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{571 ABSTRACT

Pieces of flat glass are -cut to desired size without the
necessity of grinding to size and polishing. Edges of
the piece are cut in accordance with a procedure in-
volving the use of a large-diameter scoring wheel at a
greater-than-usual applied pressure, to produce a sub-
surface crack that is substantially free of serrations,
followed by the application of a bending moment
about the crack to propagate a fracture in the piece of
glass. Light seaming of the top and bottom portions of
the edges completes the preparation of these edges.

21 Claims, 13 Drawing Figures
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1
SUBSURFACE CRACKS

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to glass articles and to a
method and an apparatus for producing said glass arti-

cles, and in particular, for the manufacture of architec-

tural panels, furniture tops and other relatively thick
glass articles, for example, in excess of. 10 millimeters
(especially in the range of 18 to 36 millimeters or
above), having dimensions such as 4 meters by 8 me-
ters.
2. Description of the Prior Art
In the manufacture of architectural-glass panels and
furniture tops of the kind indicated above, it has hith-
erto been common to obtain panels of a desired size by
hand scoring and mechanical snapping of the edges of
the glass to yield a piece somewhat greater in its dimen-
sions than the final size desired, followed by finishing
operations, such as the grinding of the cut edges of the
piece to the desired size and the polishing of the ground
edges. The grinding and polishing are time-consuming
and costly operations, but they have hitherto been con-
sidered necessary, particularly in cutting glass sheets of
substantial thickness. - ' :
It is important architectural panels exhibit adequate
edge strength. When tested in accordance with the con-
ventional beam-loading test, the ground:and-polished
edges of a 4-meter by 8-meter sheet, approximately 18
millimeters thick, produced by a process including the
steps of normal scoring, snapping, grinding and polish-
ing, exhibit strength values such as about 4.6 to 4.9 kil-
" ograms per square centimeter. Panels exhibiting values
substantially lower than about 4 kilograms per square
centimeter are noticeably more susceptible to break-
age.
U.S. application Ser. No. 57,574, filed July 23, 1970,
and U.S. application Ser. No. 68,735, filed Sept. 1,
" 1970, both by Robert P. DeTorre, disclose a trimming
procedure that involves the application of a surface
deep score under relatively high pressure by a large-
diameter, blunt scoring wheel, followed by the propa-
gation of the score into a fracture and a light seaming
operation on the top and bottom portions of the edges
of the glass so cut. '

SUMMARY OF THE INVENTION

According to the present invention, a glass article is
produced having a top surface, a bottom surface and a
cut edge extending therebetween in a direction sub-
stantially perpendicular to the top surface and the bot-
tom surface. The cut edge contains two markings, each
of which is substantially parallel to the top and bottom
surfaces. The area between the markings is substan-
tially free of serrations. The markings are adjacent to
one of the surfaces and are indicative of the extent of
a subsurface crack that was placed in the glass article
to cut the article along the edge. Light seaming re-
moves sharp corners between the edge and each of the
major surfaces and it also removes the markings.

As used in this application, the terms “subsurface
crack” or “‘subsurface score” refer to a discontinuity
such as a crack or score, respectively, that is within the
thickness of the piece of glass and does not extend to
a major surface of the piece. The term “subsurface
crack” refers to a discontinuity in the piece of glass
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without substantial serrations. The term “‘subsurface
score” refers to a discontinuity in the piece of glass
with serrations. The term “subsurface discontinuity”
includes ‘‘subsurface cracks” and “subsurface scores.”

In accordance with the present invention, a glass arti-
cle is produced by a process and an apparatus which
avoids the use of grinding to size and edge polishing.
The process includes the imposition of a subsurface
crack along an intended path of cut into the piece of
glass and the projection of the crack deeper into the
thickness of said piece by a separate, non-simultaneous
step, such -as the application of a bending moment
about the crack. Prior to the creation of the crack, a
surface defect is placed in the piece of glass on the in-
tended path of cut at a location where the crack is to

‘initiate. The apparatus for producing the subsurface
_crack consists of a large-diameter scoring wheel, such

as, for example, at least approximately 12 millimeters,
and preferably between approximately 19 and 100 mil-
limeters, in diameter, having a blunt cutting angle, such
as, for example, between approximately 155° and 170°
at high forces, such as, for example, approximately 80
kilograms to approximately 460 kilograms, and even
greater. This is at least two to three times the forces
used in surface deep scoring. Relatively light seaming
of the top and bottom portions of the cut edge yields
cut edges that are substantially as strong as conven-
tional ground-and-polished edges and edges produced
by a surface deep-scoring process. In addition, less
seaming is required in a cut edge that is produced using
a subsurface crack than in an edge that is produced by
a surface deep score, due to the absence of wing in sub-
surface cracks.

Accordingly, it is an object of the present invention
to produce cut edges that are smooth, strong, straight,
pristine and perpendicular to the major surfaces of the

" piece of glass.
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It is a further object of the present invention to pro-
duce such edges while avoiding the use of grinding and
polishing. :

It is a further object of the present invention to pro-
vide a method and apparatus for cutting all glass, and
in particular, glass in excess of approximately 10 milli-
meters in thickness by a relatively uncomplicated pro-
cedure that involves the application of a subsurface
crack, followed by a bending moment about the crack

" and a small amount of seaming.
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It is a further object of the present invention to pro-
duce a cut edge that is at least equal in quality to those
produced by surface deep scoring, with a lesser amount
of seaming.

