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To all whom it may concern: 
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Be it known that I, ARTHUR E. PAIGE, 3 
citizen of the United States, residing at Phil 
adelphia, in the State of Pennsylvania, have 
invented a certain new and useful Improve 
ment in Methods of Making Bifocal Lenses, 
whereof the following is a specification, ref 
erence being had to the accompanying draw 
ling . , -, y invention relates to methods of pro 
ducing curved surfaces, and º particularly 
such surfaces which adjoin each other i and 
are respectively uniformly curved to the 
junction line between them, so as to sharply 
define the latter. As hereinafter described, 
my method is adapted to surface one side of 
glass to contemporaneously form a pair of 
bifocal lenses, the glass being held with the 
respective minor areas adjoining each other 
and between their respective major areas and 
concentrically rotated in coöperative relation 
with abrading means common to the glass 
which form? both. members of such a pair. Such abrading means may include a lap. 
having an annular abrading surface present 
ing only a transverse line of contact to the 
glass and having one circumferential edge 
of said annular surface presented tangen 
tially to the junction line between the major 
and minor lens areas, so that that edge of 
the abrading surface extends obliquely over 
said junction line from its 
with the glass; whereby the glass is abraded 
in a direction transverse to said junction 
line,..so as to sharply define the latter. As 
hereinafter described such oblique relation 
may be determined by having the axes of ro 
tation of the glass and of the lap neither 
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parallel nor at right. angles, but in acutely 
oblique transverse relation, and, although the 
lap may º be maintained in radial relation 
with the axis of rotation of the glass, and is 
preferably so maintained in abrading the 
minor lens surfaces, because the line of con 
tact between the lap and the glass then in 
tersects the center of rotation of the minor 
lens areas, the axis of rotation of the lap 
may extend tangentially to a circle described by rotation of any, point on the surface of 
the glass (hereinafter referred to as a circle: 
of rotation of the Natter,) and is preferably 
thus maintained in abrading the major lens 
surfaces; because the path of the abrading 
material moved by the lap is then in a direc. 

point of contact 

tion transverse to the path of the abrading 
material moved by the glass, thus imparting 

55 

a compound decussative motion to said ma 
terial and preventing it from forming con 
centric ru?s or scratches in the glass. More 
over, by presenting the line of contact of the 
lap with the glass in tangential relation to a 
circle of rotation of the latter, a spherically 
cuirved surface of a given radius may be 
produced by a lap surface of less radius, 
which is advantageous in that such a lap 
may be adjusted to and from radial and tan 
gential position to compensate for wear of 
its - abrading surface. 
having a conoidal abrading surface which 
is circularly arcually curved respectively 
differently i transversely and circumferen 
tially, when presenting a transverse line of 
contact to the glass in radial relation to the 
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For instance, a lap 
70 · 

axis of rotation of the latter, produces a . . 
splherical surface of precisely the same ra 
dius as the transverse curvature of the lap 
šurface, and, as the lap surface is rendered 
more convex by use, the line of contact may 
be shifted to tangential relation to a circle 
of rotation of the glass to produce a spheri 
cal surface of the given radius with the lap 
surface then of a less radius. Of course, 
such adjustment to and from radial and tan 
gential position is limited to the extent of the 
radius of the circular perimeter of the minor 
lens areas. - 

My invention includes the various novel 
features of procedure hereinafter more defi nitely specified. 
This is a division of my application Serial 

No. 12028 filed March 4, 1915, pursuant to 
which Letters Patent of the United States 
1,269,568 were granted to me June 11, 1918. 
Letters Patent of the United States 1,260,022 
were also granted to me March 19, 1918, pur 
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suant to application Serial No. 178,523, filed 
July 4, 1917, as another division of said ap 
plication Serial No. 12,028, and, in both of 
said Letters Patent mechanism of the char 
acter herein described is claimed. 

Figure J is a fragmentary plan view of a 
surfacing machine, including a lever having 
a universal fulcrum, by which lap elements 
çf my invention may be adjustably support 
ed; one of said lap elements being indicated 
in dash lines in position to present a trans 
verse line of contact of its annular abrad 
ing surface, to the major lens surface of the 
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i glass which is to be abraded, and in tan- W 
A faced to a curvature of four diopters. 

22 - 

gential relation to a circle of rotation de 
- * scribed by any point on the surface of said 

glass. . • 
Fig. II is an elevation of the universal full 

crum support for the lever shown in Fig. I. 
Fig. III is an elevation of the stop méch- . 
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anism by which the movement of said lever : 
is Ffy limited. - 4 < 9 ig. IV is a diagrammatic plan view indi 
cating, in dash lines, a lap having its an 
nullar abrading surface presenting a trans 
verse line of contact to said glass, at the 
minor. lens areas of the latter and in radial 
relation with the axis of rotation of the glas. . . . . - 

Fig. yf is. a diagrammatic plan view, 
wherein, th, Wlap illustrated in Fig. 1, indi 
cated iridash lines, is shifted to present iis 
lin?, of contact to thè glassat the major lens 
surface pf the latter and in radial relation with the axis of rotation of the glass. 
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Fig. VI, is a plan view of a rotary glass 
holder with apar of bifgeblanks thereon as in Figs. IX, XIV and XVII. i 

