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 ABSTRACT

The invention involves a method of bending a sheet of

‘thermoplastic material which’ comprises heating the

sheet to bending temperature, placing it adjacent a

“shaping form, pneumatically forcing the sheet toward
- and bending it against the form, and cooling the bent
- sheet; and apparatus for the bending of thermoplastic

.sheets which comprises. a “bending form, means to
~ transport a hot thermoplastic sheet into proximity to

the bending form, pneumatic means to bend the sheet

- against the form, and means to cool the bent sheet.

- 29 Claims, 14 D'rawilig:_FigurES |
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BENDING OF FLAT GLASS ON A MOLD WITH
| VACUUM |

3 778 244

“This invention relates to the bending of flat thermo-

plastic materials in sheet form of which an outstanding

example is an automobile hght e.g.,a wmdshleld blank
- composed of glass, to which is to be imparted a shape
suited to its use, frequently mvolvmg a double curva-
ture. In view of its importance the invention will be de-
- scribed in that use without limiting the generality of its

~application or the nature of the thermc)plastrc sheet
material, organic or inorganic, to which it is applied.
Many such windshields are composed of two thin
sheets of glass bonded together by polyvinyl butrayl. To
assemble them properly is difficult. |

To achieve perfect conformation of two sheets of
~ bent glass. bemg assembled with an interlayer of polyvi-

o ~nyl butyral it is customary to mount the glass sheets on-
a frame. These sheets of glass are placed one on the

other, matched by a pertpheral form and heated to the

softenmg point of the glass. The action of gravlty, act-

ing on the softened sheets causes them to sag on the pe-

10

| .'ln the method a vacuum is established, at the circum-
ference of the bending form, near the periphery of the -
softened glass sheet and outside of it, which acts by as- R
piration to raise the softened sheet and bend it against

the face of the form. It'is another part of the invention

to move the sheet horizontally into a preheatmg fur-
nace, then to a shaping chamber in which it is pneumat-

ically pressed against a bendmg form by establishing a

vacuum about the periphery of the sheet which trans-
fers the sheet vertically and presses it agamst the shap-

- ing face of the form. -

15

20

The above and further objects and novel features of
the present invention will. more fully appear from the
following detailed description when the same is read in
connection with the accompanying drawings. It is to be

-expressly understood, however, that the drawings are

for the purpose of illustration only and are not intended

- as a definition of the limits of the invention.

In the drawings; wherein like reference characters- /
refer to like parts throughout the several views, |

" FIG.1is a diagrammatic vertical section through a -

~ preferred form of apparatus embodying the invention;

ripheral form but the shapmg of the central part is im-

perfect because it is not in contact with -anything solid,
the eentral portions bending as viscosity and. time al-_
 low. | |
The shapmg of thin sheets of glass of large size re-
quires the use of a third, thicker piece of glass to sup-
port the other two during. shaping; it serves to retard
the deformation of the thin sheets and produees a bet-
ter final form. The third sheet serves only once, which

25

- FIG.21sa dlagrammanc plan vrew taken on a plane
“just above the rollers 7 of FIG. I; - |
 FIG. 3 is a vertical, longltudmal seetlonal view of the -
hood and bending form | |
FIG. 4 is a cross section on lme 4 4 of FIG 3;
FIG. 5 is a vertical, longitudinal, sectional view. of a

- first modification of the hood and bending form;

30

materially increases the costs of production. In particu-

" lar, for an installation which is to have high productiv-
rty the number of frames rotating through the furnace

s large, which multlpltes the difficulties of timing_ and
control. |

It1s an object of this invention to overcome these ob- '

stacles, to produce bent sheets of high quality, perfectly
‘shaped, rapidly, in large numbers with minimal controls
~and without the use of third sheets.- Another object is
‘to separate the heating and shapmg steps of the process
and thus to limit the heat used to that which is actually

requlred at each stage of the process. Another object
is to shape the sheet against a rigid shapmg form by

pneumatic forces, transferring the glass pneumatrcally
from the conveyor to the form without solid contact.