It is a further object of the present invention to find
a practical means for generating a continuous crack
that will weaken a sheet of flat glass to the extent neces-
sary so that it may be severed without incurring surface
crushing or edge damage.

It is a further object of the present invention to pro-
duce a cut edge at relatively high speeds, such as ap-
proximately 2 meters per second.

DESCRIPTION OF THE DRAWINGS

A complete understanding of the following invention
may be obtained from the foregoing and following de-
scription thereof, taken together with the appended
drawings, which are not drawn to scale unless noted,
and in which:
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FIG. 1 is a diagrammatic view of a scoring apparatus
applying a subsurface discontinuity to a piece of flat
glass;

FIG. 2 is a vertical cross-sectional view of a cutting
wheel used to produce subsurface scores;

FIG. 2A is a vertical cross-sectional view of a cutting
wheel used to produce subsurface cracks according to
the present invention;

FIG. 3 is an enlarged end view of the subsurface dis-
continuity;

" FIG. 4 is an enlarged end view of a surface deep
score;

FIG. 5 is an elevation view of a snapping apparatus
in position to apply a bending moment about the sub-
surface discontinuity;

FIG. 6 is an elevation view of an edge of a piece of
glass cut in accordance with a procedure that utilizes
a wheel with a relatively large amount of friction be-
tween the wheel and its holder;

FIG. 7 is an enlarged view of the encircled area in
FIG. 6; _

FIG. 8 is an elevation view of an edge of a piece of
glass cut in accordance with surface deep-scoring tech-
niques; : .

FIG. 9 is an enlarged view
FIG. 8;

FIG. 10 is a diagrammatic view of a piece of glass
with a subsurface score made by a cutting wheel with
a relatively large amount of friction between the wheel
and its holder;

FIG. 11 is an elevation view of anedge of a piece of
glass cut in accordance with the present invention,
using a wheel with a relatively small amount of friction
between the wheel and its holder; and

FIG. 12 is a schematic view of an edge or corner por-
tion of a piece of glass being seamed.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, an apparatus 12 is shown apply-
ing a subsurface discontinuity 10, such as a subsurface
crack or score, to a céntral portion of a piece of glass
G along an intended path of cut and in a direction 15
that is substantially parallel to top surface 37 and bot-
tom surface 76, while the glass is supported on a table
T. At least a substantial portion of discontinuity 10 is
spaced from top surface 37 and bottom surface 76
along the length of discontinuity 10. Apparatus 12, in-
cluding a scoring or cutting wheel 14, is shown moving
from one-end of glass G to the other end in the direc-
tion of arrow 15 to apply the subsurface discontinuity
10. Wheel 14 may have a central axle hole 24, such as
high friction wheel 14'in FIG. 2, or, in accordance with
the present invention, it may have an integral shaft 24,
such as low friction whee! 14’ in FIG. 2A.

One skilled in the art will appreciate that there are
many commercially available devices for housing scor-
ing wheel 14. It is well known, for example, to supply
the necessary scoring pressure to a cutting wheel by
means of a fluid pressure such as air or hydraulic fluid.
Further, U.S. application Ser. No. 128,384, filed on
Mar. 26, 1971, by David A. Bier, suggests that a cutting
wheel may be actuated by a constant-reluctance motor
means. Any suitable means may be used to supply the
load to wheel 14,

A permanent indentation 11 is created in top surface
37 by the wheel 14 directly above discontinuity 10. In-

of the encircled area of
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4

dentation 11 may be approximately 0.001 millimeter
deep and approximately 0.015 millimeter wide. There
are two theories relating to the creation of indentation

11. The first theory is that there is plastic flow of the

glass from one area to another without any change in
total volume of the glass. The second theory is that the
glass is compressed or densified with the total volume
of the glass being reduced. Theoretically, if the glass is
densified (second theory), the index of refraction of
the glass will be altered, but if the glass flows plastically
(first theory), the index of refraction will not be al-
tered. Experimental results indicate that the index of
refraction, immediately beneath indentation 11, is ap-
proximately 5 percent higher than that of normal glass.
This tends to favor the theory that densification occurs
beneath the indentation 11, but it does not eliminate
the possibility that there is a small amount of plastic
flow in combination with densification. However, plas-
tic flow requires deformation in shear, which necessar-
ity involves the breaking of interatomic bonds, and
those skilled in the art will recognize that this phenom-
enon cannot occur in a covalent material, such as glass,
unless the material is strained at a temperature from
one-half to two-thirds of its melting point. In the pres-
ent case, there is no reason to suspect that the glass is
heated to such a degree. In addition, where densifica-
tion occurs in the glass, tensile stresses are created to
assist in severing the glass. ‘

