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Ohio, a corporation of Ohio 

Application May 28, 1948, Seria No. 29,201 
(C. 49-67) 

This invention relates to a glass pending ap 
paratus and method and in particular to an in 
proved mold that noves with the glass during a 
bending operation so that there is no relative 
movement between the glass and those porticinS 
of the noid that are in contact With the giaSS. 
When glass sheets that are to be empioyed as 

Windows are bent to curved forin it is important, 
that the optical qualities of the glass are inot 
impaired. It is, therefore, necessary to Support 
the glass sheet during the bending operation in 
its marginal area, only. It is also necessary that 
the movement of the glass with respect to those 
portions of the niold that are in contact with 
the glass shall be reduced to a mininuin or ein 
tirely eliminated because the uncertainty of the 
frictional force exerted between the nois and 
the glass produces Variations in the final shape 
of bent glass Which variations exceed the per 
missible tolerances for the finished product. 
Gravity bending-bending in Which the glass is 

allowed to Sag against the Shaping Surface of a 
mold-while satisfactory for relatively simple 
shallow bends is not generally suitable for pro 
ducing relatively deep bends or bends that are 
confined to a relatively Small poition of the en 
tire glass sheet. These relatively sharper or 
localized bends require the application of force 
in addition to that of gravity acting alone to in 
sure that the glass is forced to the proper shape 
during the bending operation. 
The principal object of this invention is to pro 

vide a mold for use in the bending of sheets of 
glass Which mold holds, the giaSS Sheet in Com 
pression as a Substantially horizontal column of 
strut. 
Another object of the invention is to provide a 

mold that holds a glass sheet along two of its 
edges and that applies pressure urging Such edges 
toward each other until the bending operation is 
substantially completed at which time the glass 
sheet is allowed to settle against the shaping sur 
face of the mold. 
A Still further object of the invention is to pro 

vide a mold that is divided into a plurality of 
parts which are hinged together and which are 
adapted to be carried on a frame in a manner 
Such that the sheet of glass in its unbent con 
dition holds the mold in its open condition and 
Which, as the glass Softens and sags, moves to 
Ward its closed position as the glass approaches 
the shaping Surface of the mold. 
A still further object of the invention is to 

provide a glass bending mold that comprises a 
plurality of hingedly connected sections and that 
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is adapted to move from an open to a closed con 
dition as a sheet of glass is being bent, Which 
mold is Supported on a frame the Surfaces of 
Which are Oriented SO as to Wary the bending 
forces transmitted to the glass during various 
portions of the bending operation. 
An ancillary object is to provide a mold for 

bending sheets of glass in Which mold a pit 
'ality of hingedly connected portions carry pol 
tions of the mold shaping surface which shap 
ing Surface is divided near its points of maxi 
nunn Curvature and in which the hinged connec 
tions between the portions are spaced from the 
Shaping Surface a distance that is generally pro 
pOrtional to the Curvature of the shaping Sur 
face. 
More Specific objects and advantages are ap 

parent from the following description of embodi 
inents of the invention. 
According to the invention, the improved mold 

comprises a plurality of hingedly connected por 
tions each carrying a section of the shaping Sur 
face of the mold. The portions are movable be 
tween tWO positions in one of which the shaping 

5 Surfaces are Substantially continuous around the 
marginal area of the sheet of glass and in the 
other of which portions of the shaping surface 
are Spread apart so as to register with parts of 
the marginal area of an unbent sheet of glass. 
During the bending operation the mold sections 
move from one position to the other as the sheet 
of glass Softens and sags, the movement of the 
hingedly connected mold sections serving to 
maintain those portions of the shaping surface 
in contact With the glass in continuous substan 
tially unvarying registry with the marginal area 
of the glass. 
The invention further contemplates that the 

mold Shall be divided at those points where the 
Curvature of the shaping surface is the greatest 
a.ild that the hinged connection between the 
portions of the Iinold shall be located a distance 
from the shaping surface that varies according 
to the curvature of the shaping surface at the 
point of division. In the improved mold in which 
the portions are hingedly connected together 
the glass is held in compression by forces exerted 
against its edges during substantially the en 
tire bending Operation and it is accordingly a 
part of the invention to orient the mold support 
ing Surfaces in a manner such that the resulting 
CompreSSion forces applied to the glass sheet 
Vary in a predetermined manner throughout the 
bending operation. 
Minor improvements afforded by the inven 
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tion include adjustable devices located adjacent 
the shaping surface of the mold in position to 
engage the edge of the glass sheet during Sub 
stantially all of the bending operation. The de 
vices are made adjustable So that the forces may 
be accurately distributed and so that the glass 
may be relieved of the pressure just prior to the 
time when it settles into full contact with the 
shaping Surface of the mold. 
The improved mold is supported at points lo 