Fig. VII is å plan view of a single piece 
of glass, foru?ing a blank for a pair of bi 
focal lenses, of substantially the same shape 
as the pairs of lens blanks shown in Figs. I, 
V and V., -, . " . 
Fig. VI is a plan view of a circular, piece glas àdapted to, form a pair of bifocal f 

färg, by the employment of the method 
V illustrated in the preceding fig and means 

ureš. S s • 
Fig. IXMis àvertical sectional view of the lap, glass, and glass holder arranged to 
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abrade the major lènsi surfaces in accord 
ance with Fig. V, and illustrating means for 
supporting said lap in operative connection . 
with the lever shown in Fig. I; said support 
ing means being capable of oscillatory ad 
justment in the plane of the line 'of contact 
of the lap with the glas?. * . . . . . ., , 

Fig X is. an upper end view of the lap spindle bearing and its pivot bar shown in 
Fig. IX. * V 

K XI is a vertical sectional view of a simp if?d form of lap spindle bearing which 
may be substituted for that shown in Fig. IX. 

Figs. XIII, XIII and XIV are diametrical 
• sectional views of pairs of lens blanks such 

. . as indicated in Figs. I, IV and V, illustrat - 55 

sidès; the curve indicated being minus six 
diopters. Fig. XIII shows said blanks : 

reas in the same condition 
60 

with their minor 

ing successive steps in a method of surfac 
ing the same. Fig. XIII shows said blanks 
primarily surfaced to º a uniform curvature 
throughout the entire area.bf their upper 

as in Fig, XIII but with their major areas 

65 
further surfaced, at the same curvature, so 
ás to leave the minor areas projecting up 
wardly therefrom. Fig. XIV shows said 

º ferentially. 

- major lens surfaces ' whic 

1,302,98o 

pair of blanks with their minor aree L“. 
Figs. XV, XVI and XVIII respectively 

pective indi show inner views of 
vidual members of the pairs of blanks shown 
in Figs. XII, XIII and XIV. * * 

Fig. XVIII is vertical sectional view 
70 

similar to Fig. IX but showing the lap spin- - 
dle bearing supported by a detachable.colu pling connecting it with the upper spindle 
of the machine shown in Fig. I; said spindle 
beingrigidly connected with the vertically 
adjustable quill of said machine wh?n thus 
used. . . 

Fig. XIX is an upper end view of the lap spindle, bearing and its pivot bar shown in 
Fig. XVIII. · 

Fig. XX is a sectional view of the lap 
spindle shown in Fig. XVIII, showing the 
normal construction and position of the re 
silient ring carried by said spindle when 
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the latteris withdrawn from the bearing . 
shown in Fig. XVIII. ... * * * 

Fig. XXI is a vertical sectional view showing laps adapted to respectively abrade 
the major and minor lens surfaces, mounted upon a common spindle, i upon which they 
may be independently rotated at different 
speeds. . . . . . . . . . . 

Fig. XXIII is a fragmentary sectional view 
of the laps shown in Fig. XXI, with their 
abrading surfaces covered by respective 

annular abrading surfaces for abrading the 
major and minor lens surfaces. 

Fig. XXIV is a plan view similar to Fig. 
VI but showing that the contact between the 
lap and the glas arranged as in Fig. XXI 
is only at, a line, which is radial with re 
spect to the lap axis, because both of the an 
nullar surfäcés çfsaidtilap are respectively differently 

Fig. XXV is a vertical sectional. view 
similar to Fig. XXIII but showing a lap 
having an annular abrading: surface for the 

is spherically 
curved i. e., arcually curved the same both 
transversely and circumferentially, whereas, 
the annular abrading surface for the minor 
lens surfacés is arcually curved respectively 
diffently transversely and circumferen tially. 

Fig. XXVI is a plan view similar to Fig. x&?v g but showing that whereas, the annu 
lar, abrading surface of the lap shown in 
Fig. XXV for abrading the minor lens sur 
faces presents only a line- of contact to the 
glass, which is radial with respect to the lap 
axis; the annular abrading surface of said 
lap for the major lens surfaces presents an 

curvèd transversely and circum 
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sheets of textile, fabric secured by elastic i 
sphincteral band?. . . . , . 
Fig. XXIII is a vertical sectional view, 

similar to Fig. XXI, but showing a single lap N respectively differently curved 
8, 
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- area of contact to the glass which is a lune of aspherical surface. 
Fig. XXVIII is an elevation, partly in lon 

gitudinal section, of the surfacing machine 
partly shown in Fig. I, looking toward the 
eftinithat figure, but with the upper and 
lower-spindles in the position contemplated 
in Fig. XVIII and showing the lever sup 
portand its appurtenances as in Fig. IX... 

Fig. XXVIII is an elevation, partly in 
... transverse section, of the girme ine 

partly shown in Figs. I and XXVII. . . Fig. I is, a fragmentary plan view of a 
i machine . which may be conveniently i em 

15. ployed in roughing glass blanks, by rotat 
ing them and alap upon a common axis but 
respectively different spindles - which are 

'relatively adjustable both axially and later 

with pitch cement. 
80 

àlly and, preferably, rotated in opposite di 
rections so as to attain the maximum speed 