35
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FIG. 6 is a cross section on line 6—6 of FIG. 5
_' FIG. 7 is a longitudmal vertlcal section through a
second modification of apparatus involving two forms;
FIG. 8 1s-asection similar to that of FIG 7, showmg
a yet further modification; 3 |
FIG. 9 is a vertical longttudlna] seetlon through an-

- other modification of hood and bending form;

F1G. 10 1s a cross section on line 10—10 of FIG. 9;
- FIG. 11 is a vertical, longitudinal section through a
yet further modification of hood and bending form:;

FIG. 12 is a section on line 12—12 of FIG. 11; |

FIG. 13 is a vertical, longitudinal section through an-

- other modification of apparatus involving a truck-

45

“Another object is to maintain equal temperature in the '

bending form and the sheet which is being pneumati-

- cally transferred and bent.

The objects of the invention as to method are accom-

' ‘plished by a method of bending a sheet of flat glass

which comprises heating it to bending temperature,
placmg it adjacent the shaping face of a bending form
‘which is at bendmg temperature, applying vacuum to

- the c:rcumference of the form and the sheet and

thereby reducing the pressure between the form and

50
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" _the sheet, mamtalmng the vacuum until the sheet is

pneumatically bent against the form, removing the bent

sheet from the form, and cooling it; and the objects as

to apparatus are accomplished by apparatus for the

bending of hot thermoplastic sheets which comprises a
‘horizontally disposed bending form having a shape ap-
proximating the shape of the sheet to be bent, means
to move a hot sheet horizontally into proximity to and
-ahgnment with the bending form, hood means encom-

o passing the bending form, means to evacuate the hood

means, and means to cool the bent sheet

60

mounted pressure balance; and.
- FIG. 14 is a section similar to that of FIG 13 through |
a further modification.

~As shown in FIG. 1 and F IG 2 an apparatus accord-

ing to the invention includes a receiving chamber 2

having walls 2'—2' which approach a roller conveyor
7 but leave space for the passage of glass sheets 1,

‘which are shown as windshield blanks of appropriate
‘shape. A heating furnace 3 is equipped with electrical

heating resistances 8, 9 in roof and sole. Thermocou-
ples 10, 11 maintain the temperature of the chamber 3
at peak efficiency by controlling the resistances. Such
mechanism of control being known is not shown. The

- driving means for the roller conveyor 7 is illustrated di-
agrammatically at 71-72-73-74-75 in FIG. 2. By appro-

priately restricting the openings 76, 77 through which
the glass enters and leaves the heating chamber 3 that
chamber is maintained at its own proper temperature |

“with small heat loss A glass sheet la 1s shown in the

- chamber.

65

From chamber 3 the rollers 7 transfer the sheets to
the bending chamber 4, through narrow opening 77
and beneath a hood 17 which contains a rigid bending

- form 16, shown in FIG. 1 as havmg a-concave bending

faee Pane of glass 1b is shown in vertical allgnment
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with the form. The sides of the hood closely approach
 the circumference of the form and its rim in lowered
position (FIG. 3) allows just enough room for the pas-
sage of the glass without contact. Two aspirators
18— 18 are connected to the hood and evacuate it,
upon operation, through appropriate pipes 18'—18".
The hood and bending form are mounted for vertical
movement upon a vertically movable shaft 19 con-
trolled by a motor operated, reversible screw 20. The
temperature in the shaping chamber 4 is maintained at
its own proper value by resistor 12, 13 mounted 1n roof
and sole and controlled by thermocouples 14-185.

Inside the chamber 4, slightly above the level of rol-
lers 7, and outside the hood are two rails 33 which sup-
nort a truck 22 (FIG. 7) which can be rolled into and
out of the shaping chamber when desired. The carriage
may support a form 34 having a shape complementary
to that of the form 16 which will either support the bent
glass in its new shape or serve as the lower part of a two
part mold when desired. The opening 78 between the
chamber 4 and cooling-conditioning chamber 5 is large
enough to permit the passage of the truck with its bur-
den when the truck is to be used. Beyond the chamber
Sis unloading station 6 where the glass, cooled to hard-
ness is removed for packing or storage.

The rollers 7 are made of refractory material, for In-
stance silica which has a small coefficient of expansion.
The rollers and all surfaces that touch the glass, for in-
stance the faces of the shaping forms, are covered with
a refractory, resilient covering, for example woven or

 braided silica fiber cloth which prevents the marring of
the softened surface of the glass by contact with solid

parts of the apparatus. The rollers are conveniently
small, for instance 30 mm. in diameter.

The glass issuing from heating chamber 3 1s, with or-
dinary windshield glass, at a temperature about
500°-600° C. and the controls in chamber 4 may be set
to maintain that temperature during shaping.