cated reinote from the hinged connection be 
tween the portions of the mold so that in the 
absence of a sheet of glass the mold tends to 
assume its closed position. In moving from its 
open to its closed position portions of the mold 
slide on the frame on which it is loosely Sup 
ported. When a glass sheet is to be placed on 
the mold the inold is opened by lifting the hinged 
portions until a flat glass sheet may be located 
with portions of its marginal area in registry with 
portions of the shaping surface. The mold is 
held in its open condition by the sheet of glass 
which acts as a strut and which being located 
above the hinged connection prevents the nold 
from assuming its closed position. AS the glass 
softeins and bends it can no longer act as a strut 
and consequently the nold Settles toward its 
closed position and during the settling it contin 
ues to maintain pressure on the edges of the glass 
thus hastening the bending process and, further 
more, because of the control that may be eXer 
cised over the magnitude of the preSSure a Sub 
stantial degree of control over the uniformity of 
the finished bent glass product may be exercised. 
Warious embodiments of the invention are ill 

lustrated in the accompanying drawingS. 
In the drawingS: 
Figure 1 is an isometric view of a frane and 

a pair of the improved molds, one shown in its 
ciosed position and the other shown in its open 
positioia. 

Figure 2 is a vertical cross section of a tunnel 
type furnace suitable for Supplying the heat for 
bending glass sheetS. 

Figure 3 is a schematic plan view of a sheet of 
glass prior to a bending Operation. 

Figures 4, 5 and 6 are cross Sections illustrat 
ing the relationship between the degree of curva 
ture of the shaping surface of the mold and the 
corresponding position of the hinged connection 
between the Sections of the mold. 

Figure 7 is a plan view of one of the molds of 
the type shown in Figure 1. 

Figures 8 and 9 are transverse sections taken 
along the lines 8-8 and 9-9 respectively of 
Figure 7. 
Figure 10 is a fragmentary section showing one 

of the adjustable locating members that are 
mounted on the mold adjacent the shaping Sur 
face. 

Figure 11 is a fragmentary Section taken along 
the line - of Figure 7 to show the locating 
members that are positioned adjacent the shap 
ing Surface at the hinged ends of the mold. 

Figure 12 is a plan view of another hinged 
noid to show the modification in the mold to 
adapt it to another shape of bend to be produced 
in a sheet of glass. 

Figures 13 and 14 are vertical Sections taken 
along the line 3-3 of Figure 12 showing the 
nold in closed and opened positions respectively. 
Figures 15 and 16 are vertical sections taken 

parallel to the hinge line of the mold as indicated 
by the lines 5-5 and 6-6 of Figure 12. 

Figure 17 is a fragmentary detail showing a 
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4. 
portion of the frame that Supports the mold. 

Figure 18 is a perspective sketch showing a 
bead from a fiat to a generally Spherical Surface 
as illustrating a type of bend that may be pro 
duced by a modification of the molds previously 
illustrated. 

Figure 19 is a plan view of a mold Suitable for 
producing the bend indicated in Figure 18. 

Figure 20 is a vertical section taken along the 
line 2-2) of Figure 19. 
These specific figures and the accompanying 

description are intended merely to illustrate the 
invention but not to impose limitations on the 
claims. 

Referring to Figure 1, a frame constructed 
cf rectangular cross-section stainless Steel tub 
ing comprises vertical side members 2 and 3 
which at their upper ends are connected by CrOSS 
members is the center portions of which are 
curved downwardly so as to conform, in end ele 
vation, to the curvature of the bent glass sheetS. 
The vertical side members 2 and 3 are rigidly 
held in spaced upright position by diagonal braces 
5 and the upper cross members 4 are connected 
by longitudinally extending irails 6 that carry a 
pair of similar hinged molds 1 and 8. iihe mold 
, carrying a glass sheet 9, is shown in itS closed 

position which it occupies after the bending Op 
eration has been completed. The mold 8, carry 
ing a flat glass sheet C, is shown in itS Open 
position in which the fiat glass sheet G is held 
in edgewise compression prior to the bending Op 
eration. 

Referring to Figure 2, a furnace Suitable for 
Supplying the heat required to SOften the glass 
is constructed with insulating Walls and is 
heated by upper and lower burne tubes 2 that, 
extending through one wall of the furnace, are 
carried on Supports 3 attached to the opposite 
Wall. A conveyor is consisting of a great plu 
rality of parallel transversely oriented l'Ollers is 
located between the upper and lower burner tubes 
2 in position to carry the mold frames through 