“:”. ST with the minimum centrifugal arge of the abrading material. In said 

shown in Fig. III said fulcrum"support in- . 
cludes the socket base 45 inawhich the cylin 
drical shank 46 of the yoke 47 may be turned 
and vertically adjusted, and clamped by the 
set screw 148 when in adjusted position; said 
set screw 48 being in screw threaded engage 
ment with said base 45. i Said yoke 47 has 
the oppositely alined cone poinšted screws 50 
niini the sleeve 51 in which the lever 52 

machine, the lower spindle 8 is journaled in. 
the base frame 1 and has the pulley 9 for 
cap 11 for detachable engagement with the 

hoder 12 upon which the lens blanks 
3 are detachably mounted, conveniently 

Said base 1 also sup 
ports the table 15 upon which the pan 16 is 
removably supported in concentric relation 
which is 
with, said spi?dle 8.. The upper spindle 18 

journaled in the frame 2, tiltable 
- i and capable of straight lateral movement on 
85 

40 

said base fram? 1, is provided with the pull- . 
ley 19 and belt 20 by which it may be ro 
tated. Said pulley 19 - is keyed to said 
spindle 18 so that the latter may be raised 
and lowered through it by means of the quill 
22 having rack teeth 23 engaging the gear 
24 which may be turned by hand. Said quill 

rotation by the belt 10, and has the conical 

may be prevented from rotating by a suit 
able key, adjustable by the set screw 32. 

. . . Said spindle 18 has at its lower end the coni 
| 45 cal cap 29 for detachable engagement, di 

rectly, with ordinary spherica laps which 
may be rotated in axial allinerient with the 
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spindle, 8, and glass holders 12 thereon, 
when the set screw 32 in tIae quill is re 
tracted. . When said spindle 18 is prevented 
from rotating it may be used to support the 
other laps hereinafter described, for instance 
as shown in Fig. XVIII, toPrify deter 
mine the approach thereof to the glass. 
However, it i? to be understood that other 
means may be "employed to effect the grind 
ing º of the blanks preliminary to the em 

i ployment of the laps which have their axes 

65 

, extending obliquely with respec 
60 

t to the axis 
of rotation- of the glass as herein set förth. 

. Referring to Figs. I to IUI inclusiva, it is 
to be und?rstood that the universal fulcrum: 

and 57, indicate 

may be turned and longitudinally, adjusted, 
and clamped in adjusted position by the set 
screw 53 which is in screw threaded engage 

... ment with said sleeve. However, it may 
observed that when said parts are adjusted 
and clamped by the screws 48 and 53, said 
lever 52 is free to oscillate in a vertical 
plane upon the commota áxis of said screws 
50, and said lever is conveniently provided 
with the handle 55 by which, it may be ma 
nipulated as a support by which the laps 56 

in dash limes in Figs. I, 
IV and V, may be presented in operative re 
lation with the pairs of lens blanks 13 sup 
ported and rotated by the holders 12 on the spindle cap 11. 
Although when clamped by the screws 48 

and 53, said lever 52 is ostensibly prevented 
from i moving except in a vertical plane; it 
is practically impossible to make it so rigid 
that it cannot be otherwise moved within 
the limit of its resilience, and, in fact, it 
may be bent and twisted, without permanent 
distortion, when clamped by the supporting 
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means above described, to such a degree that . 
I find it convenient to provide stop mecha 100 
nism, at the handle end of said lever by which its moyelment may be precisely lim 
ited. As indicated in Figs. I and III the 
stop bracket 60, which is 'conveniently 
Mounted upon said table 15, carries the stop 
block 61 supon the bolt 62, which has a 
squalured shank mounted to slide in the slot 
(63 in said bracket and is provided with the 
• wing nut 64 by which said block 61 may be 
secured in any position of adjustment to 
which it may be shifted by the thumb screws 
65 and 66 which are in screw threaded en 
gagement with said brac-et 60. Said lever 
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is, çonveniently provided with the stud 68 
which may be selectively engaged with any 
link of the chain 69 at the upper end of the 
spring 70 which is connected with said 
bracket 60, at its lower end, by the screw 
71, and it is to be understood that the ap proach of the kaps 56 and 57 to the glass, both laterally andvertically, is preciselypre 
determined and limit?d by the location of 
said stop bloek 61. For instance, said lever may be set to preseni? a lap in position to 
abrade the glass carried by the holder 12 
and with a. space between the lower side of 
said lever and the proximate upper surface support and the stop. mechanism for the leg-, 

vershown in Fig. I are mounted upon the 
table. 15 upon which the pan 16 rests. As 

of the recessed end of said block 61 corre Sponding with the thickness of the glass 
which is to be removed, and, said spring 70 

15. 
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» being connected with said lever 52 as above 
described, the abrading operation may pro-, 
ceed without further attention of the oper 
ator except, as to the maintenance of the proper quantity of abrading material and 
water, or other liquid vehicle between the 

.0). 

lap and the glass. 
It is to be understood that although I have 

shown the glass. upon the holders 12 in the 
form of individual lens blanks 13, other 

i forms may be employed with equal facility, 

| 15 

for instánce, a single piece of glass 73, shown 
in Fig. VIII, of the outer configuration of 
the holder 12, may be suitably surfaced and 
subsequently cut apart, on the dotted dia 
metrical line - shown in Fig. VII, to form a 
pair of bifocal lenses. Moreover, a circular 

. glass blank 74 such as shown in Fig. VIII 
20 

25 

30 

, 35 
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pair of 

amount of glass is required for the same. 

may be thus surfaced and subsequently cut . 
apart, "E any diametrical line, to forma 

ifocal lenses. Said form 74 is ad 
vantageous in that defects due to accidental crumbling of the glass may be avoided in 
cutting the lenses, and said form 73 is ad 
vantageous in that I only the e minimum 

