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7o all whom it may concern:

Be it known that we, Luciax W. Bueees
and Roexrr L. Gornox, citizens of the United
States, residing at Southbridge, in the coun-
ty of Worcester and State of Massachusetts,
have invented certain new and useful Im:
provements in Lens-Grinding Machines, of
which the following is a specification.

This invention relates to lens grinding and
polishing machines and has for its primary
object to provide a machine of this character
which is simple in constructicn and which is

*thoroughly reliable and efficient in operation.

Another object is to provide means where-

by the path of movement of the lens over the

tool is thoroughly broken up thereby pre-

venting the formation of wave surfaces or
other imperfections npon the lenses:

A further object is to provide means
whereby the amount of pressure of the lens
against the tool may be varied, and to so
construct the machine as to permit of & di-
vect pressure of the lens against the tool ir-
respective of the curve thereon. '

Other objects are to provide novel and effi-

clent clutch means for operating the ma--

chine, and to provide means for readily and
easily swinging the lens so as to permit the
same to bear directly against the curve of the
tool. '

With the foregoing and other objects in
view the invention consists in the novel fea-
tures of construction, combination and ar-
rangement of parts as will be hereinafter
more fully described, illustrated in the ac-
companying drawings, and claimed.

In the drawings:

Figure I is a front elevation of the com-
plete machine. o

Figure 1T is' a vertical longitudinal see-
tional view therethrough.

Higure ITT is o horizontal sectional view
through the base portion of the machine.

Figure IV is a vertical sectional view on
the line IV—IV of Figure IT.

Figure V is a graphic view illustrating the
relative path of movement between the lens
and lap during operation of the machine.

Figure VI is a detail perspective view of
the lens block. '

1615, Serial No. 32,5%0.

Figure VII is a side elevation illustrating
tiie movement accomplished hetween the lens
and lap. :
Figure VIIT is a plan view of the struc-

ture :lustrated in Figure VII.
4his invention is for & machine for sur-
facing lenses and i of the type known as a
1ding machine wherein a tool or lap,
known, has theveon the cnrve which
eproduced on the lens, as distin-
m that type of machine wherein
not reproduced from the tool but
ated as its manufacture progresses,
el curvature not depending on the
curvature on the tool. 1In lap grinding the
lens is produced by moving the glass stock
over the lap or tool, or the reverse, in such a
way that the curvature on the lap is repro-
duced on the glass stock, it being understood,
of course, that the curves on the tool and the
lens ave opposite, that is to say, a convex tool
will produce a concave surface lens. A ma-
chine of this invention will perform all of
the operations necessary to surface a finished
lens; that is to say, grinding, fine grinding,
smoothing, polishing, etc. The grinding op-
erations are performed usually by utilizing
metal tools or Japs with abrasives, such as
emery 1n different degrees of fineness, while
the polishing operations ave performe:
ally
.

;
(3

by utilizing o felt ov soft covered tocl
» polishing material, such as rouge. I
the polishing operations the polishing
follows the curvature that has alveady
made on the stock or work., The material of
the polishing tool being soft assumes the
shape of the work when pressed thereon, hut
need not necessarily be of the exact shape of
the worls when out of contact therewith, al-
though it is usually of substantially the
e shape.  Both grinding and polishing
are common and well known in the axt. 1%
will, therefore, be understood that this ma-
chire is not limited to any one of the grind-
ing or polishing operations but will perform
them all from start to finish, it being essen-
tially a machine for manufacturing a com-
plete lens.

Referring to the dr
wherein is Hustroted t
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‘1ndle 3.

ion, 1 designates the base
ch 1s hollow and which is
he socket or bearing portion
n which is mounted the lower end of the
This sp*ndle is vertically ar-
ranged within the base 1, has the upper end
thereof journaled within a bearing in the
cover 4 of the base, and has secured at its

" upper end the member carrying the stud

6, upon which the lap 7 is fixedly mounted,
a slot 8 being formed in the lap for engage-
ment with a pin 9 on the stud 6 to prevent
rotation of the lap relative to the stud and
to provide means whereby other laps may be
r‘eadﬂy and easily applied to the machine.

% hollow shaft 10 is mounted in the side
w(xll of the base 1 and has fixedly secured to
the inper end thereof the pinion 11 for en-
gagement. with the gear 1% on the shaft 3,
Whereby rotation of the shaft 10 ‘vﬂl lmpar £
a rotary movement to the lap 7. A shaft 13
1s longitudinally slidable within the shaft
10 and has fixedly secured to the outer end
thereof the drive pulley 14 provided with
the clutch face 15 for engagement with the
correspondinirly shaped face 16 of the oper-

ating pulley 17 which 1s fixedly secured to,

the outer end of the hollow shait 10.