the furnace. Froin Figures i and 2 it may be 
seen that the flanne in end elevation consists 
merely of the vertical side members 2 and 3 and 
the transverse partially arcuate cross members 4. 
The frame is entirely lacking in transverse brac 
ing because Such bracing would interfere with 
certain carts of giass processing equipment which 
must of necessity be located close to the upper 
and lower Surfaces of a sheet of glass carried on 
the molds. The lack of transverse bracing per 
InitS the frames to Straddle that portion of the 
apparatus employed to treat the lower surface 
of the glass while the lip in the cross members 4 
permits close positioning of the apparatus that is 
used to treat the upper surface of the glass sheetS. 
Since this processing apparatus is employed Sub 
sequently to the bending operation and affectS 
Only the shape of the flame and does not co 
operate otherwise with the molds 7 and 8, it is 
not shown in the drawings. 
Figure 3 is a plan view of the sheet of glass 
after it has been cut to pattern and before it 

has been bent to shape. In this particular en 
bodiment the bend to be produced in the glass 
is such that the resulting bent glass conforms 
approximately to a small portion of the Surface 
of an oblique cone. In other Words, the bent 
glass is bent to a generally cylindrical Surface the 
radius of which varies from one end of the glass 
sheet 0 to the other end and the axis of which 
is not parallel to the center line of the glass 
sheet. This means that the radius of curvature 
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varies from point to point. In this particular 
embodiment the points of maximum curvature 
in the glass are located generally along a line 
f5 that is generally parallel to one edge of the 
flat glass sheet 9. 

Figures 4, 5 and 6 are schematic sections taken 
along the lines 4-4, 5-5 and 6-6 of Figure 3 
to show the nature of the curve produced in the 
glass along these various section lines. Thus 
the curve at the upper end of the glass sheet as 
seen in Figures 3 and 4 is relatively deap and 
sharp as compared to the width of the glass sheet 
in this region. At the other end of the glass 
sheet, along the line 6-5, the sheet is wider, the 
depth of the curve is about the same, and the 
degree of curvature is less. The curve at the 
middle of the glass sheet, i. e., along the line 
5-5, is intermediate in Shape between the curves 
produced at the ends of the glass sheet. Figures 
4, 5 and 6 show in full lines the glass sheet 
after it has settled to conform to shaping Sur 
faces f$ and of the mold 8 while the broken 
lines show the sheet before it has been bent. 
From these figures the difference in length be 
tween a straight line-a, chord-drawn between 
the edges of the glass along the sections 3, 5 
and 6 and a line following the arc of the bent 
glass surface is readily apparent. 

If one were to attempt to use a Solid noid 
having shaping Surfaces Corresponding to the 
Shaping Surfaces S and and to allow the 
glass to soften and settle from the dotted line 
position of the glass sheet () to the solid line 
position he would find that the inarginal areas 
of the glass that Were originally in contact With 
the shaping surfaces would be seriously marred 
as they slid over the edges of the shaping Sur 
face. Furthermore, the glass contacting portions 
of the shaping Surfaces 6 and are crenelated 
to reduce the area in contact with the glass as 
Well as to permit the free flow of air around 
the glass during the heating and annealing oper 
ations. It has been found that with a crenelate 
edge the glass tends to Soften enough to allow 
the tooth-like portions of the shaping surface to 
slightly indent the glass and thus resist any rel 
ative motion between the glass and the shap 
ing Surfaces 6 and . As a result tensile forces 
are Set up in the glass as it sags and these ten 
sile forces may be sufficient at times to prevent 
the glass from conforming accurately to the en 
tire periphery of the shaping surface. 
These difficulties are overcome according to 

the invention by dividing the mods or 8 into 
parts 3 and 9 which at their ends are con 
nected by hinges 23 and 2. The mold sections 
8 and 9 carry the shaping surfaces is and 
and the hinges 2 and 2 are located on the 
mold Sections 8 and 9 in relation to the shap 
ing Surfaces i6 and So that when the mold 
is closed as shown in Figures 4, 5 and 6 the 
shaping Surfaces 6 and conform to the en 
tire periphery of the marginal area of the bent 
glass sheet. When the mold is opened or swung 
to a second position by hinged movement be 
tween the mold sections, portions of the shap 
ing surfaces 8 and 7 that carry the perma 
nently straight edges 22 and 23 of the glass sheet 
are Spread apart far enough to accommodate 
the flat sheet of glass. Thus the hinged move 
ment of the mold sections increases the length 
of the chord of the shaping Surface until the 
chord is equal in length to the width of the 
glass sheet at that particular section. The hinged 
movement, of course, produces a break in the con 
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6 
tinuity of the shaping Surface but this break is 
of no consequence because it is closed before the 
glass settles into contact with the portions of 
the shaping surface immediately adjacent the 
break. 
The mold sections 8 and 9 are each rel 