The bending form 16 is made of any satisfactory ma-
terial which can be molded to the desired shape and
will harden to a rigid, undeformable shape, for instance
- refractory cement, of which several types are well
known. This form is preferably provided with a circum-
ference slightly less extensive than that of the glass
blank 1b, e.g., 15 mm. less. The hood follows the con-
tour of the glass and may conveniently be spaced about
10 mm. from it. The aspirators 18 may be any satisfac-
tory type of air pump, which by establishing a pressure
difference between the interior of the hood and outside
of its raises the glass vertically against the form. The
bending face of the form may be concave (FIG, 7) or
convex (FIG. 9). The soft, refractory facing on rollers
and forms has not been illustrated in most figures.

The concave forms (FIGS. 3-8) are used to make
simple forms of large radius of curvature. The forces
required to force the glass against the form are small
and compatible with the different requirements which
produce correct quality. These forms may be aspirated
only at the periphery or they may be provided with cen-
trally located aspiration also, as shown in FIGS. § and
6 at 21, 23 the conduits of which may be as fine as de-
sired, and may be connected to the same or difterent
aspirators. The double aspiration is particularly useful
when a double curvature is to be imparted to the cen-
tral part of the sheet. The size of the canals 23 is small,
so as to prevent any disturbance of the surface of the
glass. These canals permit the application of vacuum to
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the center of the sheet in addition to that provided at
its rim by the hood and permits the imposition of
greater curvature to the sheet. After shaping i1s com-
pleted the shaft 19 is raised, the truck is run under the
shaping form, the vacuum is released and the bent
sheet is received by gravity fall on the soft-covered sur-
face of the support 34 of conforming shape, upon
which it is transported into cooling chamber § and to
unloading station 6.

The shaping of a sheet against a bending form of con-
cave face is the more difficult as the radius of curvature
becomes the shorter and the bends the sharper and
eventually results in the degradation of the glass sur-
face, but this problem is overcome by using an upper
form of convex face, elminating surface marks dertved
from sharp bends, rub marks on the ends of the sheet,
and local deformations. Such forms are shown in FIGS.
9 and 10, wherein the face has the same shape and di-
mensions as would a convex form but the results are su-
perior with different bending operations. The mounting
of convex and concave forms within the hood is usually
the same, but there is a material point of difference:
complete contact of the whole face of the sheet against
the form can be made against a concave form of small
curvature but against an upper convex form the contact
is not usually complete. In effect, the force of applica-
tion of the glass against the form being constant the sur-
face of contact increases and the motor couple derived
from force times distance decreases and even in the

more favorable cases there remains a zone of the glass

near the periphery which is not fully in contact with the
form. The secondary apparatus of aspiration 26 (FIGS.

11 and 12) reduces this zone, the ranks of canals 27,
of small diameter, covered by porous silica cloth, do
not mar the surface or permit minor surface displace-
ment. These canals placed near the edge of the form
and only a short distance inside the edge of the sheet
are connected by conduits 27a to vacuum apparatus of
appropriate type. It will be understood that in difficult
cases the first bending operation may be followed, ac-
cording to this form of the invention, by a second Wthh
may be either mechanical or pneumatic.

In the mechanical second bending step the incom-
pletely bent sheet (FIG. 13), having been partially
shaped on the upper convex form 24 1s lowered by the
shaft 19 until it makes contact at its insufficiently bent
edge 79 with an annular form 28 which shapes it to its
final form by mechanical pressure. The pressure per-
mitted in this shaping step is limited to a degree which
will not mar the glass by mounting the frame 28 upon
balances 29-30, of which weights 29, pivoted to the
truck frame 22 by pivots 30, project tongues 29’ into
supporting position beneath the frame. As soon as the
weights lift the pressing is complete and the shaft is
raised. This can be done manually or automatically.
The form 28 may be made of the same material as form

- 24 and with the same contour and it is shaped with an

exterior circumference equal to that of form 24 and an
interior circumference a few centimeters less. By
changing the weights of the balances different degrees
of pressure are automatically achieved. During me-
chanical pressing, or afterward, the aspirators are
turned off, leaving the sheet on the form 28 when the
shaft 19 is raised.