Referring to FIG. 2, there is shown a detailed view of
a high friction cutting or scoring wheel 14’ that may be
used to produce a subsurface score. Wheel 14" is made
of tungsten carbide or other suitable material of hard-
ness of about 7 or more ‘on Mohs’ scale and having a
radius in excess of approximately 6 millimeters, and
preferably within approximately 9 to approximately 50
millimeters. The base angle, i.e., the angle between the
two sides 16 and 18, if extended, is about 120° and the
angle between the sides 20 and 22 (hereafter referred
to as the cutting angle) is between approximately 155°
and approximately 170°, with approximately 165° pro-
viding best subsurface scores. With cutting angles less
than approximately 150°, defects such as spall and wing
may occur. The term “spall” may be defined as a chip
or flake out of the edge of the piece of glass. The term
“wing’’ may be defined as a lateral crack on either side
of a score line, projected outward under the glass sur-
face by the action of a scoring tool. With cutting angles
between approximately 150° and approximately 155°,
surface deep scores are generally produced. If the cut-
ting angle is greater than approximately 170°, it is ex-
tremely difficult to produce any discontinuity beneath
the apex 27 of the wheel 14'. If pressure is applied to
a wheel 14’ having a cutting angle greater than approxi-
mately 170° until the glass fails, the failure will gener-
ally occur adjacent to the point where side 16 meets
surface 20, or side 18 meets surface 22. This is proba-
bly due to the fact that cutting angles in excess of ap-

proximately 170° merely place the glass in compression

along the entire width of surfaces 20 and 22.

The wheel 14" is shown with a central axle hole 24
which functions as a means for rotatably mounting said
wheel on a shaft that is passed through the axle hole 24.
Hole 24 may be, for example, 2.4 millimeters in diame-
ter. With such a setup, there may be a relatively large
amount of friction between the cutting wheel and its
holder, and for this reason, this type of wheel is re-
ferred to herein as a ‘“‘high friction wheel.”
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Referring to FIG. 2A, there is shown a low friction
wheel 14" for producing subsurface cracks in accor-
dance with the present invention. Wheel 14" is identi-
cal to wheel 14’ except that wheel 14’’ has an integral
shaft 24’ instead of a hole 24. The shaft 24’ may be
mounted in bearings, such as ball bearings 29, to mini-
mize, or even eliminate, friction between the wheel and
its holder. For this reason, this type of wheel is referred
to herein as a “low friction wheel.” As discussed here-
inbelow, a low friction wheel has more of a tendency
to roll than does a high friction wheel. This reduces the
tensile stresses immediately behind the wheel to mini-
mize, or even eliminate, unwanted circular fractures.

Wheel 14’ may be, for example, 19 millimeters in
diameter and urged into contact with-a piece of glass
G that is approximately 19 millimeters thick at a force
of approximately 175 kilograms, to produce a subsur-
face crack that starts approximately 0.01 millimeter
from the top surface 37 of glass G and extends for ap-
proximately 2 to 2.5 millimeters into the thickness of
glass G. Cracks so produced correspond to the in-
tended location of the edge of the finished piece. To
guide apparatus 12, 2 straight-edge member may be se-
cured to the glass G as is conventional in prior-art scor-
ing.

Although a preferred embodiment of the present in-
vention incorporates a cutting wheel or disc, other
means will become apparent to carry out the present
invention. For example, one may wish to construct a
member that comprises a continuous 'chain forming a
curved cutting edge rather than a wheel. It would still
be necessary to maintain both the blunt cutting angles
and the high pressures described herein. It is also nec-
essary to maintain the effective radius of the continu-
ous chain within the above-mentioned range. For ex-
ample, continuous chain could take the path of an oval,
but the radius of the oval at the point of contact with
. the chain and the glass (effective radius) should be
within the same range as the radius (or effective radius)
of a cutting wheel.

It is important to note the importance of orienting
wheel 14 such that it is substantially perpendicular to
the surface of the glass to be cut. A subsurface disconti-
nuity generally extends in the same direction as the cut-
ting wheel. Therefore, if the cutting wheel is not per-
pendicular to the glass surface, the resultant subsurface
discontinuity will not be perpendicular. Referring to
FIGS. 2 and 2A, angles A and B indicate the angles be-
tween the cutting wheel and the glass surface. With a
cutting wheel having a cutting angle of 165°, it is pre-
ferred that angle A and angle B be maintained at 7.5°

Referring to FIG. 3, there is shown a partial view,
greatly magnified, of a surface 35 that is formed when
the piece of glass G has been severed along dashed line
36 in FIG. 1 by running a cut. It should be understood
that in a normal cutting operation, the glass is not sev-
ered along line 36. This is only done to illustrate’ a
means for detecting a subsurface discontinuity. Subsur-
face discontinuity.10 is located directly beneath the
path of wheel 14, starting, for example, at approxi-
mately 0.01 millimeter below the top major surface 37
of glass G and extending in a direction that is substan-
tially perpendicular to surface 37 for approximately 2.5
millimeters. Mark 38 is peculiar to the inner section of
a severed surface 35 with a subsurface discontinuity. It
should be understood that mark 38 is not a crack, but
merely a slight ridge, caused by a fracture propagation
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from two different locations. The term ““Wallner lines”
is used in the art to describe lines on a severed surface
that indicate the direction of fracture propagation as a
cut in run. Wallner lines 40, 42, 42', 44, 44" and 46 in-
dicate that discontinuity 10 does not extend entirely to
the top major surface 37 of the piece of glass G, as de-
scribed more fully hereinbelow.