atively rigid members and because they are sub 
jected to high temperatures during the glass 
bending operation they must not be subjected 
to twisting forces or in fact high stresses of 
any type. This lack of strength in the mold and 
frame results because even with stainless steel 
the parts tend to deform when under heat un 
til the stress is relieved. Since the mold sections 
are each rigid and since the edges of the shaping 
Surfaces 6 and that conform to the edges 22 
and 23 of the glass sheet must register with those 
edges both before and during the bending oper 
ation it follows that to avoid stress and accu 
rately follow the glass the location of the hinges 
20 and 2 must be carefully selected. The pre 
cise positioning or average distance from the line 
through the hinges 26 and 2 to the shaping sur 
face is not in itself important except as it affects 
the angular movement of one mold section with 
respect to the other. However, once the angu 
lar movement of one mold section with respect 
to the other has been determined by the arbi 
trary location of one hinge and the required rel 
ative movement between the edges of the shaping 
Surface at that end of the mold then the other 
hinge must be located so that the given angular 
movement produces the required variation in 
length of the chord of the shaping surface at the 
Second end of the mold. In general, the hinges 
are located from the shaping surface a distance 
that is roughly proportional to the curvature of 
the shaping Surface adjacent the hinge. 

This arrangenient with the hinge connection 
below the shaping surface of the mold eliminates 
any sliding of the glass on the crenelated edges 
of the shaping Surface and confines the contact 
between the shaping surface and the glass to the 
extreme marginal area of the sheet of glass. 
This is one important advantage attained by 
hinging the mold sections together. Another im 
portant advantage resides in the fact that locat 
ing means hay be attached to the shaping sur 
faces 6 and So as to bear against the edges 
of the glass sheet and, by placing the sheet under 
COYapreSSion as a strut, to force it into its beint 
condition at a much more rapid rate than it 
would bend or sag under the influence of gravity 
alone, 

Referring now to Figure 7, which is a plan view 
of the mold and the cooperating parts of the 
frame , the mold includes the mold sections 8 
and 9 each of which includes end pieces 24 and 
25 that are arcuate in end elevation and that are 
joined by side members 23 and 27. The arcuate 
end Sections 24 and 25 are curved to conform gen 
erally to the curvature of a bent sheet of glass, 
and, When the glass is bent, are in alignment with 
the frame crosspieces . The shaping surfaces 
88 and it are attached to the mold sections 8 
and 9 by a plurality of struts 28 that are spaced 
at intervals around the periphery of the shaping 
Surface. 
The end pieces 24 of the mold sections 8 and 

89 carry the hinge 20 while the end pieces 25 
are connected by the hinge 2. Each of the 
hinges is made up of a number of strips of steel 
that are Welded Some to one of the members and 
Some to the other in overlapping relation and 
that are connected by a loosely fitting bolt or pin. 

  



2,551,606 
7 

Furthermore, the mold section 8 at the end of 
its arcuate end piece 25 is provided with a stop 
bal' 29 which when the mold is closed Strikes the 
upper surface of the end piece 25 of the other 
mold section 9. Likewise, a stop bar 39 is 
welded to the end of the arcuate end piece 24 of 
the mold section 9 in position to engage the up 
per end Surface of the end piece 24 of the mold 
Section 8 as the mold is closed. The stop bai'S 
29 and 30 in cooperation with the hinges 26 and 
2 accurately lock the mold in its closed position 
with the shaping surfaces 6 and 7 accurately 
registering at each side of the break between 
the mold Sections as Well as conforming to the 
marginal area of a sheet of bent glass. 

Locating devices 3 mounted from the sides of 
the Shaping Surfaces. 5 and fi are employed to 
position the sheets of glass accurately on the 
mold by engaging the edges of the glass sheet. 

Referring to Figure 10 each of the locating de 
vices 3i comprises a frame 32 that is pivotally 
carried on a pin 33 of a bracket 34 secured to the 
shaping surface 6. The pivoted frame 32 at its 
upper end journals a small ceramic roller 35 
which roller is the only portion of the locating 
device to contact a glass sheet Such as the Sheet 
0 positioned on the mold. The position of 

the roller 35 with respect to the shaping Sui 
face 6 may be varied by an adjusting screw 36 
that is held in a lower portion 3 of the pivoted 
frame 32 by a pair of lock inuts 38. The adjust 
ing Screw 36 bears against the side of the shaping 
surface 6 at a point below the bracket 34. 

Referring to Figures 7 and li, additional locat 
ing means consisting of t-shaped bars 39 welded 
to the mold end pieces 24 project upwardly and 
carry pads 46 that contact the ends of the glass 
sheet 0 when the glass is placed on the mold. 
The pads 40 are optional and if desired may be 
eliminated and the L-shaped bars 39 bent. So that 
the upper ends project toward the glass. The L 
shaped bal's 39 including the pads 40 contact the 
edge of the glass sheets during only the initial 
portion of the bending operation with the glass 
moving completely free of the bars 39 before it 
Settles against the shaping surfaces 6 and 7. 

