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To all whom it may concern: 
Be it known that I, WILLIAM TAYLOR, a. 

citizen of .Great Britain, residing at Leices 
ter, in the county of Leicestershire, Eng 
land, have invented certain new and useful 
Improvements in Methods of ‘Grinding 
Glass, fully described and represented in 
the following speci?cation, and the accom 
panying drawings, forming a part-of the 
same. I 

This invention relates to methods of 
grinding glass and similar hard, non-plastic 
materials by means of abrasive wheels. 

Heretofore, although abrasive wheels, and' 
‘particularly wheels made up of particles of 
abrasive materials such as carborundum 
and the like bonded with fusible earth or in 
other ways, have been-used very largely in 
grinding metals, comparatively very little 
use has been made of such wheels in grind 
_ing glass. Before the advent of arti?cial 
abrasive wheels, certain natural stones were 
used for grinding the channels in what is 
known as cut-glassware, and also for grind-V 
ing the edges of spectacle lenses, and since 
their introduction arti?cial abrasive wheels 
have been- used with some success'for the, 
above purposes as a substitute for the 'natu 
ral stones, but in such use they have not 
been run at the high velocities at which 
they are generally‘ most efficient,‘ nor have, 
they been used with economy and success 
when much material has to be removed. 
Nor have they been used for grinding the 
surfaces of lenses. . 
The object of the present invention is to 

provide an improved method whereby’. glass 
and similar hard, non-plastic materials may 
be ground with arti?cial abrasive w eels 
which shall make it possible to grind lane 
and curved surfaces accurately with a de 
gree of e?iciency and rapidity beyond what 
has heretofore been obtained in the grind 
ing of glass. Although the invention has 
been made with the idea of utilizing arti?' 
cial abrasive'wheels, and ?nds its ‘greatest 
usefulness when wheels of such material are 
used, yet the invention may be carried out 
by the use of other'kinds of grinding or 
abrasive materials and devices, as will be 
apparent. ’ I _ -- . 

l have found that the mode of applying 
an abrasive wheel to its work which is usual 
and proper in the case of grinding metal is 
unsuitable for- grinding glass quickly for 
the reason, as I believe, that while metal is. 
comparatively soft and plastic and a good 

conductor of heat, glass is very hard-ligand 
non-plastic at. ordinary tem eratu'res, and 
1s a bad conductor of heat. ‘ hen the face 60 
of a piece of metal is applied to the face of" _ 
a rapidly movmg-abraslve wheel,iparticles" ‘ 
of abrasive protrudin from the face ‘of 
the wheel surface attac the metal, heating ' 
it somewhat by impact andv friction, in; 
creasing its plasticity by such heating, and cutting away a portion of the metal ‘in a > 

as 

more or less well de?ned way. Plastic ac-. ' 
tionseems to be a necessary part of all real‘ 
cutting action, and has an important func-p 
tion in the so-called grinding of metal'sur 
faces by rapidly‘ moving abrasive surfaces,” ' On the other hand, glass at ordinary"tem“-' 
peratures has no plasticity; and when the"‘:‘'” 
pressure between the glass and the wheel‘, 
is such as in the case of grindinguneta-l -' 
would generatesensible heat and add tothe ‘ 
efficiency of, the operation by increasingthe' 
plasticity of the metal whlch is being’re; 
moved, the result in thecase of .glassi-is 
apparently to heat and expand the surface 
locally (it being a bad conductor of heat), 
and produce in the glass strains which tend 
to detach ‘splinters or particles from/the‘ 

Such strains, together with?ithee surface. 
shock, pressure and tearing action-ofv’the 
surface of the abrasive wheel, shatters and 
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breaks away the surface of the glass, When ' 
the abrasive wheel is'applied in the usual 
way for grinding glass, that is, accordinvi» 
to the practice in surface grinding of meta , 

- with the peripheral face of the wheel bear 
ing against the glass with a relative move 
ment between the glass and the wheelv in ' 
the direction of the'plane of the wheel, and 
with the pressure of the wheel on the glass 
‘chiefly-normal to the surface to be formed 
on the glass, the pressure of the wheel tends 
td oppose such separation of the, splinters 
01-“ particles of glass, and even when, in _spite, 
of this, splintering and ilseparationig?oes 
occur, the splinters are “unable to-gjesc‘ape 
freely, being trapped betweentheiwheelgand 
the glass, and the surface beingwformedgis 
damaged by such splintering, 'The tendency 
of the glass to splinter u‘ggler the actionaof 
the grinding wheel, thus Hitel‘fQI'es seriously - 
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with the grinding operation when this§;1s" 
carried on according to, thewusualgv vractice, 

cient for grinding metals andisimilarlrel'a 
tively plastic or yielding’mateltials-mlt has, 
therefore, been customaryv heretQfOB6a."When 
arti?cial abrasive wheels “have been us ' 