FIG. 4 is a view similar to FIG. 3, showing how a sev-
ered surface 35’ would look if a surface score 10’ were
placed in a piece of glass G’, and the piece were then
severed by running a cut along a plane that is perpen-
dicular to score 10’. Wallner lines similar to those
shown at 50, 52, 54 and 56 will extend across surface
35’. There is no mark (such as mark 38 in FIG. 3), and
this indicates that the severed surface includes a sur-
face score. Note that Wallner lines 50, 52, 54 and 56
bow toward the bottom right of glass G’ and the top
portion of each Wallner line is farther to the right than
the bottom portion. This indicates that a fracture was-
run from left to right and from top to bottom by a bend-
ing moment about the top major surface 37" of the glass
G’ to place it in tension. o ‘

It is apparent that the Wallner line pattern in FIG. 4
is significantly different from the Wallner line pattern
in FIG.. 3..In FIG. 4, the fracture propagation starts at
50 and moves from left to right. The pattern is similar
in FIG. 3 at the start of fracture propagation, as evi-
denced by Wallner line 40. When the propagation in
FIG. 3 reaches subsurface discontinuity 10, the original
single Wallner line splits into two independent lines 42
and 42'. This is because some of the propagation oc-
curs between the top major surface 37 of the piece of
glass G and the uppermost portion of subsurface dis-
continuity 10, and some of the propagation occurs be-
tween the bottommost portion of subsurface disconti-
nuity 10 and the bottom major surface (not shown in
FIG. 3) of the piece of glass G, as illustrated by Wallner
lines 42 and 42, respectively. After both fronts have
traveled around the subsurface discontinuity, they ap-
proach each other, as at 44 and 44', meet at mark 38,
and merge to form a single front, as indicated by Wall-
ner line 46. Wallner line 44 is in a plane that is slightly.
offset from a plane in which Wallner line 44’ is located.
As a result, where Wallner line 44 meets Wallner line
44’, there is a slight protrusion which has been shown
as mark 38. By the time the fronts have progressed to
Wallner line 46, they have merged into a single front in
a common plane. In contrast, the Wallner lines in FIG.
4 do not split at score 10, because score 10’ contacts
the surface 37' of the glass.

Experience indicates that mark 38 is always present
in a subsurface discontinuity, such as a score or crack,
pointing in the direction of fracture propagation. This
provides a means for establishing whether or not a dis- -
continuity is a subsurface discontinuity or a surface dis-
continuity. It also provides a method for establishing
the direction of fracture propagation where one is sev-
ering in a plane that intersects a subsurface discontinu-
ity.

Referring to FIG. 5, there is shown an elevation view
of a snapping apparatus 60 in position to apply a bend-
ing moment about subsurface discontinuity 10. The ap-
paratus may consist of two top anvils 62 and 64, and a
bottom anvil 66. Glass G may be placed upon a table
so that a portion of the subsurface discontinuity 10
overlaps the table. A bending moment may be applied
at the end of the piece of glass G that overlaps the table
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to run a cut along the subsurface discontinuity 10. It is
sometimes difficult, especially with pieces of glass that
are relatively long and thick (such as 19-millimeter
thick glass in‘excess of 3 meters in length), to run a cut
in a manner described. Under such circumstances, a
narrow member or plate, approximately 12 millimeters
in width, may be placed between the glass and the ta-
ble, directly beneath the subsurface discontinuity 10.
This places the top surface of the piece of glass in ten-
sion along the discontinuity and reduces the energy
necessary to run a cut along the entire length of the
piece. Cut edges are produced that are smooth, strong,
straight, pristine and perpendicular to the major sur-
faces of the piece.

After the glass has been snapped, there may be con-
ducted an inspection to determine the quality of the cut
that has been opened. In the inspection along the cut
edge, looking perpendicularly to the cut edge, it is cus-
tomary to see a pattern such as that indicated in FIG.
6; when a high friction wheel 14’ has been used. The
top surface of the glass is there designated with the nu-
meral 37 and the bottom designated with the numeral
76. A short distance below top surface 37 is seen a
marking 72 and a marking 74 which indicate the extent
of the subsurface score caused by the cutting wheel
14'. The marking 72 is generally approximately 0.01
millimeter from the top surface of the glass (this has
been exaggerated in FIGS. 6 and 7), and the marking
74 may be approximately 0.5 to 4 millimeters from the
marking 72, or even more. FIG. 7 is a magnified view
of the encircled portion of the cut edge shown in FIG.
6, further illustrating markings 72 and 74 and showing
the serrations 73 therebetween. Note that each serra-
tion 73 approximates a quarter of a circle and markings
72 and 74 each approximate a straight line that is paral-
le! to top surface 37 and bottom surface 76.

Referring to FIG. 8, there is shown a cut edge of the
piece of glass G’ that was severed with a surface deep
score. The piece of glass G’ has a top surface 37" and

‘a bottom surface 76'. A surface deep score 10’ extends

from top surface 37’ to marking 74'. FIG. 9 is a magni-
fied view of the encircled portion of the cut edge in
FIG. 8, further illustrating marking 74’ and showing
serrations 73'. Each serration 73’ approximates a semi-
circle. Note that marking 74 is a substantially straight
line while marking 74' is jagged. This is significant
since- it is often necessary to do additional seaming to
remove some of the longer points from marking 74'.
Additionally, with surface deep scoring, the serrations
protrude from the glass by approximately 0.25 to 0.5
millimeter, while the serrations in subsurface scores are
only about one-half of that amount, or approximately
0.125 to 0.25 millimeter. Finally, as described more
fully hereinbelow, long wings develop in surface deep
scoring when extremely large-diameter wheels are
used, but they do not develop in subsurface scoring.
For these reasons, subsurface deep scores require sub-
stantially less seaming than do surface deep scores.