Referring now to Figures 8 and 9, the mold is 
shown in its open position with the glass sheet 
0 held in compression as a strut between the 

locating devices 3A. The mold rests on the side 
rails 6 of the frame and the side rails are spaced 
apart far enough So that the center of gravity of 
each of the mold Sections 8 and 9 lies between 
the hinged connection and the side rails G. If 
the glass sheet 0 were not present the mold 
Would immediately close. The glass sheet 3 acts 
as a Strut between the mold Sections and being 
located at Sonne distance above the hinged con 
nection prevents the mold from closing. As the 
glass Softens during the bending operation it 
loses its strength as a Strut and as Soon as it 
starts to Sag it is immediately forced to its bent 
condition as the mold drops to its closed position. 
During this operation the arcuate end members 
24 and 25 of the mold slide over the rails 6 but 
there is no sliding action between any portion of 
the glass and cooperating portion of the shaping 
Surfaces 6 or 7, 
AS the glass sheetS Sag during the bending op 

eration and the noid approaches its closed condi 
tion, the end Sections 24 and 25 side on the rails 
6, Ordinarily, this sliding action is uniformly 
divided between each of the mold sections but to 
guard against any excessive sliding of one of the 
mold Sections which would permit it to slide past 
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8 
the rail and drop through the frame each of the 
mold sections 8 and 9 at the outer ends of the 
arcuate end pieces 24 and 25 is provided with 
downwardly directed ears 4 serving as hooks to 
prevent the Side members from falling free of the 
rails 8. Longitudinal motion of the mold with re 
Spect to the frame f is also prevented by a pair 
of pins 42 Set into one of the side rails 6 at Some 
clearance from the end pieces 24 and 25. In nor 
mal operation these safety locating devices, the 
depending ears 4 and the pins 42, are not called 
into use but they alre nevertheless always avail 
able to prevent any serious misalignment of the 
molds with respect to the frame . 
The amount of force applied to the sheet of 

glass may be varied by design through extremely 
Wide l'anges. The principal factors in determin 
ing the magnitude of this force are the weight of 
the mold Sections, the Spacing of the rails 6 with 
respect to the centers of gravity of the mold Sec 
tions, and the distance between the shaping Sur 
face and the hinge line. The further apart the 
side rails 6 are located or the nearer the center of 
gravity of the mold sections is to the hinge line 
the greater Wiil be the turning moment applied 
to each of the moid sections. This turning 
noment is resisted by a counter moment the force 
of Which is the compression stress in the glass 
Sheet and the moment artin of which is the dis 
tance of the sheet from the hinge line. The lower 
the hinge line, i. e., the further it is from the 
shaping Surface, the less will be the force applied 
to the glass for a given counter-balancing 
moment. As the hillige line is dropped with 
respect to the shaping surface the angular move 
inent between the mold sections is also reduced. 
By properly coordinating all of these factors it 

is possible to accurately and positively bend sheets 
of glass to complex curved form. Since most of 
the bending is done under forces that are much 
greater than the force of gravity acting alone on 
the glass and Since the greater forces are obtained 
through structure that is relatively constant in 
its effect it follows that quite precise control of 
the bending conditions may be maintained. 

Figures 12 to 17 inclusive show another type of 
ininged mold that is designed for producing a 
different type of bend in the glass sheets. Where 
as in the first embodiment the bend to be pro 
duced resembled a Section of an oblique cone, the 
bend to be produced in the glass sheet by the 
iiiCld illustrated in Figures 12 to 17 is relatively 
much shallower but is confined largely to one 
end of the glass Sheet. In this example the mold 
includes a first Section comprising side portions 
43 and 43 that are connected by a crossbar 45. 
The side portions 33 and 44 and the crossbar 45 
together Support a shaping surface 46 that con 
forms to the marginal area of the relatively flat 
end of the sheet of glass as it is bent on this mold. 
The Shaping Surface 46 is carried from the side 
members 44 and crossbar 45 by a series of struts 

arranged at intervals along the surface. Fur 
thermore, the end portions of the shaping surface 
46 are provided with locating devices 48 that are 
Similar in all respects to the locating devices 3 
illustrated in the previous example. The side 
members 43 and 44 project beyond the crossbar 
45 and near their ends are drilled to receive pins 
39 set into a rail 5 of a supporting frame 5f. 
The Supporting frame 5, includes base members 
52 having uprights 53 which at their upper ends 
Calify Cl’OSS frane members 54 which in end ele 
Vation have Substantially the same curvature as 
that of the bent glass sheet. 