_which practice is proper and-,hig 1y; cilia-{1m 
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cutting glass, to run the same at relatively 
low velocities, so as to avoid or to reduce to 
a minimum the splinterin or shattering of 
the glass, and such low velbcity has resulted 
in low efficiency and slow grinding. ‘ 

' In accordance with my present inventlon, 
I turn to advantage this splintering of the 
glass under the action of the grinding 
wheel, with the result that the grinding 
wheel not only may be, but desirably is, op 
erated at a hlgh rate of speed, such as that 
which is employed in the grinding of metal, 
and which I believe ‘may be as high as con 
ditions of safety ermit. 

Instead of app ying the grinding wheel 
to the glass in the usual way, I apply .the 
grinding wheel to thework in such a way 
that an abrupt step or terrace is formed 
between the unground or original surface 
and the ground surface of the work, which 
is best normal to, but which may be from 
say 80° to 110° to the original surface, and 
that this step is cut backward by the edge 
of the grinding wheel acting on the side of 
the step, a feeding movement being caused 
between the wheel and the work in a direc 
tion transverse to such step and transverse 
to the direction in which the successively 
active portions of the edge of the grinder 
move in the rotation of the grinder; and I 
shape that face of the-wheel which is con 
tiguous to, or faces, the surface of the glass 
to be formed so that it makes contact there 
with only at the base of the step, the wheel 
acting only on the side of the step, and the 
pressure of the wheel being in a direction 
approximately parallel to the surface to be 
formed and chie?y normal to the face of 
the step. In such “terrace grinding” it is 
the edge of the step which is continuously 

' splintered by the action of the grinding 
wheel, and the detached glass particles are 
thus‘ free to escape immediately, their de 

' , tachment and escape being assisted, instead 
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of being hindered, by the pressure of the 
wheel. - - 

In grinding glass in this manner it is 
possible, and for the highest efficiency de 
sirable, to run the grinding wheels at high 
peripheral velocities such as are commonly 
employed in grinding metal with abrasive 
wheels.- On the other hand, the rate of 
traverse between the wheel and the work is 
much slower than has been customary here 
tofore in’ grinding glass with ~ abrasive 
wheels, but this is much more than offset 
by dthe increased depth ,of cut or rate of 
fee . ' ' 

Certain features of the invention relating 
to the grinding of curved surfaces are not 
limited in their application to the use of my 
terracing method, although in most cases the 
highest efficiency is attained when the ter 
racing method is practised‘. " 
The accompanying drawings illustrate 
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more or less diagrammatically several ways 
of grinding lass or similar non-plastic ma 
terial accordmg to the present invention. 

In said drawings-~ 
Figure 1 is a diagrammatic view illus 

trating the grinding of a plane surface by 
means of adisk wheel; 

Fig. 2 is a similar view illustrating the 
grinding of the face of a cylinder or the 
edge of a cylindrical disk by means of a 
disk grinding wheel; ' 

Fig. 3 is a similar. View illustrating the 
‘grinding of the‘ face of a cylinder or the 
edge of a disk by means of a cup-shaped or 
other grinding wheel having a tubular 
grinding portion annular in cross section; 

1g. 4 is a face View of the cup-shaped 
grinding wheel shown in Fig. 3; ' 
_ Fig. 5. is a plan View, partly in section, 
illustrating diagrammatically an apparatus 
for grinding flat or eonvexly or concavely 
curved surfaces; 
F 1g. 6 is a view similar to Fig. 5, but 

showing the grinding wheel adjusted for 
grindmga convex surface, and Fig. 7 is a 
‘similar View showing the grinding wheel ad 
]usted for grinding a concave surface; 

Flg. 8 1s a side view of the apparatus 
shown in Fig. 5; 

fig. 9 illustrates another means for 
grinding a curved surface. I, ' 