A yoke 18 is arranged about the shaft 3
for longitudinal shdmn movement and has
waelled thereto, as by means of the collars
19, the inner end of the shaft 18, whereby
this shaft is freely rotatable the;rein, but is
held against longitudinal movement relative
thereto. A rod 20 is rotatably mounted in
the side wall of the base 1 and has the inner
end thereof screw threaded as at 21, for en-
gagement 1In a correspondingly screw
threaded opening in the yoke 18, whereby
rotation of the rod by means of the operat-
ing handle 22 will cause the yoke to be lon-
gltudlnallv moved and the clutch face of the
pulley 14 thus brought into or out of en-
gagement with the clutch face of the pulley
17 thr‘ough ‘the medium of the shaft 13, a
collar 23 being mounted on the rod 20 and
engaging the inner face of the side wall of
the base in order to plevent longitudinal
movement of the rod in either direction.

In order to thoroughly and efficiently lu-
bricate all of the working parts contained
within the base 1, the base is filled with oil
or any other suitable lubricant to a level so
that the flanges 24 of the spool 25 which is
mounted upon the hollow shaft 10 will dip
therein, and it will be understood that when
the said shaft is rotated the flanges 24 will
be caused to take up the oil and throw it to
the various working parts of the machine
contained within the base.

Rising vertically from the rear portion of
the machine is a bracket 26 having formcd
in the front face thereof the channel 27 and
having communicating with the said chan-
nel and extending ‘my suitable distance

1,439,063

throughout the width thereof the slot 28 in
which is slidably meounted the stud 29.

A member 30 is provided with an open-
ing to receive the stud 29 and has formed
on the inner face thereof the extension 31
for engagement with the channel 27 where-
by tilting movement of this member upon
the bracket is effectually prevented. The
laterally extending offset” portion 32 is
formed on the bracket 26 and has suitably
journaled therein against longitudinal move-
ment the gcrew threaded shank 33 provided
with the operating handle 34. This shank
is threaded into an opening in the member
30 so that by turning the handle 34 the said
member 30 will be Jater ally shifted as will be
understood. The upper portion of the mem-
Ler 30 is provided with a siot 35 which is
radially described from the center of the
stud 29 and has operating therein the stud
36 which has the outer end thereof received
within an opening in the depending portion
37 of a frame 38, the lowermost portion of
the depending portion 37 being journaled

upon the cuter end of the stud 29 for piv-
otal movement thereon, as is clear ly illug-

75

80

40

trated in Figure IT of the drawings, the slot- .

ted connectlon between the upper end of the
member 30 and the stud 36 permitting .of
angular adjustment of the frame with re-
spect to the base of the machine, and the
nuts 39 being threaded on the outer end of
the studs 29 and 36 for clamping engage-

ment with the outer face of the portion 37 ‘

for locking the frame in any desired angu-
lar ad]ustment

The frame 38. comprises the U-shaped
arms 40 hzwmg at their outer ends the bear-
ings 41 in which is rotatably mounted the
spmdle 42, a pulley 43 being keyed to the
spindle between the bearmtrs 41 and having
a belt 44 trained thereover, then( eover nrulde
idler pulleys 45 on:the fr ame 38 and hnallJ

over the pulley 17, whereby a rotary motion ,

is imparted thereto.

Slidably mounted for radial adjustment
in the lower end of the spindle 42 is a crank
bracket 46 carrying the pin 47 for engage-
ment in the recess 48 in the lens block 49 for
a purpose which will subgequently appear.

The lens block 49 is provided with a pair
of diametrically oppositely extending arms
50 which are adapted to operate between the
bars 51 which are pivotally mounted at dia-
metrically opposite points upon .the mem-
ber 5.

The upper end of the spindle 42 is pro-
vided with a reduced -extension 52 about

which is arranged a coil spring 53 which -

has the lower end thereof resting against the
shoulder .provided by the reducmor of the
spindle -and normally exerts a tension to
force the spindle downward and thus hold
the lens in engagement with the lap, the
upper end of the spring bearing against a
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member - 54 slidably arranged within the
hf‘me, as is clearly lustrated in Figure I
of the dr'u“mos.

In order to provide means whereby the
amount of pressure of the lens %gmnbt the
lap may be varied, the member 54 is pro-
vided with the hand grip handles 55 which
ave vertically movable within the slots 56
in the upper portmn of the frame 38, and
which are («upteL to be engaged wilh the
different offset recesses 57 n the sides of
the slots to lock the spring in any desired
tension position, suitable guerd

members 53
being axranged upon the handles 55 for en-

<-"1rremenf' with the side of the irame in
seder to pzm/ent the possibility of injury to

thc operaicr of the machine.