2,551,606 

The other end of the mold includes a shaping 
surface 55 that is carried on struts 56 from a mold 
portion having side pieces 57 and 58 that are 
connected together by a crossbar 59. The side 
member 44 is connected by a hinge 68 to the side 
member 38 of the other portion of the mold While 
a similar hinge 3 (Figure 16) connects the side 
members 33 and 57. Stop bars 32 and 63 welded 
or otherwise Secured to the Side members 58 and 
43 respectively engage the adjacent corresponding 
portions of the side nembers Ali and 5 respec 
tively to provide precise alignment of the abutting 
portions of the shaping surfaces & 6 and 55 when 
the mold is closed. As a further Safeguard and 
to partially relieve the stress on the hinges 6 and 
6 and the stop bars 62 and SS the side members 
A3 and f4 are provided with shelf-like flanges 64 
and 65 which when the mold is closed rest on pins 
66 and 8 set in the cross members 54 of the 
frame i. 
In this example rigid guides 63 are mounted 

On the side ninembers 3 and Áin position to guide 
a sheet of glass 69 placed on the Inold during an 
initial portion of the bending operation. Corre 
sponding to the L-shaped guides 39 of the preced 
iing example, the guides 8 do not contact the 
glass during the final stages of the bending 
Operation. 

In the first example the hinge line of the mold 
is more or less Symmetrically located with respect : 
to the side rails 6 of the Supporting frame. It is 
not always possible to secure such a relationship 
and Figures 12, 13, 14 and 17 illustrate an alter 
native construction that may be employed when 
there is a Substantial imisalignment between the 
hinge line and the frame rails. In the second 
example, the crossbar 59 of one of the mold Sec 
tions carries an extension bar ) which during a 
bending Operation is supported on and slides along 
an inclined face of the croSS member 54 of the 
frame. Siace the position of the hinge line in 
Space is uniquely determined by the frame rail 
58 supporting the ends of the side meinbers 43 
and 33 and the contact of the extension bar 7) 
with the inclined face of the cross frame member 
54 it becomes necessary to supply an accurately 
located support for the remaining corner of the 
noid. In this example this support is provided 
by an extension bai' that is attached to the 
moid and that slides down the edge of an inclined i 
track 72 as the mold approaches its closed condi 
tion. The aigie and shape of the track 2 is such 
that the corner of the Ynold frame is supported 
throughout the bending operation as the mold 
in Oves from its open to its closed position. 
In this example, as in the previous example, 

the mold is held in its open position by the glass 
to 3 bent, which glass acts as a strut between the 
locating devices. Since the glass is located a sub 
stantial distance above the hinge connection, it 
effectively prevents the mold from moving to its 
closed coindition until the glass has softened and 
Sagged. As the glass sags the force applied to its 
ends accelerates the bending operation at the 
Same time that the mold drops to its closed posi 
tion. In this example the glass is subjected to 
Substantially greater force that is a glass being 
processed on a nold constructed according to the 
first example. This follows because the mold 
illustrated in Figures 12 to 17 is supported at its 
ends and is relatively longer than the mold of 
the first, example. 
Another factor tending to increase the force 

applied to the glass is the slope of the portion 
of the side rail 54 and the track 2 on which the 
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extension bars 0 and rest. If these SurfaceS 
are substantially vertical the force applied to 
the glass is very great vihile if these Siriaces are 
Substantially horizontal the force applied to the 
glass depends almost entirely upon the weight 
of the mold and the distance between the glass 
and the hinge. If the track 2 and the inclined 
Surface of the croSS member 54 is intermediate 
these two extremes, a horizontal component of 
force is applied to the end of the mold frame 
which component of force tends to augment the 
force Supplied by the weight of the mold sections. 
By properly selecting the slope of the Supporting 
Surfaces agg the position of the ininges 63 and it 
with irespect to the shaping Surfaces 46 and 55 
it is possible to vary the force applied to the 
glass through a very wide range as may be neces 
sary to accommodate various types of glass or 
as may be required to localize the bending in par 
ticular areas of the glass sheet. 

Figures 18 to 20 inclusive illustrate a hinged 
mold in Which the mold is divided into more than 
two Sections. Such a mold is desirable if a. 
Spherically curved sheet 3 of glass is to be 
formed from a flat blank 4. In the preceding 
examples the bend was either conical or cylindri 
Cal or Substantially so and in such a bend the 
hinge line may extend along those elements of the 
glass sheet that tend to remain straight through 
Out the bending operation. However, a spherical 
Surface has no permanently straight elements 
and it is, therefore, necessary to apply force along 
both axes to produce Sufficient compression in the 
peripheral portions of the glass sheet to allow 
its central portion to Sag to the desired curvature. 
Figue 19 is a plan and Figure 20 an elevation 

of a Substantially Square mold that is hinged 
along axes at right angles to each other. Thus 
the mold is divided into quarter sections 75, 76, 77 
and 8 which are joined together by hinges 79, 
30, 8 and 82. Extensions 83, 84, 85 and 86 pro 
ject from the corners of the quarter section and 
rest On diagonal crosspieces 8 of a frame 88. 
The corner extensions 83 and 85 are drilled to 
loosely receive locking pins 89 which serve to po 
Sition the mold on the frame 38. The corner ex 
tensionS 84 and 85 are not drilled but rather slide 
Over the Supporting diagonal frame pieces 8 as 
the inold Settles to its closed condition. The 
mold quarter sections 75, 76, 77 and 8 each car 
ly a portion of a shaping surface 9 which When 
the mold is in its closed position conforms to the 
marginal area of the bent, glass sheet, 3. The 
Shaping surface 9 is carried from the mold sec 
tions on Struts & in the saine manner as the shap 
iing Suifaces of the other molds were carried from 
the mold sections. 
AS in the preceding examples, stop bars 92 are 