In the pneumatlc second bending step (FIG. 14) the
truck 22 carries a form 31 penetrated by holes 31a
which are aspirated through conduit 32 and aspirator
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means 18. The lower, convex form is rigid and unde-
formable and covered by the usual woven or braided
silica cloth. When the upper aspirators are turned off
the partially bent sheet falls into the lower form and i Is
- drawn pneumatlcally into perfect conformity to its
~ shape, the force of gravity assisting. The truck is then
“run out of the bendmg chamber and the glass 1S Un-

loaded. |

The eend1tlenmg chamber S (FHG 1) IS eqmpped

‘with rollers as are the other chambers. The roof and the

“sole of this cell are provided with resistances which de-

liver the energy necessary for the estabhshment of a

6

hood detecting mechanism of a known type stops the

rollers and starts the vacuum pumps, establlshmg avac-

uum of 5-6 g./cm.? which is enough to lift the blank off
the rollers against the shaping form. After about one-

half second the shaft 19-20 raises the form, hood, and '

glass away from the rollers and the truck with the con-
cave form 28 is rolled under them, takmg about 3 sec-

~ onds to accelerate it and bring it to rest in a position to -
- receive the blank. The shaft is now lowered until the
10 glass 1s pressed against the frame 28 which is allowed

- temperature somewhat lower than that in the shaping

chamber. Thermeeeuples maintain the temperature,

The rollers serve to handle the glass when the truck is
not needed. The truck (FIG. 7) receives a convex form
34, or a concave form (FIG. 14) according to whether
the upper form is concave or convex. |

The following example illustrates the invention by
Operatlens on a windshield blank 2 mm. thlc:k of ordi-
“nary silica-soda-lime glass, using an upper convex form

24. The heed encloses the upper form, aspiration bemg |

applied at the circumference only. A concave form is
mounted on the truck (FIG. 13). The dlmensmns of the

radius of curvature of 200 mm. Wthh permits the use
“of an upper convex form. The heatmg chamber 3 is 5.4
m. long and is kept at a temperature of 800° C. at roof
and sole. The shapmg chamber is 2 m. long and is kept
at 530° C. at roof and sole. The conditioning chamber
5 is 2 m. long and kept at 500° C. at roof and sole. The
silica rollers 7 are 30 mm. in diameter, 40 mm. apart

between axes and covered with braided silica sleeves.

All of rollers 7, except those in the loading chamber 2,
“are driven at 8 linear ¢cm./sec. which suffices to main-
tain their surfaces in good condition. In shapmg cham-
ber 4 the convex for 24 within the hood 7 is in lowered
position, 5 mm. from the upper surface of the rollers.
The vacuum in the hood 7 is in lowered position, 5 mm.
from the upper surface of the rollers. The vacuum in
‘the hood is kept at 5-6 g./cm.? by two asplrator pumps,
e.g., VT 55 of Bertin. | |

In the eendltlenmg chamber 5 is the truck 22 carry- '

ing the annular frame 28 which is to be used to finish

-bending mechameally and to run the bent sheet out of

the apparatus. The blank is placed carefully on the rol-
lers of the chamber 2 so that when it reaches 15 it will
be correctly centered under the hood. The blank being
in place the following steps may be followed:

The rollers 7 of the chamber 2 are started by a cluteh'

. 1S to be bent en a .

15

5-10 mm. vertical movement by the balance weights,
which achieves the final per1phera1 pressing without
damage to the glass surface. After a few seconds (e.g.,
5) the aspirators are stopped, the upper form rises, and
the lower form on the truck removes the bent wind-

- shield, taklng not more than 5 seconds for transfer to

20

the conditioning chamber and the. apparatus 1S ready
for a new cycle.

‘The advantages of the 1nventmn are a method ancl_
apparatus of great versatility capable of working with

~all types, welghts shapes and thicknesses of glass, rap-

25

30

35

idly and without surface darnage ‘The apparatus oper-
ates pneumatically in a single step, In a-plurality of
pneumat!c steps, or in a pneumatic follewed by a me-—
ehameal pressing step. - |

As many apparently w1dely dlfferent embedlments of
the present invention may be made without departing
from the spirit and scope thereof, it is to be understood
that the invention 15 not llmlted te the Spemﬁc embedl-
ments. | - B |
More partlcu]arly the method allews to bend two
sheets together instead of one on the same apparatus
without having to change any step of the process even