Fig. IX, illustrates the lap 56, glass 13 and glass holder. 12 arranged to abrade the 
major lens surfaces in accordance with 
Figs. I and V; said lap being supported 
in operative connection with said lever 52 
by means capable of oscillatory adjustment 
in the plane of the radial line of contact 
of the lap, with the glass. Such means in 
cludes the coupling 76 which is longitudi 
nally adjustable on said lever 52 and lhas 
the set screw 77 by which the pivot bar 78 
may be rigidly clamped against the flattened 
side of said lever in any position of adjust 
ment; said bar 78 having its opposite sides 
flattened as slhown in Fig. X. Said bar 78 

45 

is bifurcated at its lower end to receive the 
radial flange 80 of the spindle bearing cas 
ing 81, which is pivotally connected there 
with by the screw i 82 which has a smooth cylindrical portion extending through said 
flange 80 but is in screw threaded engage 
ment with said bar 78, as indicated in dotted 
lines in Fig. X. It may be observed that the 50 

, the bifurcations of said bar 78. ?he oscilla 
55 

60 
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construction and arrangement of said screw 
82 is such that it may be slightly retraced 
to permit said flange to oscillate freely and 
be advanced to clamp said, flange between 
tory movement of said flange 80 in said bar 
78 is limited and the parts clamped in ä/ 
justed relation by the screw 84 which ex 
tends freely through the openings 85 in said 
bar but is in tlhreaded engagement with said 
flange 80. Said serew · 84 may be janumed 
in adjusted position by the nut 87 shown in 
Fig. XIX. · 
Said lapspindle bearing casing 81, shown · 

in Figs. IX and X, carries in its socket 88, 
a ball bearing which is conveniently con 

ations in the s 

1,302,960 

structed and i arranged as shown in Fig. 
XVIII, including the outer shell 89, which 
is tightly but detachably fitted in said cas 
ing 81, so that it may 
placed when worn. Said ball bearing in removed and re 

70 
cludes tke sleeve 90 through which the spin 
dle 91 of each lap 56 and 57 may be tä 
to änd from its operative position withou 
lateral lost motion. In operative position 
the upper cone point of the spindle of each 
lap 56 and 57 is seated in the cone socket screw 92, which is axially adjustable in 
screw threaded i engagement in said casing 
81 and is provided with the nut 93 by which it mas y be secured in adjusted posi?iqn. 
Tº prevent accidental displacement ofsajd 

z 

sb 
lap? š6 and 57 when raised from contact with the glass, by the lever 52, I find it con 
venient to “provide each spindle 91, withi 
circumferential grooye 95 to receiv? the: latch spring 96 which is carried by the casing 
81 and has one limbi extending, in the slot. 
97 in the latter in registry with said groovi , 
The construçtion and arrangement of such 
resilient retaining means is such that it yields 

* to 0 the laps to be manually shifted to 3 nd from ºpery position in said casing 81. 
It may be - - - UTT. I 

shown in Fig. IV, said lap 57 is soset that 
the i smaller circumferential edge of its 
abrading surface, which is indicated by the 
smallerelliptical dash line is in contaçt with 
the glass 13, and is tangential to the circular: junction line between the major lens areas 
98 and the minor lens areas 99. Said junc 
tion line is indicated in Fig. IX and in other 
sectional views of the glass, by short straight. 
lines which extend vertically downwardly 
from the upper surface of the glass, but 
which are not intended to indicate any divi- : 
sion in the glass, but merely to indicate the 
position of the lap? with reference - tosaid junction lines which are otherwise difficult 
to locate in the sectional views in view of the 
slight difference in curvature between the adjoining surfaces. When the line of co 
operation of the tool and glass coincides with 
the axis of rotation of the glass as indicated 
in Fig. IV, the abrading particles tend to 
travel tangentially to the circular junction 

90 

observed that in the position - 
95 

100 

line between the lens areas and across the 
sanne in approximately evolute paths, the 
directions of which vary somewhat with vari 

peed of travel of said particles, 
which is the resultant of the rotation of both 
the glass and the abrading tool. When tlhe 
line of coöperation of the tool and glass is as indicated in Fig. I, the abrading particles 
travel across the circular junction line be 
tween the major and minor areas in paths 
which are either approximately evolute of 
involute in accordance with the direction : 
rotation of the abrading tool. - That is tos º , 
tlhey travel involutely if said tool is rotatvéd“. 
clockwise with reference to Fig. I, and evo 
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lutely, if said tool is rotated in the opposite 
direction. In either case the abrading action 
is transverse, and obliquely transverse, i to 
such sjunction, lin?s. As the paths of said ebrading particles: vary from mathematically 
evolute and involute directions, I prefer to 
term them “curvilinear.” It may be ob 
served that said smaller circumferential edge 
of the abrading surface of the lap 57, which 
is indicated by the smaller elliptical dash 
line in Fig. IV, extends obliquely over said 
junction line from its point of contact with 
the glass like the similar edge of the lap 142 

** shown in Fig. XVIII; whereby the glass is 
abraded by said lap in a direction transverse 
to said junction line, so as to sharply define 
the latter; the glass being rotated, in the 

: direction of the arrow in Fig. IV while the 
lap is rotated in the same direction. . Al 
though said lap may be caused to rotate in 
that direction merely by frictional engage 
ment with the surface of the glass rotatingin - 
that direction, I find it preferable to rotate 