Referring ?rst to F ig. ‘1, this ?gure illus 
trates a method of grinding a plane surface 
on a body or slab of glass or similar mate» 
rial 10,4by means of a disk grinding wheel 
11. The grinding wheel is shown in full 
lines as mounted with its axis of rotation 
(1-?) extending parallel to the surface to be 
ground, and, as indicated by the arrow m, 
the relative traversing movement between 
the grinding wheel and the work is in a di 
rection transverse to, and most desirably at 
rlght angles to, the direction in which the 
edge of the wheel in its rotation moves 
against the work, or transversely to the edge 
of the wheel; that is, in this instance, the 
relative traversing movement is sidewise or 
?atwise of .the wheel, the grinding being ac 
complished by the action of the side edge of 
the wheel against the side of the step 
or terrace formed between the unground 
and the ground portions of the surface of 
the glass, the step being progressively 
ground away by a process which consists 
largely of splintering the glass, as indi 
cated at g, by reason of shock and pressure ' 
assisted probably by local heating and ex 
pansion of the glass. rll‘he particles or splin 
ters of glass thus produced are free to 
escape and are thrown out by the rapidly 
moving edge of the wheel, so that the latter 
is free to come into contact with and succes 
sively and continuously cause the production 
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‘continues. The edge of the wheel between 
the grinding side and the peripheral face is 
left quitesharp, and the depth of cut is suf 
?cient so'that an abrupt step is formed, and 
the periphery of the wheel is shaped to slant 
,away from the- ground surface of its glass, 
or given a so-called bottom rake, so as to 
have a clearance h to prevent dangerous 
heating of, and damage to, the ?nished sur 
face‘, and enable the velocity and rate of 
traverse of the wheel to be a maximum. 
The grinding wheel is best driven at a high 
speed ‘so that its operative edge will have a 
high surface velocity, a. surface speed of 
about 5000 feet a minute being found to give 
excellent results. On the other hand, the 
speedof the traversing movement between 
the grinding wheel and the work is com 
paratively low, being far lower than is usual 7 
in grinding metal and less than that usually 
employed in grinding glass according to the 
old methods of grinding with, abrasive 
wheels, with the wheel itself ‘driven at‘ a 

comparatively low speed. " Itmay ‘be noted that in grinding in ac 

cordance with my method, either in the par 
ticular manner illustrated in Fig. 1, or 
otherwise, the particles or splinters of glass 
are detached without being wholly ground 
to powder, so that the'time taken in remov 
ing material is reduced and the wear of the 
wheel lessened. It is found in practice that 
the side edge of the'grinding wheel which 
does the principal work does not become 
quickly rounded, as might be expected. 

Instead of being set with its axis' parallel 
to the surface to be cut, the grinding wheel 
10 may be inclined more or less, as indicated 
by dotted lines in Fig. 1, the edge of the 
wheel being then suitably shaped as indi 
cated. ‘ ~ 

Fig. 2 illustrates the manner of grinding 
the edge or periphery of a disk or cylinder 
by means of a disk grinding wheel in ac— 
cordance with my terracing method. As 
shown in this ?gure, the disk grinding wheel 
11 is set with its axis a—b at right angles 
to that of-the cylinder or disk 12 to- be 
ground and with the plane of one side of the 
grinding wheel in the axis of the cylinder, as 

thereto more or less as indicated by dotted 
lines,» so that the glass disk or cylinder, as 
it rotates slowly, is attacked by the side and 
sharp edge of the grin-ding wheel, with the 
resulting formation of the desired step or 
terrace and the removal of particles and 
continuous grinding backward of the step 
or terrace as before described, the rotation‘ 
of the disk or cylinder in this case pro 
viding the relatively slow traverslng move 

_ ment between the work and the grinding 
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wheel at right angles to the grinding edge 
of the wheel. By causing a relative move 
ment between the grinding wheel and the 

v8 
cylinder or disk being ground in a-direction‘ 
parallel to the axis of the cylinder or disk, 
9. true cylindrical surface will be ground; a 
and by a bodily approaching or feeding 
movement between the grinding wheel and 
the cylinder or disk being ground, the latter 
may be ground to any desired size, either by 

70 

grinding oif a single step or terrace, or by . 
grinding off a succession of steps or terraces. 