~when these sheets have to be sharply bent

What 1s claimed is:
I. A method of bendmg a sheet of thermeplastle ma-

~terial which COmprises heatmg the sheet to bending

40

45

 at high speed and inject the blank 1 into the furnace 3. |

Inside the furnace the blank is slowed down on rollers
7 run at slower speed, the time in the furnace being
about 3 seconds. As soon as the blank is inside the fur-
nace the loading rollers are stopped. At the end of de-
celeration the linear speed of the rollers is about 8
cm./sec. inside the furnace. The heating ends in about
45 sec. as the blank reaches the aperture 77, with the

blank at 640°-650° C. The speecl of the rollers is related |

to the viscosity of the glass and its thickness to achieve
a perfectly heated piece. The blank is now injected at
high speed into the chamber 4 by acceleration and re-
tard, taking about 3 sec. to position it below the hood,
the acceleration having the effect of equalizing the
temperatures of the ends of the blank. The rollers

55
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temperature, placing it in alignment with a shaping

form, and lifting the sheet against the form by aspira-

tion applied through a restricted passage around the

periphery of the form and between the form and the

- skirt of an evacuated hood closely surrounding said pe-

rlphery, the rate of aspiration being such that the sheet
is lifted and bent mto contact with the shapmg surface
of the form. | |
2. The method of claim 1 Wthh meludes sunulta-
neously applying asplratlen through perferatmns In the
bending form. S |
3. The method of bendmg a sheet of thermeplastlc
material which includes the steps of heatmg the sheet

to bending temperature, placing it in alignment with a

shaping form, lifting the sheet against the form by aspi-
ration applied to the periphery of the sheet, and pneu-

- matically bending the sheet against the said shapmg |

form and perfecting the contours of the sheet by press-
ing the sheet mechanically between sald form and a

complementary form.

4. The method of claim 3 in which the cemplemen- |

tary form yields when a certain pressure is applied by '

- the said shaping form to the sheet.

65

- which position the blank beneath the hood travel at

~about 8 cm./sec. As the blank is positioned under the

5. A method of bending a sheet of flat glass which
comprises heatmg 1t to bending temperature placing it
adjacent the shapmg face of a bendmg form while it is

‘at bending temperature and adjacent the open end of

a hood containing said form, applying vacuum to the
space within the hood between the shaping face of the
form and the sheet through a passage between the cir-
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cumference of the form and the adjacent inner surface
of the hood and thereby reducing the pressure In said
space, the application of the vacuum being at a rate

such that the sheet is pneumatically lifted and bent
against the shaping surface of the form, removmg the

bent sheet from the form, and cooling it.

- 6. A method of bending a sheet of glass according to
claim 5 which comprises simultaneously applying vac-
uum to said space through passages in the bendmg
form.

7. A method of bending a sheet of glass according to
claim 5 which comprises the step of mechanically
bending a part of the vacuum-bent sheet between con-
forming pressing surfaces.

8. Apparatus for the bending of hot thermoplastic
sheets which comprises a horizontally disposed bending
form having a peripheral shape approximating the pe-
ripheral shape of the sheet to be bent, hood means en-
compassing the bending form and having an open end
approximating the peripheral shape of the sheet to be
bent, there being a clearance space between the pe-
riphery of the form and the adjacent inner wall of the
hood means, means to move a hot sheet into proximity
to and alignment with the bending form and said open
end of the hood means, and means to evacuate the
space in the hood means between the bending form and
the sheet through said clearance space. |

9, Apparatus according to claim 8 including means to
move the hood means and bending form vertically.

10. Apparatus according to claim 8 including suppie-
mental means to evacuate sald space thrcmgh the bend-

ing form. | |

11. Apparatus accordmg to claim 8 including means
to move bending means of conforming shape into align-
ment with the bending form, and means to move the
bending form and bending means relatively whereby to
press the sheet therebetween.

12. Apparatus according to claim 11 in which the
bending means is mounted on balances.

'13. Apparatus according to claim 8 in which the cir-
cumference of the unbent sheet is slightly greater than
the circumference of the bending form and less than
the circumference of the open end of the hood means.

14. A method of bending flat glass which comprises
pneumatically lifting a piece of flat glass at bending
temperature against a shaping form at bending temper-
ature and pneumatically bending it against the form,
releasing the bent glass from the form upon a second
form having a complementary shape, and completing
the bending pneumatically upon the second form.