It should be emphasized that with wheel 14’ there is
a relatively large frictional force between the wheel and
its holder. Using a wheel with an integral shaft 24’ and
ball bearings 29, such as wheel 14"’ in FIG. 2A, elimi-
nates most of the frictional force between the wheel

and its holder. This produces a subsurface crack that is .

of even higher quality than a subsurface score, since
serrations are substantially eliminated. '
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Referring to FIG. 10, there is shown a view of a sub-
surface score 10’ made with a high friction wheel 14’
in a piece of glass G. Indentation 11 has been omitted,
and score 10’’ and defects 70 have been exaggerated
for the sake of clarity. These defects are caused by the
high friction between the wheel 14’ and its holder.
With the higher friction, there is a tendency for the
wheel to slide rather than roll. This increases the com-
pressive stresses immediately in front of the wheel and
the tensile stresses immediately after the wheel. The in-
creased tensile stress causes small circular fractures,
such as defects 70, to be formed. With a wheel, such as
wheel 14'', having a low frictional force between itself
and its holder, the tendency for the wheel to slide is
minimized. This reduces the tensile stress behind the
wheel and defects 70 do not appear. If the speed of ad-
vance of the low friction wheel is increased, for exam-
ple, to at least approximately 1 meter per second for
wheels having a diameter of 12.7 millimeters, or 2 me-
ters per second for wheels having a diameter of 100
millimeters, or if forces in excess of those listed in
Table B are used, it is likely that a surface score will re-
sult from the low friction wheel.

Referring to FIG. 11, there is shown a cut edge of a
piece of glass G'' that was severed with a subsurface
crack, using a low friction wheel, such as wheel 14" 1t

should be noted that a surface defect, such as a hand

nick, should be placed in the glass along the intended
path of cut before the subsurface crack is initiated. This
functions as a starting point for the subsurface crack.

The edge illustrated in FIG. 11 is similar to the one
shown in FIG. 6, the only difference being that area
73" is smooth, with little or no serrations between
marking 72'’ and marking 74'’ in FIG. 11. This is be-
cause it is the circular defects 70 appear to cause the
serrations, and when circular defects 70 are eliminated,
the serrations are also eliminated.

The low friction wheel 14’ would appear to be more
desirable than the high friction wheel 14’, since the low
friction wheel produces a cut edge with no serrations
at a speed approximately four times that of a high fric-
tion wheel. However, it should be noted that all subsur-
face scores and cracks must be initiated at a'surface of
the glass. With a subsurface score made with high fric-
tion wheel 14’, defects 70 function as the starting point
for the score. When there are no defects 70, such as
with a subsurface crack, it is necessary to place a sur-
face defect in the glass to initiate the subsurface crack.
Since the defects 70 with a high friction wheel may be
kept small (and easily removed with light seaming), this
type of wheel is preferred unless high scoring speeds
are necessary, such as in the “on-line” scoring of a con-
tinuous ribbon of glass.

The fact that serrations 73’ protrude from the edge
of the piece of glass in FIG. 8 about twice the amount
of serrations 73 in FIG. 6 makes the edge shown in FIG.
6 more desirable than the edge shown in FIG. 8. Fur-
ther, the lack of serrations 73’' makes the edge in FIG.
11 even more desirable. The fact that cut edges shown

“in FIGS. 6 and 11 were made with subsurface disconti-

nuities is significant in itself, since cutting oil and heal-
ing are eliminated with subsurface discontinuities. But
if one obtains a discontinuity having the physical char-
acteristics of the score shown in FIG. 6 or of the crack
shown in FIG. 11, except that the discontinuity inter-
sects the surface of the piece, it is still preferable to the
score shown in FIG. 8. It is important that a score or
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crack be of suitable quality such that a fracture may be
propagated with little or no edge damage to the piece
of glass so that seaming may be minimized. The edges
shown in FIGS. 6, 8 and 11 are all of such quality, but
serrations 73 require even less seaming than serrations
73', and area 73"’ requires even less seaming than ser-
rations 73.

With control of various parameters, such as wheel di-
ameter, cutting angle, force applied to the wheel, etc.,
it is possible to produce a crack or a score that is be-
neath the major surfaces of the glass. It should be kept
in mind, however, that there may be situations where
a crack or a score contacts a major surface of the piece
of glass, but retains the physical characteristics of a
subsurface crack or score, respectively.

U.S. application Ser. No. 68,305, filed on Aug. 31,
1970, by David A. Bier et al. discloses that in the cut-
ting of blanks, such as windshields, it is advantageous
to increase the depth of a score at the corners of the
blank. In such a case, subsurface cracks may be used
to outline the entire blank except for the corners where
a parameter such as speed may be changed to yield a
surface score, which weakens the glass to a greater €x-
tent, at the corners.

The inspection further comprises viewing the glass
vertically, i.e., in a direction perpendicular to the major
surfaces of the sheet of glass, to detect wing or undet-
cut defects. A satisfactory cut exhibits no such defects,
or, at the worst, ones so minor.as to be removed during
a subsequent seaming operation.

As used in this application,-the term “subsurface
score” refers to the area between marking 72 and
marking 74 in FIGS. 6 and 7. The term “subsurface”
refers to the area between marking 72'’ and marking
74'" in FIG. 11. The term “fracture” refers to the area
marking 74 and the bottom surface 76 in FIG. 6, or a

similar area in FIG. 11.