From the foregoing description taken in

.onnection with the dccompanvuw drasv-
ings, it 1s thought that the construction of
the machme should be clearly apparent, the
only remeining features to he we@cnaed be-
ing the cup 59 on the lower end of the spin-
dle 49 vhich prevents oil or water or anv
other § (ﬂ'eign subs stance from coming in con-
tact with the face of the lens being ground
and the dish 60 which 1 pon the cover
4 and is provided with the lpw'u'uly and

inwardly extending flange 61 which is ar-
'm(red beneath a ﬁancre 62 on the mem-
her 5 so as to prevent any of the abrasive
material used upon the lens during grind-
ing or polishing thereof from becommo en-
gaged with any of the working parts of the
machine contained within the hase 1

In cperation a lap having the desired
curve of the lens to be Oround is placed
upon the stud 6 and the “lens blank to be
mound or polished 1s secured in suitable
manner to the under face of the moﬂr ”9
The block is placed upon the lsp 7 with
the arms 50 thereof x'mnoed Letween the
pivoted bars 51 Next the frame 38 is lat-
erally shifted any preferr e<T distance by
means of the handle 34, the nuts 39 loosened
and the frame swung to an angle to cause
axis ¢f the spindie 49 to lie in a plane
exacv right angles to the tangent of the
ve of the la 2P at its point of mferse“ ion
cald axiz therew 1th so, therefore, the
ne of the axis 01 the wor,c spmdle wviil
] gzsecu the line of the axis of the tool spin-
Jl'\ substantially at the common center of
cirvatnre of the tool and “work surfaces,
and the spring 53 then tensioned to hold the
leps in fivm -engagement with the lap. MO—
tion is 1m‘)futef1 to Lhn drive pulley 14 from
any suitable SOHI‘CQ of power and by operat-
ing the wheel 22 it il be obvious that the
power will be transmitted through the pul-
leys 17 and 43 to the spindle 42 and through
fbe pinicn 11 to the gear 12 to cause ro-
tation of the lap.

From the assembly of the parts shown and
described it will be seen that the axis of

roatc

L0y

anvy

H2SY

the spindie 42 is offset with vespect the
noint of the lap 7, and that the of
the crank pin 47 1s offset with respect &
the axis of the spindle 42 as shown in i*‘”
ure VIIT. Mow it should be apparent that
rotation of the spindle 42 will cause the
hicek and lens carvied thereby to be moved
n an 01b1m| path about the axis of the
i -, in other words, the blociz
d lens will Be moved bodﬂ" about the

“y‘k i 8 curve ed m!h ecceniric

ig Ov ﬂm 8

, appfu Ont b\' veferenc £o §a 1ovre

i with the bars 5%, rotation of the

IE of the ahm‘mgq Tt wili also he ap-
parent that becanse of the provision of the
arms 50 upon the block 49 and their cn-

einern

bt}

.izp cause the bleck and lens to i )“ ro-
tat - o corresponding rate of gpeed. the
connectiol between the bars 31 at Uﬂ iy
iower ends and the member o} pe"'ﬂuhno of

the lens upon the

In grinding o
nolishing 4)11@:10@1 lenses _'t willy of cours
rle“stooo 16 1s not necessary to prevent

tive rofary movement c« jens and bp
¢ e upparatus for grinding
and polishing such lenses therefore means
ior preventing such relative movement need
not be used.

By reference particularly to Figuve IT
the general driving or actuation of the parts
of our machine should be most clear, and it
will be noted that the lap spindle 8 is driven
through the medium of the Iarge gear 1%

meghi vith the small pinion 11 and con-
sequent l will be operated at a relatively
low rate of spead, while on the other h@nd
the block spindle 42 is driven through the
medium of the belt 44, passqlo arvound the
small puiley on the 01)1nd-v. and the larger
dviving “Jl’.]l!‘)f 17, and conseguently the
spindle will he driven at ?_‘C]J;l‘veljf
11‘0 h rate of speed, being d\'*'-ﬂ at a sorme-
ot more rapid rate than the main drive
from pulley 14, while as uh(} spindle 3
is driven thron gmall pinion and large
gear if wiil : crmswovabm fower
drive 14, there,
,’rera’!‘)l},r a considerable
e in ative gpeeds of the up-

) fmd lower snnl(hes.
the grinding and polishing of various
apparvent that with the
wizated in the accompanying
described jn the foregoing
& of the crank pin
¢as i Instrated in 1“mura

' for sake of Jlustra-

e covered with chalk or
some such ¢ y and the crank pin were
let down onfo the tool instead of heing
placed in contact with the work holder. it
would engrave or mar k on the chalked sur-
face of the tool the diagram or configu-

the CL"E,I“‘LI]' mare P“EQM of
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re V. This movement
polvel' a circular motion of the
hout ite axis, but in addition
to an advancing motion as well. This

