tool axially relatively to the object and a
pattern curve, and simultaneously moving
the tool axially relatively to the object by
a second .pattern curve active in synchro-
nism with the rotation of the object, thereby
producing on the object a compound sur-
face the degree of curvature of which varies
on different meridians thereof. ’

-8. The method of producing curved sur-
faces which comprises simultaneously rotat-
ing an object relatively to a tool, relatively

-moving the tool radially of the object under

the guidance of a pattern surface having
curvatures of different radii on different
meridians thereof, rotating such pattern

86

90

95

100

1056

110

1156

120

126

180



B

surface to render active different meridians
thereof, and concurrently moving the tool
axially relatively to the object in synchro-

' nism with the rotation of the object to pro-
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duce on the object a surface the degree of
curvature of which varies on different merid-
ians thereof and the degree of curvature
of which varies from the center toward the
periphery thereof.

9. The method of producing curved sur-
faces which comprises rotating an object
relatively to a tool, and concurrently mov-
ing the tool both. axially and radially rela-
tively to the rotating object under control
of a plurality of pattern curves to produce
on the object a surface which is the resultant
of the components of the curvatures of the
plurality of pattern surfaces.

10. The method of producing curved sur-
faces which comprises rotating an object
relatively to a tool, and concurrently mov-
ing the tool axially relatively to the object
in accordance with a curved pattern surface

“active in synchronism with the rotation of

the object to produce on the latter a cylinder
or compound curved surface.

11. The method of producing curved sur-
faces which comprises rotating an object

relatively to a tool, and concurrently mov-.
ing the tool axially relatively to the object

under control of a pattern curve active in
synchronism with the rotation of the object,
thereby producing on the object a surface
the curvature of which on one meridian is
determined by the synchronously active sur-
face of the pattern curve.

12. The method of producing a curved
surface having a varying radius in a direc-
tion from its center toward its periphery,
which comprises rotating an object while
acted upon by a tool, and relatively moving
the tool and object axially by causing the
tool to move in accordance with the surface
of a pattern having curvatures of different
radii on different meridians thereof while
such pattern is rotated to bring different
meridians thereof into operation and while
the tool and object relatively move radially.

13. The method of producing 2 compound

curved surface having curvatures of differ-

ent radii on different meridians thereof,

- which comprises rotating an object while
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acted on by a tool, and relatively moving the
tool and object axially in accordance with
the curved surface of a pattern and in
synchronism with the rotation of the object.

14. Apparatus for producing curved sur-
faces comprising in combination, means for
rotating an object, an operating tool there-
for, the tool and object being relatively
movable radially and axially, a curve-pat-
tern having curvatures of different radii on

different meridians thereof, and means for

adjusting the pattern during-the production
of the surface on the object to bring differ-
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ent meridians of the pattern into codpera-
tion with the tool and thereby relatively
position the object and tool in a direction
axially of the object. _ '

15. Apparatus for producing curved sur-
faces comprising, in combination, means for
rotating an object, an operating tool there-
for, the object and tool being relatively
movable in directions parallel and transverse
to the axis of rotation of the object, a curve-
pattern having curvatures of different de-
grees on different meridians thereof, a tool
controlling member engaging the pattern to
cause relative axial movement between the
object and tool during th relative trans-
verse movement between such elements, and
means for shifting the pattern during the
relative transverse movement between the
object and tool to bring different meridians
of the pattern into engagement with the
tool controlling member.

16. Apparatus for producing curved sur-
faces comprising, in combination, means for
rotating an object, an operating tool there-
for, the object and tool being relatively mov-
able in directions parallel and transverse to
the axis of rotation of the object, a curve-
pattern having varying degrees of curva-
ture on different meridians thereof, means
engaging the pattern to cause relative axial
movement between the object and tool dur-
ing the relatively transverse movement be-

“tween such elements, and means operatively

connected to. said object rotating means for
‘adjusting said pattern to bring meridians of
different curvatures into action during the
relatively transverse movement between the
object and tool. '

17. Apparatus for producing curved sur-
faces comprising, in combination, means for

-rotating an object, an operating tool there-

for, the object and tool being relatively mov-
able axially and radially, a curve-pattern, a
tracer engaging the pattern and connected
to the tool, a second tracer, a sécond pattern
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engaging the second tracer, means for op- .

erating the second named tracer on.its pat-
tern in synchronism with the rotation of the
object, and means connected to the tool and
movable by said tracers and their patterns
for relatively moving' the tool and object
axially and thus produce on the object a

surface having varying degrees of curva-

ture on different meridians thereof.
18. Apparatus for producing curved sur-
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faces comprising, in combination, means for

rotating an object, an operating tool there-
for, the object and tool being relatively mov-
able axially, a curve-pattern having varying
degrees of curvatures on different merid-
ians thereof, a tracer engaging the pattern
and having means operatively connecting it
to the tool, means for operating the tracer
on said pattern in synchronism with the ro-
tation of the object, and means for rotating
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the pattern to bring different meridians
thereof into engagement with the tracer.

19. Apparatus for producing curved sur-
faces comprising, in combination, a rotary
work holder, a tool, the work holder and tool
being relatively movable transversely and
axially, a movable pattern, means controlled
by the movement of the pattern and opera-
tively connected to the tool to control the
said relative axial movement, means to con-
trol the movement of the pattern in synchro-
nous relation to the movements of the tool
and work, and means to actuate the work
holder, tool, and pattern..

20. Apparatus for producing curved sur-

faces comprising, in combination, means for
rotating an object, an operating tool, the ob-
ject and tool being relatively movable both
radially and axially, a pattern having curva-
tures of different radii on different meridians
thereof, and a tool controlling member en-
gaging the pattern, the pattern being adjust-
able relatively to the tool controlling member
to bring different meridians of the pattern
into cooperation therewith.

21. Apparatus for producing curved sur-
faces comprising, in combination, means for

_rotating an object, an operating tool to co--
operate with the object, the object and tool

being relatively movable both radially and
axially, a pattern having curvatures of dif-
ferent radii on different meridians thereof, a
tool controlling member engaging the pat-
tern, and means for adjusting the pattern
during rotation of the object and also during
relative radial movement between the object

and tool to bring different meridians of the

2

pattern into codperation with the tool con-
trolling member and thus vary the curva-
ture of the surface produced on the object.
29, Apparatus for producing curved sur-
faces comprising, in combination, means for
rotating an object, an operating tool to co-
operate with the object, the object and tool
being relatively movable both radially and
axially, a pattern, a tool controlling mem-
ber engaging the pattern, and means for ad-
justing the pattern in synchronism with the

. rotation of the object.

23. Apparatus for producing curved sur-
faces comprising, in combination, means for
rotating an object, an operating tool cooper-
ative with the object, the object and tool be-

ing relatively movable both radially and axi- .

ally, a_pattern having curvatures of differ-
ent radii, a tool controlling member engag-
ing the pattern, the pattern being shiftable
relatively to the tool controlling member to
bring different radii of such pattern into en-

gagement therewith, a second pattern, a tool-

controlling member engaging said second
pattern, and means for shifting said second
pattern relatively to its tool controlling

member in synchronism with the rotation of:

the object to control relative axial movement
between the tool and object.
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In testimony whereof I have hereunto set

my hand in presence of
nesses. ~

EUGENE W. LAISNE.

two subscribing wit-

‘Witnesses:
C. V. Lyons,
C. A. TrugrT.