If the cylinder to be ground is a compara 
tively‘short one,‘ as in the case of most lenses, 
instead of using a disk-shaped grinding 
wheel and traversing it in a direction paral 
lel to the axis of the cylinder, I ?nd it most ' 
‘advantageous to use a grinding wheel hav 
ing a cylindrical grinding portion‘annular 
in cross-section, such as the cup-shapedwheel 
15 shown in Fig. 3, andI set such a wheel 
with the plane of the annular edge of the 
wheel parallel to the axis of the cylinder or 
dlsk 12 to be ground, and with the annular 
edge of the grinding wheel engaging the cyl 
inder or disk at a point to which the plane 
of the annular face of the wheel is substan 
tlall tangential, so that the cylindrical edge 
of t e wheel‘ will form between the ground 
and unground peripheral surfaces of the 
disk an abrupt step whose side .is approxi 
mately radial of the disk. In order that the 
surface formed on the disk shall be truly 
cylindrical, the axis of the grinding wheel 
should‘bellocated substantially in the mid 
dle plane of the cylinder or disk being 
ground. The annular edge of the grinding 
wheel is so formed that it makes contact with 
the ground surface only at the base of the 
step. The grinding wheel, as before, is 
driven at a high speed of rotation, and the. 
cylinder or disk being ground is rotated 
slowly, the outer or peripheral edge of the 
wheel grinding the step backward. Since 
the annular edge of the cup-shaped grinding 
wheel lies in a plane which is parallel to the 
axis of the cylinder or disk being ground 
and tangential to its surface, a true cylindri 
cal form is given to the surface of a-short 
cylinder, such as an ordinary lens, without 
the need of any longitudinal movement be 
tween the grinding wheel and the lens. For 
grinding longer cylinders, however, with a 
cup-shaped grinding wheel, or other grind 
ing wheel having a cylindrical grinding por 
tion annular in cross-section, a relative move 
ment between the grinding wheel and the 
cylinder in the direction parallel to the axis 
of the cylinder is resorted to. The annular 
edge of the grinding. wheel will be worn back 
equally at‘ all points, so that all points in 
such edge will at all times remain in, and de 
scribe a path lying in, a true plane, the only 
adjustment required for taking up such wear 
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being an adjustment in the direction of the - 
axis of the wheel. _ _ 

Figs. 5 to 8 inclusive illustrate an appli 
cation of my method to the grinding and 
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generating of spherical surfaces on lenses, 
the apparatus shown being also adapted for 
the grinding of a plane surface on a lens or 
other piece of glass or similar material. As 
illustrated in these ?gures, the grinding 
wheel 20 is a cup~shaped wheel having a cy 
lindrical grinding portion annular in cross 
section, the annular edge of the wheel being 
applied to grind the surface of the lens. The 
lens or disk of glass 21 to be ground is 
mounted in a chuck'22 on a rotating spindle 
23 which is usually mounted so that it may 

7 be given a longitudinal feeding movement 
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to feed the lens toward the. edge of the 
grinding wheel. The grinding wheel ‘is 
mounted with its axis of rotation in, or ap 
proximately in, a plane in which the axis of 
the work spindle 23 lies, and the wheel is set 
so that as it rotates its annular grinding edge 
will sweep over the. center of the glass disk 
21 carried by the work spindle; and the 
grinding wheel spindle 24 is mounted in 
bearings in a swinging support 25 mounted 
to turn about an axis which is perpendicular 
to the axis of the work spindle and which, in 
order to permit the inclination of the axes of 
the wheel spindle and work spindle to be va 
ried without displacing the edge of the wheel 
from the center of the work, passes through 
the line of the axis of the work spindle at the 
point of contact of the edge of the grinding 
wheel with the work. ‘The axes of the grind 
ing wheel spindle and of the work spindle 
may thus be variously inclined to each other 
while remaining in the same plane, or in 
closely adjacent parallel planes, by swinging 
the work spindle support about its swivel, 
such varying of the inclination of the axes 
causing no displacement of the edge of the 
grinding wheel from the center of the work. 
For ‘taking up wear on the annular edge of 
the grinding wheel, provision is made for 
advancing the wheel longitudinally of its 
axis of rotation, as by forming its swinging 
support. 25 of an upper part 2 adjustable in 
the direction of the. axis of rotation of the 

_ wheel on a lower part 5, as shown in Fig. 8. 
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The grinding wheel is driven at a high rate 
of speed, and the work spindle rotates at a 
low rate. The upper part 2 of the support 
should also be transversely adjustable on an 
intermediate part 3 as shown, and the sup 
port is also formed to provide for vertical 
adjustment of the wheel as indicated at 4, 
such vertical adjustment permitting a small 
adjustment of the wheel in the direction lon 
gitudinal of the axis of its swinging support, 
so that the wheel may be set with‘its axis 
slightly above or below the plane of the work 
spindle axis which is normal to the axis of 
its swinging support. 
When the axis of the grinding wheel is 

set parallel to the axis of the work spindle, 
as shown in Fig. 5, a plane surface will ob 
viously be ground on the glass 21 coincid 

retirees 

ing with the plane of the annular edge. of , 
the grinding wheel. If now the axis of the 
grinding wheel spindle be set at an angle 
to ‘the work spindle as shown in Fig. 6, there 
will be ground on the face of the glass disk 