¥riotion is a composite one composed of one

motion of the crank pin being carried
around in a circle about the axis of its
spindle and ancther motion brought about
by the rotation of the tool on its spindle.
I is also affected by the relative speeds of
the tool and crank pin spindles, these spin-
dles being operated at different speeds, the
crank pin spindle traveling at the higher
rate of speed, as explained elsewhere here-
in. The position of this configuration on
the lap is affected and regulated by the
Jateral shifting of the crank pin spindle
on -itg hase and by the lateral adjustment
of the crank pin with respect to its spin-
dle, as has been described herein. The ef-
feet of this motion is to give what is known
in the art as a break-up motion, that is to
say, the work as it passes over the tool will
not travel in the same path each time it is
turned around, as is best considered by tak-
ing a single grain of abrasive and watch-
ing its course. If the motion were a plain
circular one the grain would pass around
and arcund in the same circular path,
scratching a deep cut in the lens:
grains would cause concentric rings or
seratches in the lens, but with the advanc-
ing motion just described these concentric
rings do not occur, because the grain does
not follow the first ring or scratch in its
second time around, but follows a new path
on each revolution. This is true of all the
arains; hence the scratched concentric rings
are not formed, but an even, uniform and
unmarred surface is produced on the lens,
and by means of the angular and lateral
shifts of the crank pin spindle, the path of
the confignration on the lap can be altered
and changed at will and all parts of the

5 surface of the lap utilized to prevent wear

in any one particular location, or the lens
may be shifted on the lap to any desired
position to obtain the best surface on the
Tens and' the truest curvature thereof.

The Diagram V illustrates as well the
movertent of a grain of abrasive over the
surface of the work as well as the move-
ment of the crank pin over the tool; hence
it will be seen that the abrasive does not
travel in concentric rings around the work
but that it does travel in an ever changing
path, not returning to its original path for
periods of several revoluticns at least, if at
all, and so seldom as not to score the sur-
face as would be the case in a non-advanc-
ing movement,. '

Trom the foregoing description taken in
connection with the accompanying draw-
ings, 1t-will be seen that a machine has been
provided which may be used in grinding

1,439,083

Several

or polishing spherical. cylindrical and toric
lenses. which may either plano, concave
or convex, and that the parts of the ma-
chine have been so arranged as to positive-
Iy break up the movement between the lens
and lep during the grinding or polishing
cperation, whereby the formation of wave
surfaces or other imperfections upon- the
lenses i¢ effectually prevented. Also that
means have been provided for varying the

tension engagement between the lens and

lap and that the machine as an entirety
is of very simple. reliable and efficient con-
struction.

It is thought that the construction, ad-
vantages and operation of the machine will
be clearly apparent without a further de-
tail deseription, and while we have herein
shown and deseribed one specific form of
our Invention we do not wish to be: limited
thereto except as the claims may import.

We claim:

1. A machine of the character set forth,
comprising a base, a lap mounted thereon, a
frame adjustable laterally on said base,
means whereby the frame may be swung at
an angle with respect to said lap, a spindle
mounted on sald frame for longitudinal
movement, a lens block operatable through
said spindle, a spring exerting- & pressure. to
force the block into engagement with the
lap; means slidable in said frame to adjust
the tension of the spring; means to rotate
said gpindle and said lap, and means engag-
ing the block to rotate it with said lap but
permit its lateral and vertical movement
relative thereto.

2. In a machine of the character described,
a lens grinding or polishing tool, a spindle,
and a lens block operatable by said spindle,
a frame in which said spindle is longitudi-
nally slidable, said frame having a laterally
notched longitudinal slot formed therein, a
member slidable in said frame, a spring ar-
ranged between said member and said
spindle; and means on said member for en-
gagement with said notches to vary the ten-
sion of the spring.

3. A lens grinding- and polishing machine,
including a base or support, a spindle rota-
tably mounted therein, a lap carried by the
spindle, guides carried by the spindle and
projecting adjacent the lap, a lens block
adapted to be mounted on the lap and hav-
ing portions to interlock with the guides, a
tiltable laterally adjustable spindle disposed
above the lap, and a crank arm carried by
the spindle and engaging the block, substan-
tially as and for the purpose described.

4. A 'machine for grinding and polishing
toric lenses, including opposed spindles, a
lap: carried by one of said spindles, a lens
bearing block for engagement with the lap,
interlocking connections on the block and
lap for maintaining the axis of said parts
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parallel to each other, and a crank arm car-
ried by the other of said spindles and engag-
ing the block for imparting a circular move-
ment to the same in addition to the move-
ment imparted by the lap and interlocking
connections.

5. A lens grinding and polishing machine
including a pair of opposed spindles, one of
said spindles being angulariy adjustable
with respect to the other and having an off-
set crank pin.

6. A lens grinding and polishing machine
including a pair of opposed spindles, one of
said spindles being laterally and angularly
adjustable a¢ respects the other, said adjust-
able spindle having an offset crank pin.

7. A machine for grinding and polishing
lenses including opposed spindles, means for
rotating said spindles, a lap carried by one
of said spindles, a lens bearing block for en-
gagement with the lap, a crank arm carried
by the other of said spindles to engage the
lens bearing block and shift it in a circular
path about the axis of the crank spindle
extended ag a center, means for securing the
crank in laterally adjusted position as re-
spects its spindle to vary the size of circle
described by the block, and means for bodily
laterally shifting the crank spindle with re-
spect to the lap to vary the portion of the
lap traversed by the block for a particular
adjustment of the crank arm.