15. In apparatus for the bending of flat glass panes
which comprises a tunnel having a plurality of intercon-
nected chambers of which a first chamber is provided
with means to heat flat glass panes to bending tempera-
ture, a second chamber is provided with bending appa-
ratus, and a third chamber comprises cooling means,
conveyor means movable between the second and third
chambers, vertically movable bending means in the
second chamber comprising an aspirated hood having
an internal periphery complementary to and slightly
longer than the periphery of the flat glass panes being
bent and means within the hood to bend the panes hav-
ing a periphery complementary to said periphery of the
hood and spaced therefrom to form a peripheral pas-
sage, means to aspirate the hood and to thereby aspi-
rate the space between said last-named means and a
pane therebelow through said peripheral passage to lift
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the pane into the hood against said means to bend the
panes when a pane is in alignment therewith, means to
raise and lower said bending means, and means to re-
lease the vacuum and release the bent pane to the con-
veyor means.

16. Apparatus according to claim 15 in which said
means to bend has a perforated} curved, bending sur-

face, and aspirator means operatively connected
thereto.
17. Apparatus according to claim 15 in which the

conveyor means includes a carriage having a surface
which conforms to the shape of the rim of the bent
pane and the bending means has a surface adapted to
press the pane against the said carriage surface, thereby
providing the pane with accurate circumferential
shape, and comprising means to move the carriage be-
neath the hood to receive the bent pane when it is re-
leased by the bending means and thence into the cool-
ing chamber. |

18. Apparatus according to claim 17 in which means
for receiving the bent pane is mounted on the carriage
upon balances which yield when a certain pressure 1s
exerted upon the pane by the bending means.

19. Apparatus according to claim 15 in which the
conveyor means includes a carriage which has a shape

corresponding to the bending face of the bending
means and to the conformation desired in the bent

‘pane and a perforated surface, and comprising aspira-

tor means operatively connected to the perforations,

and means to move the carriage beneath the hood to
receive the bent pane when 1t is released by the bending

means and thence into the cooling chamber.-

20. A method of bending flat glass panes which com-
prises aspirating the flat plane against a vertically posi-
tioned bending form and partially bending 1t, deposit-
ing the partially bent pane upon a bending form there-
beneath, and completing the bending thereon.

21. A method according to claim 20 in which the
bending on the lower form is completed by aspiration.

22. A method of bending glass panes which com-
prises heating the pane to bending temperature, mov-
ing the pane into alignment with and beneath a bending
form in spaced relation thereto, surrounding the space
between the form and pane by a hood containing the
form, pneumatically lifting the pane against the form
and bending it upon the form by withdrawing the air
from said space radially through the circumferential
passage between the peripheral edges of the form and
pane, and releasing the bent pane from the form.

23. A method according to claim 22 in which the
bending form is perforated and air is simultaneously
withdrawn from said space through the perforations in
the bending form.

24. A method of bending a sheet of flat glass which
comprises heating it to bending temperature, placing 1t
adjacent the shaping face of a bending form which 1s at
bending temperature, applying vacuum to the circum-
ference of the form and the sheet and thereby reducing
the pressure between the form and the sheet, maintain-
ing the vacuum until the sheet is pneumatically bent
against the form, mechanically bending a part of the
vacuum-bent sheet between conforming pressing sur-
faces, weighing the pressure applied between conform-
ing pressing surfaces, removing the bent sheet from the
form, and cooling it.

25. Apparatus for the bending of hot thermoplastic
sheets which comprises a horizontally disposed bending
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o form havmg a shape approxlmatmg the shape of the

" sheet to be bent, means to move a hot sheet horizon-

tally into proximity-to and allgnment with the bending
form, hood means encompassing the bending form and

having an arcuate shape conforming to the bending

path of the rim of the sheet, means to evacuate the

E ~ hood means, and means to cool the bent sheet.

26. A method of bending a sheet of thermoplastic
- matenal, such as glass, which comprises heating the
sheet to bending temperature, confining a shaping form
within an enclosure having an open lower end, placing

10

row peripheral clearance between the entire pe'riphery :
of the shaping face of the form and the wall of the en-

~ closure adjacent thereto, whereby the sheet is lifted by -

ambient pressure into engagement with the form within

- the enclosure and bent by such pressure into general“ ;

conformity with the shaping face of the form.
27, The method of claim 26 wherein the perlpheral-

- margin of the unbent sheet extemds outwardly sllghtly

10

the sheet below the form and enclosure in alignment

therewith and in spaced relation thereto, and evacuat-
ing the space between the sheet and the adjacent face
- of the form by applymg SllCthIl thereto thmugh a nar-

beyond the periphery of the form.

28. The method of claim 27 wherein the unbent sheet
fits within the open end of the enclosure. |

29. The method of claim 26 which includes szmulta-

" neously applymg suction to said space through passages
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