’ a portion of a sphere whose radius depends 
on the diameter of the annular edge of the 
wheel and on the angular relation between 
the axis of the work spindle and the axis 
of the grinding wheel spindle. if the 
spindles are set with their axes nearly at 
right angles as in Fig. 6, there will be 
ground on the face of the glass disk a 
convex surface whose radius approaches the 
radius of the grinding wheel, and at any 
intermediate angle at which the spindle 
axes maybe set a curved surface will be 
ground whose radius is somewhere between 
in?nity and this inner radius of the grind 
ing wheel. By swinging the grinding wheel 
in the opposite direction so that the grind 
ing is done by the outer edge of the wheel, 
as shown in Fig. 7, a concave surface may 
be ground on the glass disk and the radius 
of curvature of such surface will similarly 
depend upon the engular relation between 
the axes of the two spindles. By feeding 
the cup-shaped grinding wheel forward lon 
gitudinally of its axis of rotation as it wears 
away, and just enough to compensate for 
such wear, any change in/curvature of the 
lens produced is prevented. By providing 
graduations (not shown) on the swivel of 
the grinding wheel support, I facilitate the 
setting of the machine so that it may be 
readily set to grind curves of any desired 
radius. 
In grinding a spherical surface in accord 

ance with my terracing method and by the 
method and means illustrated by Figs. 5, 6, 
7 and 8, the grinding wheel should be set 
with its axis a little to one side or the other 
of that plane of the work axis which is par 
allel to the axis of the wheel, according to 
whether a concave or a convex surface is 
being ground, and according to the direction 
of rotation of the work, so that the depth of 
cut will be slightly greater on one side of 
the lens center than on the other. Terrace 
grinding will then take place on the side of 
the greater depth of cut, and rinding more 
in the nature of ordinary a rasive action 
will take‘place on the other side of the cen 
ter of the lens. ' v 

The grinding wheel should be set so that 
its active edge just slightly overlaps the 
axis of the work spindle, and the wheel 
should rotate in the direction so that its 
active edge shall move from the periphery 
toward the center of the lens on the side 
of the deeper out where the terrace grinding 
is taking place, thereby reducing the risk 
pf splintering the peripheral edge of the 
ens. 

With the work spindle and the grinding 
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wheel; rotating .- in the I directions indicated 
by the arrowsin the ‘drawings, the grinding 
wheehwhen set for grindin a convex lens, 
as shown in the plan view i . 6, should be 
set with. its°axis sl'mhtly be ow the work 
axis, and the annular edge of the grinder. 
should be I beveled both outwardly and in 
wardly from’a substantially sharp edge so 
that its outer bevel will be adapted to cut 
in the glass the desired abrupt step with 
its side substantially at right angles to the 
ground surface, and so that its inner bevel 
will make contact with the ground surface 
of the glass only at the base of the step. 
True terracing action will then take place 
from the periphery of the lens inward on 
that side of the center where the depth of 
cut is slightly greater, and on the other or 
lower side of the lens center where the 
depth of cut is less, abrasive action which 
is not true terracing will be accomplished 
by the inner portion of the end of the abra-v 
sive annulus which is beveled to ive it 

' clearance in the terracing action whic takes 
place above the lens center. The difference 
in level of the two‘ axes, that is, the dis‘ 
tance between the parallel planes of the 
two axes,,must‘beonlyfvery slight sothat _ 
the abrasivevl-action ‘when the cut ‘has any 
appreciable depth shall take place clear 
across the lens surface. It is best to make 
the greatest; depth 7 of cut. in grinding curved 
surfaces in this ‘manner less than 1 the ,depth 
which ; is‘ ,found_;most- suitable, and ye?icient 
c-fQr aterraceigrindinga in other-ways; as, if?!‘ 
example,~;;i'n7 grinding edges~ofilenses O1‘, in,‘ 
grindingeplane surfaces_..; A; depth; of yQlll} of. 
about £05’? 1, on? the deeper I side;v OfzathQ center 
of the lens where . the: terracing» action takes 
:iplaceefromithe: periphery‘: of the glass to; its 
centeriis ordinarily found» about: right »; 1 with, 
a depthiof Fsay .0021'45011 the otherzsideiofrzthe 
centeraewhere; ordinary; abrasive; action; may 
occurs: In;v ;such~.case=;:the rate} or work‘, rotae 
ction suitable: j‘fo'r "the:- terracing ‘action. may: 
alsoinsuit-cthe?abrasive; action,‘i sofithat there 
is a substantial rnetpg’ain; in rate of, grinding 
froniixi employing v{terracing5 : action 1 in; ;.the' 
ma'ibrE-partoftheworkéj. ‘ ‘ 

ing a5 concaveelenspas shown-implanfin. Fig.“ 
_7. itslaxis, shouldloe displaced slightly. :inathe 
otherazdir'ectionz'z from theasparallel ? pl'anei i of 
the axis; of‘; theasw'ork: uspindle’,"> ao'ra slightly 