8. A machine of the character described
including driven opposed spindles, lens en-
gaging members comprising a lap for en-
pagement by one of the spindles and g lens
block for cooperation with the lap, means
for holding said parts in sliding engagement
but preventing their relative rotation, means
for angularly adjusting one of the spindles,
aud a crank arm carried by the angularly
adiustable spindle and engaging one of the
lens engaging wmembers for shiding said
member in circles over the other of the lens
engaging members while the parts are held
against relative rotation.

9. A lens grinding and polishing machine
including a frame, a rotatable spindle car-
ried thereby, an axially slidable spindle op-
posged thereto, an angularly adjustable sup-
port for said slidable spindle, means for
holding said slidable spindle against vertical
movement, and a crank carried by the angu-
larly adjustable spindle, substantially as and
for the purpose described.

10.- In a device of the chavacter deseribed,
the combination with a tool and an opposed
glass holder, of pivotal means for adjusting
the relationship between the tool and holder,
said means including a pivot located sub-
stantially in transverse alinement with the
operative face of the tool, substantially as
and for the purpose described.

- 11. A lens grinding and polishing machine
including a base, a bracket rising from the

rear of the base, a spindle journaled in the
base, a second spindle, transversely slidable
connections between the bracket and second
spindle whereby the spindles may be rela-
tively laterally adjusted, a pivot connection
between said bracket and upper spindle dis-
posed slightly above the horizontal plane of
the top of the lower spindle whereby the
upper spindle may be angularly adjusted
with respect to the lower spindle and the
point of intersection of the axis of the upper
spindle with the surface of the grinding
member carried by the lower spindle main-
tained constant and a laterally offset crank
carried by said laterally and angularly ad-
justable upper spindle.

12. Adjusting mechanism for a lens grind-
ing and polishing machine including a spin-
dle casing, a spindle slidably mounted with-
in the casing, a spring for placing the spin-
dle under tension, a collar for engagement
with the spring. and a projection on the
collar, the casing having a plurality of
communicating notches formed therein
adapted to selectively cengage the projec-
tion to variably secure the collar 1n ad-
justed position to control the pressure of the
spring against the sp’ndle.

18. Adjusting mechanism for a lens grind-
ing and polishing machine including a spin-
dle casing, a spindle slidably mounted with-
in the casing, a spring in the casing for
placing the spindle under tension, a collar
m the casing for engagement with the
spriny. and a projection on the collar, the
asing having a slot and a plurality o:
notches formed therein adapted to selec-
tively engage the projection to variably se-
cure the collar in adjusted position te con-
trol the pressure of the spring against the
spindie, and means carried by the spindle
to engage the collar and retain the spindle
in inoperative position npon raising of the
collar.

14. In a lens grinding and polishing ma-
chine, the combiration with a base, of a

supporting bracket rising therefrom, bear-
ings carried by the bracket, a spindle slida-
bly and rotatably journaled in the bearings,
a drive pulley splined on the spindle, means
for rotating said pulley to drive the spindle,
a tubular casing carried by the bracket and
enclosing the upper end of the spindle, said
upper end of the spindle being reduced and
projecting upwardly within the casing,
spring encircling the reduced end of the
spindle, a collar on the spind# above the
spring, a stop carried by the spindle above
the collar, and means for securing the collar
in desired adjusted position within the cas-
ing whereby when the collar is raised its en-
gagement with the stop will lift the spindle
and when compressed it will compress the
spring to resiliently force the spindle down-
ward.
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tinding and polishing ma-
sbination with a spindle cas-
“a spindle slidable in the casing, a
sprine for actuating the spindle, a control
-for the spring slidably mounted within the
casing, said control having a portion for
interlocking engagement with the spindle,
and means for selectively shifting the con-
trol to vary the spring tension or through
said connections to shift the spindle into
inoperative position.

16. In a lens grinding and polishing ma-
chine, the combination with a spindle cas-
ing, a spindle slidable in the casing, a spring
for  actuating the spindle, a control for
the spring, said control having a portion
for interlocking engagement with the spin-
dle, means for selectively shifting the con-
trol to vary the spring temsion or through
said connections to shift the spindle into
inoperative position, and means for selee-
tively securing the control in desired ad-
justed position, said meang including a vack
portion on the casing and projections on
the control for variable engagement with
the rack member.

17. Apparatus for grinding and polishing
curved surfaces, comprising a pair of co-
acting work and tool members one having
a convex and the other a concave surface,
means for imparting a concentric rotary
movement to one of said members, and
means for moving the other of said mem-
bers hodily in a curved path the axis of
gaid moving means intersecting the axis of
rotation of the first said member substan-
tially at the common center of curvature of
the surfaces of the two co-acting members.