provided at each of the hinged joints to securely 
lock and align the mold sections when the mold 
i'eaches its closed position, 
These examples of improved molds are useful 

in carrying out the improved method of bending 
glass sheets. This method includes the steps of 
Supporting a glass sheet to be bent in bending 
relation over separated portions of the shaping 
Surface of a mold, applying force to the edges 
of the glass tending to stress the glass as a column 
Or Strut, maintaining the force on the glass as 
the glass ends and approaches the shaping sui'- 
face of the inold and bringing the separated por 
tions of the shaping surface together as the glass 
Settles to the shaping surface. The bending is 
produced as the glass is heated to its softening 
temperature at which time it yields to the force 
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being applied and setties to the shaping Surface 
of the nold before any portion of the glass be 
comes sufficiently soft to sag beyond the intended 
shape. By stressing the glass as a Column Ol' 
as a strut, innportant advantages aire Citained in 
that the glass is stroing until it staitS to yield alld 
then it becomes increasingly Weaker because of 
its change of shape to resisi.iing the applied foice. 
This results in a relatively rapid movement from 
its flat to its bent condition. Bringing the Sepa 
rated portions of the shaping surface together as 
the glass settles prevents any overbending as a 
Substantially complete marginal Support for the 
bent glass is thus provided at the finish of the 
bending operation. The application of edgewise 
compression causes the bending to take place at 
a sightly lower tennperature than would be re 
quired to accomplish the same bending were the 
force of giravity alone employed to change the 
shape of the SOftened glass. 

Warious modifications and improvements in the 
mold may be made Without departing from the 
Spirit and Scope of the invention. 

Having described the invention, I claim: 
1. In ail apparatus for bending glass sheets, in 

combination, at least two movable members that 
are hinged together, curved shaping surfaces on 
the meinbers, both of Said members being mov 
able to a position at which said curved shaping 
Surfaces conform to the margin of a bent glass 
Sheet, means for locating a glass sheet on the 
Shaping Sulfaces, said members being movable 
to a Second position. Such that an unbent glass 
Sheet nay be positioned between the locating 
means, and a frame that Supports said membel's 
at points such that said members are urged from 
the Second to the first position. 

2. In an appaltus for bending glass sheets, in 
combination, at least two movable members that 
are hinged together, curved shaping surfaces on 
the members, both of said members being mov 
able to a first position at which the curved shap 
ing Surfaces conform to the margin of a bent 
sheet of glass, means for locating a sheet of glass 
on the Shaping surfaces, said members being mov 
able to a Second position at which an unbent glass 
Sheet may be positioned between the locating 
imeans, and a frame that Supports the members 
at Spaced points such that the center of gravity 
of each neilber lies between the hinge connec 
tion and the points of contact with the frame. 

3. In an apparatus for bending glass sheets, in 
combination, at least two movable members that 
ai'e hinged together, curved shaping surfaces on 
the meinbei's, Stop means for limiting the rela 
tive movement between the hinged members at a 
first position at which the curved shaping surfaces 
conform to the margin of a bent sheet of glass, 
locating ineans adjacent the shaping surfaces, 
said members being movable to a second position 
Such that a flat sheet of glass may be positioned 
and held in compression between the locating 
means, and a frame that supports said mem 
bei's and that permits sagging of the members to 
their first position as the glass sheet softens. 

4. In an appalatlis for bending glass sheets, in 
combination, at least two movable members that 
are hinged together, curved shaping surfaces on 
the menbei's, stop means on the members for 
limiting the relative movement between the mem 
bel's at a first position at which the curved shap 
ing Surfaces conform to the margin of a bent 
Sheet of glass, locating means adjacent the shap 
ing Surfaces, Said locating means being adjacent 
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12 
but not touching the edge of a bent sheet of 
glass, said members being movable to a second 
position at which a flat sheet of glass may be 
positioned and held in compression between the 
locating means, and a frame for supporting Said 
members at points remote from their hinge con 
nection. 

5. In an apparatus for bending glass sheets, in 
coin bination, at least two movable members, a 
curved Shaping Surface having a portion on each 
member, hinge means connecting adjacent ends 
of Said members together, Said curved shaping 
surface in a first position of said members con 
forming to the margin of a bent sheet of glass 
With the hinge means located outside the con 
vex side of the bent sheet of glass positioned on 
the Shaping surface, means for locating a sheet 
of glass on the Shaping surfaces, said members 
being movable about Said hinge means to a sec 
Ond position at which a flat sheet of glass may 
be located between Said locating means, and a 
support that urges the member toward Said first 
position. 