55 [above 1'thegp'lane=.of¢ the work spindle axis in 
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the eposiltionz of.>the.::parts» shown-,.~ soyithat :in 
this i- ‘casegterrace_;;grinding -. will take place? .as 
before; from the. periphery, ;of. the»; lens in; 
war‘diion; thesupperl" sideizofqthe .center ' .7 and 
.;;ordinary£_iabrasiveéactionl will-take place'i'be'l 
low .Ithezlens center: For such concave grind-v 
in g, 2' the sedge?v of: the grinding annulus . may 
be forined’; abouteas: shown; rill? Fig.’ so‘ {that 
on the portion of the surface ground by the 
outer face of the grinding wheel an abrupt 

step be formed and ‘the inwardly ex- " 
tendin edge or face of‘ the annulus will 
clear't e ground surface of the lens on this ' 
side of the center, contacting therewith only 
at the base of the step. .- With regard to the 
angle of the step-forming face or side of 
the grinding wheel, it should be noted that 
such angle, and the corresponding angle of 
the step to the ground surface, will be less, 
that is steeper, toward the periphery of the 
lens than the angle shown at the center in 
Fig. 7; and as the rotary movement of the 
lens gives the ‘highest velocity at and near 
the periphery where the step angle is best, 
and ‘material has to be ‘removed from a 
greater perimeter the somewhat excessive 
angle at the center is not ordinarily objec 

'_ tionable. .‘By using wheels of suitable di 
ameter any excessive angle may be-readily 
guarded against. . > - 

~ - It will be understood that the vertical ad 
justment of the swiveled or swinging sup 
port for the grinding wheel by the means in 
dicated at‘é in Fig. 8 provides for setting 
the wheel axis slightly above or below- the 

. work spindle (axis as and for the purpose 
a above described. 

grinding operation, yet the grinding of 
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_ It is to be understood that while terrac-i I 
mg action increases the rapidity of the' 

95 
curved surfaces by the means and in the . _ 
manner illustrated may be accomplished 
withoutte'rracing, in which case the rate of 
rotation of the work may be faster and the 
.depth of cut desirably less. - 

With the grinding wheel set as shown in 
,Fig. 5 for grinding a truly plane surface, 
the axis of the grinding wheel must of 
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course be parallel with the work spindle . 
axis, and in suchcase the depth of out can 
:not be made greater on one side of the cen- I 
»ter of the glass disk than on the .other. 
vPlane surface grinding with such apparatus 
~>-may,_.-however, _be accomplished by merely 
'lcausing a relatlve traversing movement be 
wtween ‘the abrasive wheel and the work in a 
wdireotion parallel with the plane of the an 
nular: edge of the wheel, and the whole ac 
tion would then be terracing action. 

,- '= Another way of grinding, a convex lens 
:‘and one which is specially suitable for 

or cup-shaped wheel 30 mounted with the 
"wheel axis a.—b and'the axisof rotation of 
the work in‘a common plane, and the glass 
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wgrinding a. deep convex curve is illustrated -' 
yin Fig. 9. As shown in this ?gure, the 
=..>grinding is done by means of a cylindrical 

120 

, disk 31 to be ground is carried ‘by a vspindle - 
32 which is mounted to swing about an axis 0 

spindle axis and thegrinding wheel axis lie, 
and intersecting the spindle axis at a point 
which. is the center of the spherical surface 
to be ground. ‘ . . 

A convex lens surface may be ground in 

"at right angles to the plane in which the 125. 

m 
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this manner in accordance with the terrac- 
ing method, and for terrace grinding the an 
nular edge of the cylindrical grinder should 
be shaped back from the active outer side 

5 so as to clear the ground surface, as herein; 
before explained. The side of the terrace 
formed on the glass is substantially square 
to the ?nished or ground surface of the lens, 
or to the shifting tangent throughout the op 

10 eration, but is square to the original flat sur 
face of the disk only at the end of the op 
eration at the center of the lens where the 
depth of the step is relatively small. lathe 
early stages of the operation, the original 

15 surface of the disk forms, as will be seen, 
an acute angle with the side of the step, and 
the consequent fragility of the side of the 
step here facilitates removal of the glass ‘by 
splintering and enables the wheel to attack 

20 ‘successfully a deeper step than it otherw1se 
(could. 