18. Apparatus for grinding and polishing
spherically curved surfaces. comprising a
pair of co-acting work and tool members
one having a convex and the other a concave
surface, means for imparting a concentric
rotary movement to cne of said members.
means for moving the other of said mem-
bers bodily in a curved path about an axis
- which Intersects the axis of rotatien of the
first said member substantially at the com-
mon center of curvature of the surfaces of
the two' co-actine members, and means for
pressing the {wo co-acting members togethexr
with a constant force. »

19. Apparatus for grinding and polishing
curved surfaces, comprising a pair of co-
acting work and tool members one having
a convex and the other a concave surface,
and a paig of rotary driving spindles for
actuating said co-acting raembers, said spin-
dles having their axes of rotation mutually
inclined in the same plane and intersecting
at substantially the common center of curva-
ture of the surfaces of the co-acting mem-
bers, one of said co-acting members being
mounted concentrically on its driving spin-
dle, and the other of said members being
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connected to its driving spindle eccentrically
s0-as to be moved thereby bodily in a curved
path on and about the surface of the first-
mentioned member.

20. Apparatus for grinding and polishing
curved surfaces, comprising a pair of co-
acting work and tool members one having
a convex and the other a concave surface,

means for imparting a concentric rotary

movement to one of said members, and
means for moving the other of said members
bodily in an eccentric path on and about
the surface of the first mentioned member,
sald. moving means including a device to
engage and move the said member and be-
ing adjustable to any position in a line
racial to the common center of curvature of
the two coacting members. _

21. Apparatus for grinding and polishing
curved surfaces, comprising a pair of co-
acting work and tool members one having
a convex and the other a concave surface,
a pair of rotary driving spindles for as-
tuating sald coacting members, said spindles
having their axes of rotation mutually in-
clined and intersecting substantially at the
common center of curvature of the surfaces
of the coacting members, one of said mem-
bers being mounted concentrically on its
driving spindle and the other of said mei-
bers being connected to its driving spindle
eccentrically so as to be moved thereby
bodily in a curved path on and about the
surface of the other member, and spindie
driving means whereby the spindle carry-
ing the concentrically mounted cooperating
member is rotated more slowly than the
spindle driving the eccentrically mounted
cooperating member.

22. Apparatus for grinding and polishing
corved - surfaces, comprising a pair of co-
acting members, one having' a convex and
the ether a concave surface, a pair of rotary
driving spindles for actuating said co-act-
ing members, said spindles having their
axes of rotation mutually inclined in the
same plane and intersecting at substantially
the common center of curvature of the sur-
faces of the co-acting members, one member
being mounted concentrically on its driv-
ing spindle, and the other 'member
being connected to its driving spindle eccen-
trically so as to be moved thereby bodily in
a circular path on and about the surface of
the other member, and spindle driving means
whereby the spindles carrying the two mem-
bers are rotated at different rates of speed.

23, Apparatus for grinding and polishing
curved surfaces, comprising a pair of co-
acting tool and work members, one having
a convex surface and the other a concave
surface, means for imparting a concentric
rotary movement to one of-said members,
and moving means for the other of said
members, including an element maintained
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by means independent of the contact be-
tween said members to move at a fixed dis-
tance from a line which intersects the axis
of rotation of the first member substantially
at the common center of curvature of the
surfaces of the two coacting members and a
connection between said element and said
second member.

24. Apparatus for grinding and polishing
spherically curved surfaces, comprising a
pair of coacting tool and work members, one
having a convex and the other a concave sur-
face, means for imparting a concentric ro-
tary movement to one of said members,
means for moving the other of said members
bodily in a circular path, said means in-
cluding an element maintained by means in-
dependent of the contact between said mem-
bers to move at a fixed distance from a line
which axis intersects the axis of rotation
of the first said member substantially at
the common center of curvature of the sur-
faces of the two coacting members, and a
connection between said element and said
second member, and means arranged to press
the two coacting members together.

25. Apparatus for grinding and polish-
ing curved surfaces, comprising a pair of
coacting tool and work members, one having
a convex and the other a concave surface,
means for imparting a concentric rotary
movement to one of said members, and
moving means for the other of said mem-
bers including an element maintained by
means independent of the contact between
said members to move at a fixed distance
from a line which is inclined to the axis
of rotation of the first said member and in-
tersects said axis substantially at the com-
mon center of curvature of the coacting sur-

a

faces of said members, a connection between

sald element and said second member and

a spring to press said second member against
said first member.

26. Means for grinding and polishing
curved surfaces, comprising a pair of co-
acting tool and work members, one having
a convex and the other a concave surface,
means for imparting a concentric rotary
movement to the convex member, and mov-
ing means for the concave member, includ-
ing an element maintained by means inde-
pendent of the contact between the coacting
members to move at a fixed distance from a
line which intersects the axis of rotation of
the convex member substantially at the com-
mon. center of curvature of the surfaces of
the two coacting members, and a connection
between said element and the concave mem-
ber.