- As a final step in the process of the present invention,
there is conducted a finishing, such as light seaming, of
only the upper and bottom portions of the edges of the
piece of glass so cut. This leaves a smooth edge with no
evidence of markings 72" and 74"'. There may be used,
for example, in FIG. 12 a hand held belt sander using
a belt 75 millimeters wide by 600 millimeters long. This
is a conventional operation, and it does not require fur-
ther elaboration or explanation. C

The result is that there is produced a finished piece
of glass that compares favorably in its edge strength to
similar pieces produced by the prior-art method of
rough cutting, mechanical snapping, grinding to size,
and then polishing. The pieces of the present invention
have edge strengths of about 4.4 to about 4.7 kilograms
per square centimeter in the conventional beam-
loading test, in comparison with strengths such as 4.6
to 4.9 kilograms per square centimeter for the prior-art
ground-and-polished pieces. Either will meet specifica-
tions on customary glazing installations. In achieving
the edge-strength values indicated above, the final lim-
ited seaming operation is important. Without the final
seaming operation, the edge strength is on the order of
3.8 to 4.0 kilograms per square centimeter.

As the glass becomes thicker, it becomes increasingly

difficult to produce with a cutting wheel of a given di-
ameter a subsurface discontinuity of the required depth
without causing a development of wing. This means
that with thicker glass, a larger cutting wheel should be
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used, and with thinner glass, the use of a somewhat
smaller cutting wheel is permissible.

The present invention utilizes a subsurface crack in
a process and an apparatus for cutting a glass article
that is, in many circumstances, superior to any known
in the prior art. First, in accordance with the present
invention, serrations are substantially eliminated to
minimize the amount of seaming necessary to finish the
edge. Second, the presence of significant wing is elimi-
nated. Third, the presence of glass chips that have here-
tofore plagued cutting processes is minimized and al-
most eliminated. This eliminates the necessity of re-
moving these chips and the surface damage to the glass
caused by the presence of the chips. Fourth, it has been
common to use cutting oil to protect a score from at-
mospheric moisture. With the present invention, since
the subsurface crack does not come in contact with the
atmosphere, there is no need to protect it from atmo-
spheric moisture and therefore no need to use cutting
oil. This eliminates the problem of removing the cutting
oil after the discontinuity has been applied. Fifth, a sub-
surface discontinuity does not heal when left standing,
as does a surface score. When a score heals, the stress
produced by the scoring action disappears and the cut
is more difficult to open. The present invention allows
one to place a subsurface crack in the glass and store
it for a period of time before snapping it. Sixth, subsur-
face cracks'may be produced in glass at relatively high
speeds. Finally, due to the fact that there is no surface
damage to the glass, the scoring wheel is subjected to
less of an abrasive action and wheel life is increased.

As is the case with surface scores, the depth of a sub-
surface discontinuity is directly related to the pressure
applied to the scoring wheel. As pressure is increased,
the depth of the subsurface discontinuity also in-
creases. However, for a wheel of any given diameter,
there is a practical limit to the amount of pressure that
can be applied. If too much pressure is applied to the
cutting wheel, excessive wing appears. By “excessive”
or “significant” wing, it is meant that a substantial
amount of seaming (more than about 6 millimeters) is
necessary to remove the wing. For example, with sur-
face scores, a normal cutting wheel of about 6 millime-
ters in diameter with a cutting angle of 160° has a maxi-
mum score depth of about 1 millimeter in 12-
millimeter glass at a force of about 18 kilograms. If the
force is increased, a crude fracture and significant wing
result without any increase in score depth. In order to
increase the depth of the surface score, without pro-
ducing significant edge defects, it has been necessary to
increase the diameter of the wheel. As the diameter of
the wheel is increased, it is possible to obtain a score
of greater depth by increasing the force applied to the
wheel. For example, a high friction cutting wheel hav-
ing a diameter of 19 millimeters, with a cutting angle
of 160°, will produce a surface score depth of about 2.3
millimeters with a force of about 80 kilograms, without
significant surface defects, if the wheel is moved at
more -than about 20 centimeters per second. If the
force alone is increased, the depth of the surface score
will not increase, and surface defects and perhaps a
crude fracturé will result.

With a high friction cutting wheel having a diameter
of 25 millimeters and a cutting.angle of 160°, a 90-
kilogram force will produce a maximum surface score
depth of 2.5 millimeters with no significant surface de-

» fects if the wheel is moved at more than 20 centimeters
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per second. With a high friction cutting wheel having
a diameter of 32 millimeters and a cutting angle of
160°, a force of 105 kilograms will produce a maximum
surface score depth of 3.1 millimeters without.any sig-
nificant surface defects if the wheel is moved at more
than 20 centimeters per second. In each of these cases,
increasing the applied force beyond the stated maxi-
mums creates surface defects that may be removed
“only with significant amounts of seaming, without any
increase in score depth. Note that each example states
that the wheel speed should be at least about 20 centi-
meters per second. At speeds less than this, subsurface
scores are produced. This probably occurs because the
abrasive forces on the glass are less at lower wheel
speeds. :

These results seem to indicate that the diameter of
the cutting wheel and the force applied thereto should
be increased indefinitely. It is to be noted, however,
that with surface scoring, as the diameter of the wheel
and the force applied thereto are increased, the length
of the wings also increases. This increases the amount
of seaming necessary to finish the edge. Ordinarily, it
is not practical to have to seam more than about 3 milli-
meters or perhaps, in extreme cases, 6 millimeters ina
direction that is transverse to the score. Using a cutting
wheel having a diameter of 32 millimeters with a cut-
ting angle of 160°, it is necessary to seam about 3 milli-
meters from the edge. This is the maximum amount
practical.