The work spindle is swung slowly about 
to carry the work past the grinding edge of 
the wheel, preferably so that the grinder at 

25 tacks ?rst the periphery of the disk and 
grinds inward toward the center. In so 
grinding the work spindle may be rotated 
much faster than in grinding 1n the ways 
illustrated in Figs. 2 to 8 since the ‘rotation 

30 of the Work has merely the effect of increas-v 
ing or decreasing, according to the direction 
of such rotation, the speed of the relative 
movement between the face of the step and 
the grinding face of the wheel. Usually the 

35 work spindle is rotated in the direction to 
cause the work at the place of contact with 
‘the grinding wheel to move in, the opposite 
direction to the wheel, and at a compara 
tively slow speed, as, for example, about 100 

40 revolutions er minute for grinding a glass 
disk one inc 1 in diameter. 

It is found, however, that in this way of 
shaping a curved surface, as shown in Fig. 
9, the terracing method has not the same 

45 relative advantage over ordinary abrasive 
action as it has in other ways of operating; 
and especially where the radius of the 
spherical surface to be formed is relatively 
small, it is difficult to retain the sharp cor- ' 

50 neron the edge of and the clearance on the 
end of the abrasive wheel which are neces 
sary for true terracing action, and it‘ is 
‘found that almost as much glass maybe 
removed in a given time in such case with 

55 ordinary abrasive action. This is probably 
due largely to the fact that the heat gen 
erated 1n grinding is distributed around 
the step by the rotary action of the work, 
this tending to lessen the splintering action 

60 desirable in terrace grinding. 
It will be apparent that in all the means 

shown and ways illustrated for grinding 
glass, when operating in accordance with 
my terrace grinding method the abrasive 

aeoreae 

or (grinding wheel forms a step on the glass 
an , moving at high speed longitudinally 
of the step, attacks continuously the side or 
face of the step so that particles or splint 
ers separated from the glass are free to 
escape. Particles of glass are thus detached 
and thrown oif without being wholly ground 
to powder, and because of this the time taken 
in removing material is reduced and the rate 
of grinding increased and the. wear on the 
grinding wheel lessened. The method per? 
mits, as has been pointed out also, and for 
best results calls for, a high surface speed 
of the grinding wheel. It should also be 
noted that the traversing movement ,be 
tween ‘the glass and the grinding wheel 
transversely of the grinding edge of the 
wheel and of the step formed in the glass 
is a relatively slow movement. 
As before stated, a surface speed of the 

grinding wheel of about 5000 feet per 
minute has usually been found most satis 
factory. this being a safe working limit for 
the arti?cial abrasive wheels such as are 
usually most desirable, and being about the 
speed which is consideredthe best practice 
in the case of grinding metals 'with'abrasive 
wheels. Such s eed is much in excess of 
what has been eretofore commonly used 
‘for grinding glass with abrasive wheels. 
On the other hand, the surface speed of the 
work, or- the relative speed of movement 
between the work and the grinding wheel 
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inthe direction transversely of the edge of ~ 
the latterhis far lower than is usual in metal 
grinding and less than is usual in grinding 
glass by the ordinary methods. 
ample, in grinding the edges ‘of certain 
lenses or glass, disks, the depth of cut is 
usually best about two hundredths of an 
inch, and the surface speed of the work 
across the grinding edge of thewheel' only 

- about 5 or 6 inches per minute; and this is 
also a suitable speed in grinding plane sur 
faces of glass with a cup-shaped wheel and 
using a similar'depth of cut. Where, how 
ever, the depth of cut is less, or the contact 
surface of the wheel with the work is less, as 
in the case of grinding a plane surface with 
the edge of a disk wheel and using repeated 
traverses of the wheel, the surface speed 
of the work relatively to the'wheel may be 
corresplondingly increased. ‘And in grind 
ing sp erical surfaces by means of a cylin 
rical ‘cup wheel, in accordance with my 
terracing method, Where the wheel sweeps 
continuously over the center of the glass, 
and at this. point the terracing vanishes, it 
is impossible to have a" deep cut, and it, is 
necessary to compromise by running the‘ 
work ‘faster in' order to obtain an efficient 
rate of grinding. In such a case a lens of 
2‘inches diameter may be rotated at about 
'60 revolutions per minute, and the feeding 
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movement between the work and‘ the grind 
ing wheel may be at about .002 to .005 inch 
per revolution of the work. As will be 
gathered from the above, the thickness of 
the steps or terraces ground away, that is, 
the rate of feed, may vary quite largely. 