27. Apparatus for grinding and polishing
spherically curved surfaces, comprising a
pair of coacting tool and work members,
one having a convex and the other a con-
cave surface, means for imparting a con-

7

centric rotary movement to the convex
member, means for moving the concave
member bodily in a circular path, said means
including an element maintained by means
independent of the contact between said
members to move at a fixed distance from a
line which intersects the axis of rotation
of the convex member substantially at the
common center of curvature of the surfaces
¢f the two coacting members, a connection
Letween said element and the concave mem-
ber, and means arvranged to press the two
coacting members together with a force
which remains constant throughout the cir-
cular movement of the second mentioned
member.

28. Means for grinding and polishing
curved surfaces, comprising a pair of co-
acting tool and work members, one having
a convex and the other a concave surface,
means for imparting a concentric rotary
movement to the convex member, moving
means for the concave member, including an
element maintained by means independent
of the contact between said members to
move at a fixed distance from a line which
is inclined to the axis of rotation of the con-
vex member and intersects said axis substan-
tially at the common cenfer of curvature of
the surfaces of the two coacting members,
a connection between said element and said
concave member, and a spring to press the
concave mermber against the convex member.

29. A machine for grinding and polishing
curved surfaces, comprising a work holding
tool and a grinding or polishing tool having
a curved surface corresponding to the sur-
face to be made on the work, means for
giving one of said tools a rotary movement,
at a relatively low rate and for giving the
other of said tools a bodily movement at a
relatively higher rate in a curved path about
a center offset from the axis of votation of
the rotating tool.

30. A machine for grinding and polish-
g curved surfaces, comprising in combina-
tion a work holding and a grinding or pol-
ishing tool having a curved surface corre-
sponding to the surface to be made on the
work, means for rotating one of said tools
at a relatively low rate and for giving to the
other of said tools a bodily movement at a
relatively higher and substantially constant
velocity and without sudden change of di-
rection in a path the center of which is offset
from the axis of the rotating tool.

31. A grinding and polishing machine,
comprising in combination a work holding
member and a grinding or polishing mem-
ber, means for producing between said mem-
bers a relative movement comprising a rela-
tively slow rotary movement about a fixed
axis and a movement in a curved path ec-
centric to the axis of said rotary movement
and at a relatively higher rate, and means
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v warying the eccentricity of
curved path.
inding and polishing machine,
T ng in combination a work holding
member and o grinding or polishing mem-
ber, means for producing hetiween said men-
b)ls a relative mo vernent comprising a
tary movement about a fixed axis and a con-
tinnous movement in & curved path whose
center is offset from the axis of said votary
movement, and means for retaining the cen-
ter of the curved path and the axis of the
rotary movement at a fixed distance from
each other during the grinding or polishing
operation, such means being adapted to per-
mit ad]'usmblv varying said distance.

A lens 011nchntr and polishing ma-
chlne including a tool havm@ the curvature
to be reproduced, and a pair of opposed tool
and work operating members, one of said
members being angularly adjustable with
respect to the other, whereby the axial lines
of the two members may be caused fo mtm -
sect at any desived pomt said membes
ing an offset crank pin movabie in a (,ux,w(}

Lth about the axial line of said member and
eccentmc to the axial line of the other mem-
ber.

34. A lens grinding and pohshm(r ma-
chine 1ncludm" a tool having the curvature
to be 101)roduced and a pair of apposed tool
and work operating members, one of said
members being angularly adjustable with re-
spect to the other, wherehy the axial lines
of the two members may be caused to inter-
sect at any desired point, said member hav-
ing an offset crank pin movable in a curved
pfzth about the axial line of said member
and eccentric to the axial line of the other
member, and a loose connection between the
work and the crank pin whereby the work

YO-

(lA'V'“

is free to rotate on the crank pin and adapt’

itself to the tool in any posititon of the
travel of the crank pin, the other member be-
ing adapted to support and impart rotary
movement to the tool.

35. A lens grinding and polishing ma-
(hmc, comprising coacting tool and work
holding members, one of which members is
mounted to have a concentric rotary move-
ment and the other 6f which members is
motunted to have a bodily movement about
an axis which intersects the axis of rota-
tion of the first said member and is free
to rotate with respect to the part by which
it is given its bodily movement, and means
for an(fu]arlv adjusting one of said axes
with respect to the other.

36. A lens grinding and polishing ma-
chine, comprising coa(‘tmor tool and work
holding members, one of which members is
mounted to have a coneentric rotary move-
ment, a spindle by which the other of said
members is carried and from the axis of

1,439,083

which 1t is offset'and the axis of which spin-
dle intezsc 'ts the axis of the first said mem-
ber, and means for angularly adjusting saicl
spmdle with relation to the axis of the f11‘
sa id member.

37. Apparatus for grinding and polishing
wheuc ally cnrved smfaces, comprising a

air of co-acting tool and work members, the
mv'accf of which are respectively convex
and concave, means for imparting a concen-
trzc rotary movement to one of the members,
and means for moving the other member
Ledily in a civ culfu path about an axis which
intersects the axis of rotation of the first
member substantially at the common center
of curvature of the surfaces of the two-co-
acting members.