If a low friction cutting wheel 14'’ having a 165° cut-
ting angle and a diameter of 12.7 millimeters applies a
force of 115 kilograms to a piece of glass 19 millimeters
in thickness, a subsurface crack is produced that begins
approximately 0.01 millimeter from the top surface and
extends for approximately 2.0 millimeters into the
thickness of the glass if the wheel is moved at less than
about 1 meter per second. As the force is increased,
significant surface defects develop without any in-
crease in crack depth. If a low friction wheel having a
diameter of 19 millimeters'and a cutting angle of 165°
applies a force of 175 kilograms to a piece of glass 19
millimeters in thickness, it is possible to produce a sub-
surface crack that starts approximately.0.01 millimeter
from the’ glass surface and extends for approximately
2.5 millimeters if the wheel is moved at less than about
I meter per second. If a low friction wheel having a di-
ameter of 50 millimeters and a cutting angle of 165° ap-
plies a force of 275 kilograms to a piece of glass one
inch in thickness, a subsurface crack is created that be-
gins approximately 0.01 millimeter from the glass sur-
face and extends for approximately 3 millimeters if the
wheel is moved at less than about 1.6 meters per sec-
ond. With low friction wheels, surface deep scores and
sometimes spotty subsurface discontinuities are ob-
tained at speeds above those stated.

As in the case of surface deep scoring, these results
seem to indicate that the diameter of the low friction
wheel 14’' and the force applied thereto should be in-
creased indefinitely. In this case, unlike surface scor-
‘ing, it is true. With subsurface cracks, as the scoring
wheel diameter increases, it is possible to increase sub-
surface crack depth, without creating long wings that
would necessitate excessive seaming. There does not
appear to be any limit, other than the fact that the

crack itself must be seamed, and the greater its depth, -

the more seaming that will be necessary. This is easier,
however, than seaming lateral wings. '
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To summarize, low friction wheel 14" having a cut-
ting angle of from approximately 155° to approximately
170°, and preferably 165° and a diameter of at least ap-
proximately 12 millimeters, and preferably between ap-
proximately 18 and 100 millimeters, may be used to
produce a subsurface crack with forces of between ap-
proximately 80 and approximately 460 kilograms (or 2
to 3 times surface deep scoring forces). With cutting
wheels having cutting angles between 155° and 165°, it
is possible to produce both surface and subsurface deep
discontinuities by varying either the force that is ap-
plied to the cutting wheel, the speed with which the
cutting wheel is advanced, or the surface finish of the
cutting wheel. :

Using a cutting wheel with a perfectly blunt cutting
angle (i.e., 180°), the glass being worked upon is in
compression throughout its thickness beneath the cut-
ting wheel. If the cutting angle be reduced, the glass
will no longer be in compression throughout its entire
thickness beneath the wheel, but rather, a tension zone
will be created adjacent to the surface of the glass that
is opposite the surface being scored. It is known that
glass fails more easily in tension than in compression.
For a cutting wheel having a given cutting angle, such
as 160°, the location of the tension zone (which corre-
sponds to the location of the discontinuity) may be
moved by varying the force that is applied to the cut-
ting wheel. For example, if a high friction cutting wheel
has a diameter of 19 millimeters and a cutting angle of
160°, it may be used to apply either a surface deep
score or a subsurface deep score in a piece of flat glass
that is 19 millimeters thick. If a force of approximately
80 kilograms is applied to said wheel, a zone of tension
is created adjacent to the top surface of the glass, and

a surface deep score will be created at speeds greater

than about 25 centimeters per second. At speeds below
this, it is likely that a subsurface score will result. If a
force of approximately 120 kilograms is applied to the
same wheel, the zone of tension is further beneath the
glass surface and a surface deep score will result only
at wheel speeds in excess of about 30 centimeters per
second. This illustrates that the force applied to a cut-
ting wheel and the speed with which it is moved may
determine whether a surface or a subsurface deep score
results.

The exterior surface of the cutting wheel should pref-
erably be finished so that it has at least a No. 10 finish.
If the surface of the wheel is too rough, local stresses
may be created in the glass, thereby damaging its sur-
face.

If the glass is supported on a longitudinally extending
knife edge directly beneath the intended path of the
subsurface discontinuity during the scoring operation,
tension within the glass is increased and it becomes eas-
jer to create the subsurface discontinuity. It is impor-
tant that the knife edge be located exactly beneath the
intended path of the subsurface discontinuity 10 or the
tensile stresses about the path will not be uniform. It is
impractical to align a knife edge with the intended
path, and often a narrow plate is used, such as alumi-
num plate approximately 12.7 millimeters in width.
This does not provide tensile stresses within the glass of
the same magnitude as those produced with a knife
edge, but it is relatively simple to align the plate with
the intended path of the subsurface discontinuity and
the tensile stresses obtained with a narrow plate are
often sufficient.
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Generally, the depth of a score or crack, whether sur-
face or subsurface, should be such as to weaken the
glass sufficiently so that a bending moment applied
about the score or crack will cause the glass to fracture
with a resultant edge that is smooth, strong, straight 5
and perpendicular to the major surfaces of the piece of
glass. Table A shows the preferred minimum depths of
scores or cracks for various glass thicknesses.