Arti?cial abrasive wheels of a suitable 
degree of softness have been found most 
desirable-for most grinding in accordance 
with my tel-racing method, but the method 
is of course not to be limited to the use of 
such wheels, and other suitable, grinding 
wheels may be employed. For example, in 
grinding curved surfaces of very small 
radius with a cup-shaped grinding wheel, 
it has been found desirable to use a diamond 
charged tubular metal'cutter, or grinder, 
since an ordinary abrasive wheel of suitable 
small diameter would not ‘have su?icient 
durability. In using arti?cial abrasive 
wheels, it is most desirable that the bond 
holding the abrasive particles should be 
such as to hold the same with such a degree 
of tenacity that the wheel shall be what ,is 
ordinarily called “soft,” so that when the 
particles of abrasive become somewhat 
blunt in use they may break out and expose 
fresh cutting particles. This is the com 
mon action of such abrasive wheels, but in 
grinding glass in accordance with the pres 
ent method it is desirable to use wheels con 
siderably softer than those which are best 
for grinding'metal, and it is found desir 
able also to select wheels of degrees of soft 
ness to suit different kinds of glass, and 
generally the faster the work is crowded 
on the wheel the harder the wheel should be. 

It is desirable that the grinding wheel and 
work be kept, cool by means of water or other 
suitable cooling agent, as usual in grinding 
operations. For this purpose, I direct by 
suitable means such as the nozzle shown at 2' 
in Fig. 1 or at 11' in-Fig. 5 a jet of cooling 
liquid on to the active side or face of the 
wheel at a point near the wheel axis where 

_ its velocity is low, the jet being directed in 
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‘the direction of rotation of the wheel. The 
liquid is thus supplied to the Wheel without 
splashing and spreads by centrifugal action 
outwardly to the active edge of the Wheel. 
Any suitable cooling liquid or lubricant may 
be used for this purpose. 
The speci?c method which has been de' 

scribed in connection with Figs. 4, 5 and 6 
and the apparatus shown in these ?gures is 
not claimed herein as this method and cer 
tain features of this apparatus constitutes 
the subject matter of my divisional applica 
tion Serial No. 420,077, ?led October 28, 
1920. The method of grinding which has 
been described in connection with Fig. 9 is 
not speci?cally claimed herein as it forms 
the subject matter of my divisional appli 
ggtiam Serial No. 420,076, ?led October 28, 
2 . 

“That is claimed is: 
1. The method of grinding glass and like 

hard, non~plastic materials, which comprises 
applying to the material the edge of a rap 
idly rotating abrasive wheel, and so setting 
and so traversing said wheel relative to the 
original surface of the material that a step 
in said surface with its side at an angle not 
exceeding 110° to such surface is formed and 
ground continuously backward, the depth of 
the step and the rate of traversing being 
such that a substantial proportion of the 
glass removed is removed by splintering the 
side of the step‘. 

2. The method of grinding glass and like 
hard, non-plastic materials. which comprises 
applying to the material the edge of a rap 
idly rotating abrasive wheel, and so setting 
and so traversing said wheel relative to the 
original surface of said material that an ab 
rupt step in such surface is formed and 
ground continuously backward while the 
abrasive wheel contacts with the surface 
formed only at the base of the step, the 
depth of the step and the rate of traversing 
being such that a substantial portion of the 

_ glass removed is removed by splintering the 
side of the step. 

3. The method of grinding the peripheral 
face of a body of glass or like hard, non 
plastic material, which comprises rotating 
the body of glass while applying to its pe 
ripheral face the circular edge of a rapidly 
rotating abrasive wheel, and so setting said 
wheel relative to'the original peripheral face 
of said material that an abrupt step in such 
face is formed and ground continuously 
backward by the rotation of the body, the 
depth of the step and the rate of rotation of 
the body being such that a substantial por 
tion of the glass removed is removed by 
splintering the side of the step. 

4. The method of grinding the peripheral‘ 
face of a body of glass or like hard, non 
plastic material, which comprises rotating 
the body of glass while applying to its pe 
ripheral face the circular edge of a rap 
idly rotating abrasive wheel, and so setting 
said. wheel relatiyie to the original peripheral 
face of said material that an abrupt step in 
such face is formed and ground continuously 
backward by the rotation of the body and‘ 
that the plane of the circular grinding edge 
is tangential to the surface formed upon the 
body, the depth of the step and the rate of 
rotation of the body .being such that a sub 
stantial portion of the glass removed is re 
moved by splintering the side of the step. 
In testimony whereof I'have hereunto set‘ 

my hand in the presence of two subscribing 
witnesses. 

WILLIAM TAYLOR. 
Witnesses: 

ARTHUR PIERCE, 
DOROTHY Fosrnn. 
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