38. Apparatus for grinding and polishinn
curved surfaces, vompu‘:mﬂ a pair of co-act-
ing tool and work members, one having a
convex, and the other a concave surface,
means for imparting a concentric rotary

moverent to one of the members, means for
moving the other member bodlly in a circu-
lav path about sn axis which intersects the
axis of rotation of the first member substan-
tially at the common center of curvature oi
the surfaces of the two co-acting members,
and means for exerting pressure on the bod:
ily movable member substantially in the di-
rection toward said center of curvature.

39. Apparatus for grinding and polishing

curved surfaces, comprising a palr of co-

acting tool and work members, one having
a convex, and the other a concave surface, a
pair of rotary driving spindles for actuating
said co-acting members said spindles hav-
ing their axes of rotation mutually inclined
in the same plane and intersecting at sub-
stantially the common center of curvature
of the surfaces of the co-acting members.
one of gaid co-acting members heing mounted
(*onoentuc ally on its driving splndle, and
the other of said members bemrr connected
to its driving spindle eccentuca]ly so as to
be moved thereby bodily in a circular path
on and about the surface of the first men-
tioned member, and means for pressing the
two co-acting members together acting sub-

stantially in the direction of the pomt of "

intersection of the axes of the
spindies.

40. Apparatus for grinding and polishing
curved surfaces, comprlslncr a pair of co-
acting tool and "worl members, one having
a convex, and the other a concave surface, a
pair of rotary driving spindles for actuat-
mg said co-acting members said spindles
hiLvmcr their axes of rotation mutually in-
clined in the same plane ‘and intersecting
at substantially the common center of cur-
vature of the surfaces of the co-acting mem-
bers, one of said co-acting members being
mounted concentrically on its drlvmg

driving
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spindle, and the other of said members being

connected to its driving spindle eccentri-

cally so as to be moved thereby bodily in a
circular path on and about the surface of
the first mentioned member, and means for
exerting pressure on the eccentric member
substantially in the direction toward the
point of intersection of the axeg of the driv-
ing spindles.

41. Apparatus for grinding and polishing
curved surfaces, comprising a pair of co-
acting tool and work members, one having
a convex, and the other a concave surface, a
pair of rotary driving spindles for actuat-
ng said co-acting members, said spindles
having their axes of rotation mutually in-
clined in the same plane and intersecting at
substantially the commeon center.of curva-
ture of the surfaces of the co-acting mem-

bers, one of said co-acting members being

mounted concentrically on its driving
spindle, and the other of said members being
connected to its driving spindle eccentrically
so_as to be moved thereby bodily in a eir-
cular path on and about the surface of the
first mentioned member and means for ad-
justing the relative position of the spindles to
cause their axes to intersect at snbstantially
the common center of curvature of the sur-
faces of the two members.

42. Apparatus for grinding and polishing
curved surfaces, comprising a pair of co-
acting teol and work members, one having
a convex and the other a concave surface,
and a pair of rotary driving spindles for
actuating said = co-acting members, said
spindles having their axes of rvotation
mutually inclined in the same plane and
intersecting at substantially the common
center of curvature of the surfaces of the
co-acting members, one of the members being
mounted - concentrically . on  its driving
spindle, and the other member being cor-
nected to its driving spindle eccentrically so

as to be moved thereby bodily in a circular

2

path and at constant velocity on and about
the surface of the first member.

43. Apparatus for grinding and polishing
curved surfaces, comprising a pair of coact-
ing tool and work members, one having a
convex, and the other a concave surface, a
pair of rotary driving spindles for actuating
saic coacting members, said spindies having
their axes of rotation mutually inclined and
intersecting substantially at the common
center of curvature of the surfaces of the
coacting members, one of said members being
mounted concentrically on its driving
spindle and the other of said members being
connected to its driving spindle eccentrically
so as to be moved thereby bodily in a circular
path on and about the surface of the other
member, and spindle driving means, where-
by the spindle carrying the concentrically
mounted cooperating member is rotated
more slowly than the spindle driving the
eccentrically mounted cooperating member.

44. Apparatus as claimed in claim 19,
wherein the mutual inclination of the axes
of votation of the spindles is varied by
movement of one of the spindles about an
axis which extends substantially perpendicu-
lar to the plane of the axes of the spindles.

45. Apparatus as claimed in claim 19,
wherein the mutual inclination of the axes
of rotation of the spindles is varied by
movement of one of the spindles about an
swxig which extends substantially perpendicu-
lav te the plane of the axes of the spindles

and passes substantially through the point

1
of intersection of the axis of the spindle
with the surface of the coacting member on
the cther spindle.
In testimony whereof we affix our signa-
tures in presence of two witnesses.
LUCIAN W. BUGBER,
ROBERT T.. GORDON.
Witnesses:
Carrorr, Bamuy,
Eprra M. Harvorsen,
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