25 
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the løp at a higher speed than the glass and 
this may be conveniently done by the belt 
101 engaging the groove 102 in the. lap, as 
shown in Fig. IX, and extending thence 
around any, suitable driving pulley. The 
reason for rotating the glass, is, of course, to 

resent at the line of contact successively 
with the lap all of the area of the glass which 
is to be abraded by the latter. The reason for rotating the lap at a higher "speed is to 

40 

attain the maximum relative movement of 
the lap. and glass. surfaces which is possible 
with the GÈNE of a pulverulent abrad 
ing medium; such speed being limited by 
the centrifugal effect upon said material, for, 
if the lap is rotated at too great a speed said 
material will be thrown off the glass upon 
which it must be retained to have any abrad 
ing effect. The reason for rotating the lap 
in the same direction as the glass is to mini 

45 
mize the chance of producing scratches by 
irregular, particles of the abrading material 
which might be retained in damaging rela 
tion to the glass if the glass and lap are ro 
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lap. 

tated in opposite directions, as the abrading 
material is then - piled up by the opposite 
feeding movement thereof by the glass and 

It is to be noted that the abrasion is not 
effected by the surface of the lap but by the 
pulverulent abradling material which is free 
to move between the adjacent surfaces of the 
lap and glass, and has a motion which is the 
resultant not only of the circular rotation 
of the lap and glass with their axes in the 
oblique relation described, but of the so called centrifugal force generated by such 
movement; the effect of said force being al ways to produce a tangential motion of each 
particle of the abrading material, out 
wardly with respect to the axis of rotation 
of the element supporting said particle at 

any instant. That the glass is abraded in a 
direction transverse to said junction line is 
clearly indicated by the score marks made in 
the glass by granules of the abrading mate 
rial. The expression“ obliquely transverse” 
is employed to indicate the contemplated 
direction more precisely than is indicated 
by the word - “transverse” alone, which is comprehensive of the right angular relation 
as distinguished from the diagonal or 
oblique. crossing movement cont?mplated, 
which is the result of the traverse of the 
particles of the abradin 
paths, under the several forces acting upon 
them as aforesaid. Of course, said paths of 
the abrading material are curvilinear, and 
eccentric with reference to the axis of rota 
tion of the glass as distinguished from the 
above contemplated circles of rotation of the 
latter. Moreover, it is to be particularly 
noted that by thé operation described, the 
major and minor areas are abraded respec - tively. oppositely transversely to said j?nc 
tion line between them. - Of course, said lever 52, is set in respec tively different positions in order to present 
the annular. abrading surfaces of said i laps 
56, and 57 respectively in operative relation 
with the major and minor lens surfaces of 
the glass 13. The dash line which is radial 
to the center of oscillation of said lever. 52 in Fig. I indicates its position when supporting 
the lap 57, as in Fig. IV.. The position of 
said lever shown in full lines in Fig. I is 
approximately that which it occupies when 
supporting said lap 56 as shown in Figs. I, 
V and IX, it being thus shifted slightly 
more to the left, to bring the smaller circum 
ferential line of its annular abrading sur 
face tangential to the circle defining the 
minor lens areas in Figs. I and V. 

Fig. XI. is a vertical sectional º view of a 
spindle, bearing casing 105 which is similar 
to said casing 81 but of simpler construction 
in that it has no bearing screw or nut at 
the... upper end thereof; its cone socket 106 
being adapted to receive the conical points 

70. 

75 

material in evolute 

80 

85 

95 ' 

0) 

105 

110 

of the lap spindles and hold them in con 
centric relation with , said casing and the 
ball bearing which is detachably but tightly 
fitted. in the socket 107 at the lower end 
thereof. . . . I find it convenient to prepare the glass 
for abrasion by the conoidal laps 56 and 57 
above described by primarily sürfacing the 
blanks throughout the entire. area of their 
upper sides, for instance, as shown in Figs. 
XI and XV. Then, ether the minor areas 
may be further surfaced to the desired curva 
ture, thus reducing them to at less thickness 
than the major areas, or the major areas 
may be further surfaced to the proper curva 
ture reducing them to less thickness than 
the minor areas, as shown in Figs. XIII 
and XVI. In either case, I prefer ?o effect 
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- * coupling 130 has the set screw 131 for se curing it in adjusted p 

29, so that said coupling may 

such preliminary surfåcing with the axes 
of rotation of the laps eccentric to the axis 
of rotation of the glass, at the surface of the 
latter being, abraded, although radial with 
respect to the center of curvature of that 
surface, to thus- make it impossible to pro 
duce concentric scratches in the glass, Or 

instance, the F spherical surface of the 
glass blanks, 13, as shown in Fig. XII, has 

10 

6 
din that surface with the inner circular edge 

its center of curvature on a vertical line 
coincide?t with the junction line between 
said blanks and with the axis of rotation of 
a glass holder 12 upon which said blanks 
reassumed to be mounted; and a lap, such 

as indicated at 56 in Fig. IX, may be set 
i of its abrading, surfàce in continuous con 
tact with said glass surface, but eccentric to 

20 
the axis of rotation of the glass at said 
spherical surface of the latter being abraded. 
owever, the axis of rotation of -said lap 

i will then be radial with respect to said cen 
ter of curvature of that surface and, if both 

25 

šcratches in the glass 

80 

85 

40 
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the glass and the lap are rotated, the glass 
will be abraded and said spherical surface 
?enerated without producing. concentric 