Table A

Preferred Minimum Depth

Glass Thickness, of Score or Crack,

millimeters millimeters
6 75
12 1.5 15
19 2.3
25 3

Referring to Table B, there is shown the ranges of
force that may be applied to 165° cutting wheels of var-
ious diameters, and the depths of subsurface disconti-
nuities that result. The table also indicates the approxi-
mate maximum speeds with which a high friction wheel
14" and a low friction wheel 14'' may be advanced to
insure that the discontinuity is subsurface. 25

Table B

20

14

4. A method of producing a cut edge as defined in
claim 1, further including the step of:

grinding upper and lower portions of said cut edge.

5. A method of producing a cut edge as defined in
claim 1, further including the step of:

seaming upper and lower portions of said cut edge.

6. A method of producing a cut edge as defined in
claim 3, further including the step of:

grinding upper and lower portions of said cut edge.

7. A method of producing a cut edge as defined in
claim 3, further including the step of:

seaming upper and lower portions of said cut edge.

8. A method of producing a cut edge as defined in
claim 1, wherein said discontinuity is produced by a
wheel having a diameter of at least approximately 12
millimeters.

9. A method of producing a cut edge as defined in
claim 8, further including the step of: .

placing a surface defect in the glass along the in-

tended path of cut before the discontinuity is pro-
duced to initiate the discontinuity.

10. A method of producing a cut edge as defined in
claim 9, wherein said wheel has a cutting angle of ap-
proximately 165°.

11. A method of producing a cut edge as defined in

Range of Depth
of Subsurface
Discontinuity,

Whee! Diameter, Range of Force,

Maximum Speed
-for Producing
Subsurface Score

Maximum Speed
for Producing
Subsurface Crack

millimeters kilograms millimeters (centimeters/second) (meters/second)
12.7 80 -~ LIS 1.5-2.0 25 1
19 135 - 175 1.5-2.5 25 1
31 180 — 200 1.7 -2.7 30 1.2
50 200 -~ 275 2.0-3.0 40 1.6
100 300 - 460 25-40 50 2.0

It is antlclpated that the present invention may be
used to cut edges other than straight edges. Further,
bent or other forms of flat glass may also be cut as
herein contemplated In addition, the invention may
also be practiced in cutting glass objects such as thick
cylinders, rods and tubes.

While the invention has thus far been described in
connection with cutting pieces of flat glass, it will be -
apparent to one skilled in the art that it is not limited
to such. For example, the invention may be practiced
in a wareroom to cut a continuous ribbon of glass, ei-
ther longitudinally or transversely.

Having now fully disclosed the invention, what we
claim is as follows:

1. A method of producing a cut edge on a piece of
glass comprising the steps of:

applying a force to produce an indentation in a major

surface of the glass and, concurrently, a subsurface
discontinuity therebelow along an intended path of
cut, at least a substantial portion of said discontinu-
ity, along its length, being spaced from said major
surface by a zone of glass, and

projecting said discontinuity deeper into the thick-

ness of said glass after said discontinuity is pro-
duced.

2. A method of producing a cut edge as defined in
claim 1, wherein all of said discontinuity is spaced from
the major surfaces of the glass.

3. A method of producing a cut edge as defined in
claim 1, wherein said discontinuity is projected by ap-
plying a bending moment about said discontinuity.
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clalm 9, wherem sald wheel has a cutting angle of from
155°to 170°

12. A method of producing a cut edge as defined in
claim 11, wherein said wheel has an integral shaft at the
center thereof, said shaft being mounted in bearings to
reduce friction between said wheel and a holder.

13. A method of producing a cut edge as defined in
claim 12, wherein said wheel produces said discontinu-
ity at a force of at least about 80 kilograms.

14. A method of producing a cut edge as defined in
claim 13, wherein said wheel travels along the intended
path of cut at a speed up to approximately 2 meters per
second.

15. A method of producing a cut edge as defined in
claim 13, wherein said discontinuity is projected by ap-
plying a bending moment about said crack.

16. A method of producing a cut edge as defined in
claim 18, wherein said wheel travels along the intended
path of cut at a speed up to approximately 2 meters per
second.

17. A glass article having a top surface, a bottom sur-
face and a cut edge extending therebetween in a direc-
tion substantially perpendicular to said top surface and
said bottom surface, said cut edge having a smooth,
strong fracture area, a seamed indentation and subsur-
face discontinuity area adjacent to one of said top sur-
face and said bottom surface, and a seamed area adja-
cent to the other of said top surface and said bottom
surface.

18. A glass article having a top surface, a bottom sur-
face and an indentation and a subsurface discontinuity
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extending along said article along an intended path of
cut, a substantial portion of said discontinuity, along its
length, being spaced from the top suiface and the bot-
tom surface.

19. A glass article having a top surface, a bottom sur-

face and a cut edge extending therebetween in a direc-

tion substantially perpendicular to said top surface and .

said bottom surface, said cut edge containing an inden-
tation area and spaced therebelow two markings with
an area therebetween that is substantially free of serra-
tions, each of said markings being substantially parallel
to said top surface and said bottom surface, said mark-
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ings being indicative of the extent of a subsurface dis-
continuity. ‘

20. A glass article as defined in claim 19, wherein one
of said markings is at least approximately 0.01 millime-
ter from one of said surfaces and the other of said
markings is up to approximately 4 millimeters from said
one of said surfaces.

21. A method of producing a cut edge as defined in
claim 8, wherein said wheel has a cutting angle of from

about 163° to approximately 170°
% ok kK k
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