6. In an apparatus for bending glass sheets, in 
combination, at least two movable members, a 
curved shaping surface on each member, said 
curved shaping surfaces in combination con 
forming to the margin of a sheet of bent glass, 
and hinge means joining adjacent ends of the 
members togethel, said hinge means being Sep 
arated from the Shaping Surfaces a distance 
that varies generally invel'Sely as the radius of 
curvature of the adjacent portion of the shap 
ing Surface. 

7. In an apparatus for bending glass sheets, in 
combination, a pair of movable mold members, 
curved shaping surfaces on the members, said 
shaping surfaces together conforming to the 
margin of a sheet of bent glass, and hinge means 
connecting adjacent ends of the members to 
gethel', Said shaping Surfaces having their re 
gions of greatest curvature near the junctions 
between the members, and said hinge means be 
ing located from the shaping Surfaces a dis 
tance that is generally proportional to the curva 
ture of the adjacent portions of the shaping sur 
faces. 

8. In an apparatus for bending glass sheets, in 
combination, a pair of movable mold members, 
curved shaping surfaces on the members, hinge 
means joining adjacent ends of the members to 
gether, a flame upon. Which the members are 
loosely carried such that the members are urged 
toWard a position at which the shaping surfaces 
conform to the margin of a bent sheet of glass, 
locating means on the members adjacent the 
shaping surfaces, and means for adjusting the 
position of the locating means to loosely engage 
a bent sheet of glass. 

9. In an apparatus for bending glass sheets, 
in combination, a pair of movable mold members, 
curved shaping surfaces on the membel's, hinge 
means joining adjacent ends of the members 
together, a frame upon which the members are 
loosely carried such that the members are urged 
toward a position at which the shaping surfaces 
confol'in to the nargin of a bent sheet of glass, 
locating means on the members adjacent the 
shaping surfaces, said members being movable 
to a Second position at which a flat sheet of glass 
may be placed between the locating neans, and 
neans for adjusting the position of the locating 
near S to provide release of the glass from the 
locating means as the bending operation nears 
completion. 
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10. In an apparatus for bending glass sheets, 
in combination, a pair of mold members, shaping 
Surfaces on the members, hinge means joining 
adjacent ends of the members together, a frame 
having spaced apart side rails upon which said 
mold members may rest, said members being 
movable between two positions at one of which 
the shaping Surfaces conform to the margin of 
a bent sheet of glass and at the other of which 
the Shaping Surfaces are separated to receive a 
flat sheet of glass, said members being adapted 
to slide on the side rails during movement from 
one of said positions to the other of the positions. 

11. In an apparatus for bending glass sheets, 
in combination, a plurality of mold members, a 
Shaping Surface having a portion carried on each 
of the inold members, hinge means for joining 
the mold members, a frame, means for locating 
One of said members on the frame, and inclined 
Surfaces on Said frame for Supporting another of 
said members for sliding movement thereon and 
for urging the mold members toward a position 
at which the shaping surface conforms to the 
margin of a sheet of bent glass. 

12. A method of bending glass sheets compris 
ing the steps of Separating portions of the shap 
ing Surface of a mold, placing a sheet of glass in 
bending relation to the mold, applying force to 
edges of the glass, Subjecting the glass to bending 
temperature while maintaining the force against 
the edges of the sheet of glass, and moving the 
portions of the shaping surface into mutual con 
tact as the glass Settles to the shaping surface. 

13. A method of bending glass sheets compris 
ing the steps of separating portions of the shap 
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ing surface of a mold, placing a sheet of glassiri 
bending Irelation to the mold, applying force to 
the edges of the glass, Subjecting the glass to 
bending temperature, varying the magnitude of 
the force applied to the glass as it softens and 
bends, and simultaneously moving the portions 
of the shaping Surface into mutual contact as the 
glass settles to the shaping surface. 

14. In apparatus for bending glass sheets, a 
plurality of mold sections having shaping sur 
faces thereon, means for hinging said sections 
together to form a complete mold of which the 
Shaping Surfaces of the different sections will 
conform to the margin of a glass sheet bent 
thereon. When said sections are in one position 
relative to one another, means for locating a 
glass Sheet on Said Sections, a frame for Support 
ing said Sections for Swinging movement at points 
remote from said hinging means, whereby said 
Sections can be swung to a second position rel 
ative to one another to receive an unbent sheet 
between said locating means but will tend to fall 
by gravity into Said first-mentioned position. 

JOSEPH. E. JENDRISAK. 

REFERENCES (CTED 
The following references are of record in the 
le of this patent: 

UNITED STATES PATENTS 
Number Name Date 
1999,558 Black -------------- Apr. 30, 1935 
2,330,349 Galley ------------- Sept. 28, 1943 
2,348,279 Boyles et al. -------- May 9, 1944 

  