ü of such eccen-- 
tric relation of the abrading tool and glass 
at the surface of the latter being abraded. 
In either case, the glass may be finally sur 
faced as shown in Figs. VI, XIV and XVII . 
by the conoidal laps 56 and 57 above de 
scribed, or laps of similar construction here 
inafter described. · - 

It is to be understood that any of said 
laps may be provided with a cover of textile 

G orgther flexible sheet material 125 re 
tained thereon by the elastic sphincteral 
band - 126 as shown in Fig. IX; such cover 
ing serving as vehicles to retain the pull-, 
verulent. abrading material upon the abrad 
ing surfaces of the laps. · · .." 
- XVIII is a vertical sectional view 
similar to Fig. IX: but, showing the lap 
spindle bearing casing 128 supported by a 
etachable coupling 130 connecting it with 

the cap 29 of the upper spindle 18 of the 
machine shown in Fig. I said spindle 18 being rigidly connected with the vertically 

5 quill 22 when thus used. Said 
ition "En said cap 

| turned to 
present the axis of the lap spindle, in a 
plane which is radial to the axis of rotation 
of the glass holder 12 or in tangential. rela 
tion to a circle of rotation of the glassas . above contemplated. Said coupling 130 
also has the set screw 134 by which the pivot bar 135 may be rigidly held in adjusted po 
sition; said bar being constructed, and ar 
ranged like the bar 78 above described, i.e., 
it is bifurcated at its lower end to receive the radial fange 136 of the spindle bearing cas 
ing 128, which is pivotally connected there 

" 

is limited and the parts clamped 
relation bý the screw 139 which extends 
freely through the openings 140 in said barº* 
but is in threaded engagement with said 
flange i 136, like said screw i 84 above de 

1302,960 

with by the screw 137 which has a smooth cylindrical portion extending through said 
fange 136 butis in screw threaded engage 
ment with said bar 135. The oscillatory 
movement of said flange 136 in said bar 135. 

in adjusted 

scribed. 
Said lapspindle bearing casing 128 çar: 

ries aball bearing including. an outer shell 
89 tightly fitted in said, casing 128 and, a 
sleeve 90. rotatable in said casing, and the 

has its spindle. 143 providèd with different 
means for prventing accidental axial dis 
placement. of the latter, º including the 

70 

and the 80' 
lap 142, which is otherwise constructed and º 
arranged like the lap 57 above described, 

resilient ring 145 which, as shown in Fig. . . " 
XX, is normally of slightly larger diameter 
than said spindle but is compressed to fric 
tionally engage said sleeve 90, as shown in Fig. XVÍ?Îwhen said spindle is thrust 
through said sleeve 90 into the operative po 
sition shown in said figure. ’M " . Although I find it cônvenient to employ 

90 

the respectively independent laps abovede 
scribed so that, the minor and major lens 
surfaces may be abraded by different op 
erators at different times; it is to be underw 
stood that such conoidal laps may be 'em 
ployed to simultaneously abrade both the 
major and minor surfaces of the same glass. 
For instance, as shown in Fig. XXI, the 
laps 146 and 147 which have annular abrad 

95 

000) 

ing surfaces respectively adapted to abrade 
the major lens surfaces 98 and minor lens 
surfaces 99 of the glass 13 which is rotated: 
by the holdér 12, shown in said figure, h?vé i 
the common spindle 149 and may be simul 

105 

taneously rotated, upon the same axis, by . . . 
the belts 101, at respectively different speeds, 
if desired, or they may both berigidly com-, - 
nected with said spindle by their respective 
set screws 151 and 152 so as to be rotated to 
File: The relative axial position of said 
3. 

1 10 

ps i 146 and 147 may be precisely prede 
termined by adjustment of the nuts 154 

- which are in screw threaded i engagement . 
výith the inner hub of said lap 146. Such 

| 53 

construction and arrangement is advanta- . 
geous in that the laps 146 and 147 may have 
their abranding surfaces sep?rately, ground 
to a variable extent and yet be precisely ad 
justed for the desired coöperative effect 
upon the glass. 
Whether rotated independently or clamped 

together, as above described; said laps 146 
and 147 are conveniently mounted for ro 
tatiºn in the spindlebearing pivot frame 156 having the adjustable bearing screws 157 
and 158 which may besetto hold said spin 
dle 149, or the spindl?s of any, of the laps 

KM/ 

20 

1265 

30 

  



1,so2,98o 

is abovò described. Said pivot, frame 456 is conveniently mounted for oscillation in the 
yoke 159, which has the set screw. 160 for securingit in rigid relation with the cäp 29. 

0 

of the spindle 18 above described, and car 
ries at the lower ends of its bifurcations, opposite, axially alined, screws 162 having 
conical heads i 63 fitted in corresponding 
sockets; in said pivot, frame 156 and having 
wing nuts, 164, exterior to saidi yoke 159 so 
that saidframe 156 may be freed for oscilla-- 

|- tion in saidi yoke or clamped in rigid relation 

15 

therewith I prefer to limit the oscillatory 
movement of said frame 156 in said yoke 159 
by providing the latter with the clamping 
screw 167 having the conical head 168 ex 
tending in the arcual slot 169 in said frame - 
156; said screw 167 being provided with the 

• 20 

25 

40 

wing nut 170 exterior to said yoke, by which 
said frame 156 may be clamped in rigid rela 
tion withsaid yoke. Of course, if a. perma 
nently rigid construction is desired, the bear 
ing screws. I 157 and 158 may be directly 
mounted in, the yoke 159, without the inter 
position of the frame 156. * - 
As indicated in Fig. XXIII, either or both 

of said laps 146 and 147 may have its abrad 
ing surfäce provided with a cover of textile 
fabric or other i flexible i sheet material - 125 
retained thereon by 
band 126. . 
As shown in Fig. XXIII, my improved 

surfacing mechanism may be further simpli 

an elastic sphincteral 

fied by providing a single lap 173 having 
the respectively differently curved annular 
abrading surfaces 174 and 175, meeting at 
the circular line indicated at 176 and respec 
tively adapted for abrading the major lens 
surfaces - 98 - and i minor lens surfaces 99 of 
the glass 13 which is mounted to be rotated 
on the holder 12 as above described. Said 
lap 173 may be mounted for rotation in any 

4 

50 

of the lap spindle bearings above described 
but is shown mounted in the bearing 128 
supported by the lever 52 with which it is 
adjustably connected by the coupling 76. 
abóve described. . 
Said lap 173 has annular abrading sur 

faces which are like those of the laps 56, 57, 
117, 121, 146 and 147 in that they - are re spectively differently curved transversely 
and circumferentially and, as indicated in 

• Fig. XXII, the annular abrading surfaces 
55 

60 

174 and 175 of said lap 173 are in contact 
with the glass only at a line 178 which is 
radial with respect to the lap axis. . . 
As the laps above described present only 

respective lines, of contaetto the major and 
minor lens surfaces, and the former are of 
greater area than the latter, a longer time 
is required to produce a given surface upon - 
the major. areas than upon the minor areas, 
although the difference is minimized by the relatively greater diameter and ("onsequent 
surface speed of movement of the annular 

abrading surfaces of the laps which are ap 
plied to the major areas. Therefore, I find 
it convenient to provide the lap 180 shownin 

7" 

Fig. XXV, which differs from the lap 173 
above described in that its annular abrad- 7 
ing surface - 181 whîchis presented to the " . 
major glass surfaces 98 is spherically curved, 
i. e., arcually curved the same both trans yersely and circumferentially; i so that, as 
indicated in Fig. XXVI, said surface 181 7 presents an area of contact to the glass * 
which is a lune of a spherical surface, the 
contourthereof, in plan, being indicated by . 
the dash lines i 182 in Fig. XXVI 
spherical abrading surface of the lap 180 
terminates at the circle indicated by the dot 
ted line 184 in Fig. XXV, and the adjacent 

Said . 
80 

annular abrading surface 185, which is pre 
sented to the minor glass areas 99, is arcu 
ally curved respectively differently trans 
versely and circumferentially, so a? to pre 

856 s 

sent only a line of contact to the 'glass as 
indicated at 187 in Fig. XXVI. Such con-, , . 
struction of the abrading surface 185 isº . 
necessitated by the fact that its curvature º 
(four dioptric) is of greater radiüs trans 
versely than the curvature (six dioptric) of 

90 

said abrading surface 181, and, if spherically. 
disposed (as a zone of a sphere º of such 
greater radius) it would, of course, sweep 
over the major glass areas 98 and eliminate 
the desired curvature of the latter. 

95 

It may be observed that in the employ 
ment of both of the laps 173 and 180 the 
smaller circumferential edges of the abrad-, 
ing surfaces which are respectively in con 

100 

tact with the major and minor glass areas 
extend obliquely over the circular junction 
line between said areas, from respectively: 
opposite sides of said line; whereby the 
glass is abraded in a direction transverse 

105 

to said junction line, so as to sharply define 
the latter. 

It is to be understood that said laps 173 ; 
and 180 may have their abrading surfaces 
covered with textile fabric or other flexible 

ill:0 
sheet material 125 retained thereo? by "elas 
tic sphincteral bands 126, as indicated in 
Fig. XXV. . - - - 

It may be observed that the ball bearings 
above described have no means for compen 
sating for wear which is incident to the rota 

115 

tion of the laps at high speed, as they are 
of an ordinary commercial type, and . 
although they may be readily and cheaply 
replaced, I prefer to employ in each of the 
lap spindle bearings above described, ball 
bearings, which are adjustable to not only 
compensate for , wear but compensate for 
slight differences in' the diameters of the 
lap spindles which are adapted to slide 
through the sleeves 90 of said bearings, to . 
arfd from their operative position. There 
fore, I have shown in Fig. XXV a. lap spin 
dle bearing casing 190 having tightly but 
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removably fitted therein a ball bearing in 
cluding the stationary race ring 191 and ro 
tatable sleeve 192; the latter being radially 
split at both ends so that it may be con 

5 stricted upon the lap spindles to rigidly en 
gage them, i regardless of slight differences 
in their respective diameters. Said sleeve 
192 has its conical end 193 encircled by the 
double conical annular ball race ring 195 for . 

10 the balls 196 which are embraced between, 
said ring 195 and the nut 198 which is in 
screw threaded engagement with the upper 
end of said sleeve 192. Said nut 198 is a 
complete annullus but has radial notches 199 

15 which may be engaged by a screw driver or 
similar · implement inserted through the 
opening 200 in said bearing casing 190 to 
hold said nut 198 temporarily stationary 
while the sleeve 192 is being adjusted in en 

20 gagement therewith. The construction and 
arrangement above described is such that 
when said nut 198 is temporarily prevented 
from rotating with the sleeve 192, and the 
latter is turned, either by a tool engaging 

25 the radial slots therein or by frictional en 
gagement with the lap spindle, said nut 198 
is drawn toward the racering 195 to take up 
all lost motion. Said screw thread connect 
ing said sleeve 192 with said nut 198 is prèf 

*º erably so inclined as to be tightened by rota 
*tion of said sleeve in the direction in which 
it is rotated with the lap spindle. 
Although the supports for the lap spindle 

bearings above described as capable of oscil 
*º latory movement may be rigidly secured 

when adju?ted to the proper angle to pro 
duce the desired surface upon the glass, and 
the curvature of the glass surfaces abraded 
by the laps thus supported may be precisely 

40 predetermined by such adjustment and 
maintenance of the laps; it is to be noted 
that. ordinarily i lens surfacing operations 
are facilitated by permitting the laps to 
have such freedom of movement ås to ac 

45 commodate themselves i to the "curvature of 
the glass, particularly during the polishing 
operation. Therefore, it may be observed 
that the bearings constructed and arranged 
in accordance with my invention as above 

50 described, permit such freedom of move 
ment, and laps embodying my invention may 
be thus used. For instance, glass which has 
been surfaced to the desired curvature by 
any convenient mcans and requires to be 

E5 finally finished or polished may be subjectedl 
to the operation of the conoidal laps above 
describedl, with the latter free to oscillate to 
such extent as to accommodate themselves 
to the curvature determined by the glass i 

G0 itsclif, and, in such use of said laps their 
effect is rendered as accurate as possible by 
the fact that their centoers of oscillation are 
nearer the surface of the glass being abraded 
than the center of curvature of the surface 

85 which is being formed; so as to stabilize the . 
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laps, with respect to the lass, regardless of 
their freedom aforesaid. It may be observed 
that in Fig. XXI the center of oscillation of 
the laps is below the surface of the glass 
ywhich is being abraded,” -ås distinguished 70 
from the construction and arrangement : 
illustrated in the preceding figures, wherein . 
the centers of oscillation of the respective 
laps are above the glass; however, in either 
case the centers of oscillation are inter- 75 
mediate of the length of the lines of contact 
of the laps with the glass. Moreover, it is to 
b? noted that when permitted such freedom M 
of oscillation, it is limited tç planes which 
are radial with respect to the laps and coin- 80. 
cident with the lines of contact which the .. 
laps present to the glass. . . . . . : , : 

I do not desire to limit mýself. to the 
precise details of construction and arrange- . ** 
ment above described as it is obvious that 85 
various modifications may be made therein 
without departing.from the essential fea 
tures of my invention as defined in the ap 
pended claims. - - - - - - 

I claim :- . :: : , * I - º 90 
1. The process of surfacing a bifocal lens, 

which consists in rotating a lens blank while 
Surfacing the major and minor areas there- * 
of at different times; surfacing each of 
?aid areas by rotating än annular abrading 
element, on an axis obliquely transverse tó 
the . NÄÄRÄ retti of said automatically axially moving said abradi 
element toward sid AFÉ, and FREE 
termining the position of the surface when 
finished, upon each of said areas, by ad justably limiting the freedom of axial move 
ment of the abrading element toward - said 
blank; the ºxis of said abrading element be 
ing differently angularly adjusted with re- 105 
spect to the axis of said blank in accord 
ance with the area thereof being surfaced, 
át, nel the freedom of axial movement of said - 
abrading element being differently, limited 
in accordance with the area, being surfaced; I10 
whereby the relative position of the sur 
faces of said two areas may be prede 
termined. - . . 

2. The process of surfacing which consists 

9 

100 

in rotating the article to be surfaced; con- i 15 . 
temporaneously rotating an abrading elle 
ment on an axis obliquely transverse to the · 
axis, of rotation of said article, and in op 
erative relation with said article in a plane . 
radial to the axis of said abrading element 120 
and tangential to a çircle of rotation of said . article; automatically axially moving said. 
abradling element toward said airticle as the 
surfacing operation proceeds; and prede 
termining the position of the surface when 125 
finished, by adljustably limiting the freedom : 
of axial movement of the abrading element 
toward Said article. N W i 3. The process of surfacing which con 
sists in rotating the article to be surfaced; 1s0 
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contemporaneously Siini an abrading 
element on an axis obliguely, transverse to 
the axis of rotation of said article, and 
in operative relation with said article in a 
plane radial : to the axis of said abradin 
element; automatically axially moving said 
abrading element toward said article as the surfacing operation proceeds; and prede 

the position of the surface when finished, by adjustably limiting the freedom 
of axial movement of the abr?lding element 
toward said article. v 

4. The process of surfacing which consists 
in rotating the article to be surfaced; con temporaneously rotating an abrading elle 
ment on an axis obliquely transverse to the 

axis of rotation" of said article, and in op 
erative relation with said article auto matically "axially moving said äbrading elle 
ment toward said article as the surfacing op 
eration proceeds; and Pietei the position of the surface when finished, by 
adjustably, limitin 
movement of the abrading element toward 
said article, , , , 

In testimqony whereof I have hereunto 
signed my anhe at Fil:Ranft, vania, this twenty-sixth day of May, 1915. 

****************** Aï?iük. É. ÉIRIG?. Witnesses: , 
N FRANK" E. PAIGE, 

ANNA IsRAELvr|Tz. 
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