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VARIABLE RADIUS DEFLECTOR

The present invention relates to glassware forming machines, and more
particularly to the curvature of the deflector that directs molten glass gobs into the blank mold
of a glassware forming machine.

Background and Objects of the Invention

In individual section glassware forming machines, mold charges or gobs of molten
glass are fed by a gob distributor along troughs to the machine sections in sequence, and then by
deflectors at each machine section into the blank molds at that section. The deflectors have an
arcuate contour to convert the downwardly angled motion along the troughs to vertical motion
into the blank molds. U.S. Patent 4,772,306 teaches that the centerline of the deflector lies along
a spiral curve in which the radius varies as a function of angle. Thus, in FIG. 8 of the present
application, the radius of the centerline of the deflector curve varies according to the equation
r = C/0F, where 0 is angle from the deflector exit end, C is a constant that is determined at a
selected (t,0) coordinate pair, and P is an exponent that controls the shape of the curve. The
deflector curve has a minimum radius at the entrance end from the associated trough, and a
maximum radius at the exit end above the associated blank mold. The height of the deflector is
controlled by the layout of the machine, and is specified as the intersection height a, which is the
vertical distance above the deflector exit to a point that intersects the trough centerline.

A major concern in the design of gob deflectors is the normal or radial force
exerted by the deflector on the gob due to centrifugal acceleration during travel of the glass gob
along the deflector. A positive normal force throughout travel along the deflector is necessary
to maintain control of the gob, and to control loading of the gob into the blank mold. However,

excessive normal force increases heat transfer from the gob to the deflector, increases friction
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between the gob and the surface of the deflector, causes greater elongation of the gob, and cools
the gob on the side in contact with the deflector, which undesirably can lead to distortion of the
blow molded glass container. Furthermore, a high normal force at the exit end of the deflector
would allow the gob to continue to travel outward as the gob leaves the exit end of the deflector,
rather than vertically downwardly into the associated blank mold. A general object of the present
invention is to provide a gob deflector that addresses these areas of concern.

Summary of the Invention

In accordance with the present invention the curved portion of the deflector is
defined by two spiral curves that connect at a central portion of the deflector. The spiral curves
are reflected about a line perpendicular to the intersection of the two curves, so that the minimum
radius of each spiral curve is at the point where the curves meet. The exponent P and constant
C for each curve can be specified independently.

Thus, a gob deflector in accordance with one aspect of the present invention has
an entry end for receiving molten glass gobs, an exit end for directing the glass gobs into a blank
mold of a glassware forming machine, and a curved portion between the entry and exit ends. The
curved portion has an arc defined by an upper curve contiguous with the entry end of the
deflector and a lower curve contiguous with the exit end of the deflector. The upper and lower
curves have radii as differing functions of angle along the curved portion of the deflector.

In the preferred embodiments of the invention, the lower curve adjacent to the exit
end of the deflector is defined by the equation r1 = C1/61%", where r1 is the radius at angle 01,
and C1 and P1 are constants. The upper curve adjacent to the entry end of the deflector is
defined by the equation 12 = C2/62%, where 12 is the radius at angle 62, and C2 and P2 are
constants. The curves have minimum radii r1,;, = 12,;, where the curves meet at the central

portion of the deflector curved portion. At least one of the constants P1 and P2 is non-zero. In

2
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the preferred embodiments, the constant P1 is non-zero, and the constant P2 may be non-zero or
may be equal to zero such that the upper curve has a constant radius 12 = C2.
Brief Description of the Drawings

The invention, together with additional objects, features, advantages and aspects
thereof, will best be understood from the following description, the appended claims and the
accompanying drawings, in which:

FIG. 1 is a schematic diagram of a gob feed system in accordance with one
presently preferred embodiment of the invention;

FIG. 2 is a graph that illustrates curvature of the gob deflector in the system of
FIG. 1;

FIG. 3 is a graphic illustration of deflector curvature in accordance with two
preferred embodiments of the invention as compared with the prior art;

FIG. 4 is a schematic diagram that illustrates normal force applied to thes glass gob
during travel along the deflector;

FIGS. 5-7 are graphs that illustrate operation of two presently preferred
embodiments of the invention; and

FIG. 8 is graph that illustrates deflector curvature in accordance with th.e prior art.
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Detailed Description of Preferred Embodiments

FIG. 1 illustrates a molten glass gob delivery system 20 to one blank mold of an
individual section glassware forming machine. A gob distributor 22 receives molten glass gobs
24 from a suitable source (not shown), and feeds the glass gobs along troughs 26 to the individual
machine sections. At each machine section, one or more deflectors 28 receive and deflect gobs
24 into associated blank molds 30. Each gob deflector 28 has an entry end 32 for receiving gobs
from an associated trough 28, an exit end 34 for directing the gobs'vertically downwardly into
an associated blank mold 30, and a curved portion 36 that extends between the entry and exit
ends. It will be appreciated that FIG. 1 schematically illustrates oﬁly one trough 26 and deflector
28 associated with one blank mold 30 of ohe machine section. Each machine section may
contain several blank molds 30 with associated deflectors 28 and troughs 26, with associated
gobs 24 being fed to troughs 26 by gob distributor 22.

FIG. 2 illustrates the curvature of the center line of deflector central portion 36
between entry end 32 and exit end 34. The curvature of central portion 36 has an arc defined by
an upper curve 40 contiguous with entry end 32 and a lower curve 34 contiguous with exit end
34. Lower curve 42 has aradius r1 = C1/01"!, where r1 is the radius of curvature, 61 is the angle
from a line 44 perpendicular to the exit angle of the deflector (preferably horizontal), and C1 and
P1 are constants. Upper curve portion 40 has a radius of curvature 2 = C2/062%, where 12 is
radius of curvature, 62 is angle from a line 46 perpendicular to the entrance angle to the deflector
(trough angle ¢), and C2 P2 are constants. At the central portion of the deflector where curves
40,42 meet, at the angle ©M from line 44, r1 =12 =r,;,. Intersection height a and trough angle
¢ are determined by the design of the glassware forming machine. Upper curve 40 preferably
is tangent with trough angle ¢, and lower curve 42 preferably is tangent with the wvertical

centerline of blank mold 30.
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FIG. 3 illustrates the curvature of three exemplary deflectors, design 15 and design

16 in accordance with embodiments of the present invention, and a standard deflector 17 in

accordance with the prior art. The following table gives parameters for the three designs:

Design Min. P1 C1 P2 C2 Match
Radius Angle
(r min, cm) (6M, degrees)
17 32.61 0.6193 14.0153 N/A N/A 66.0000
15 63.5 0.6 13.9097 0 25 21.5650
16 63.5 0.4 24.1950 0 25 52.7945

Intersection height a for each deflector is 76.1 cm, and trough angle ¢ for each design is 24°.
FIG. 4 is a schematic illustration of normal or radial force exerted by the deflector
on the glass gob due to centrifugal acceleration, with the magnitude of the normal force being
illustrated by the lengths of the arrows perpendicular to the curvature of the deflector. Normal
accelerations for designs 15, 16 and 17 are shown in FIG. 5. For all examples, the gob entrance
velocity is 6 m/s and coefficient of friction is 0.125. The upper right of each curve is the
acceleration at the entrance to the deflector and the lower left is acceleration at the exit. The
analysis shows that the normal acceleration at the entry end of the deflector is drastically reduced
by designs 15 and 16 in accordance with the presenf invention. A.lso, the normal acceleration
approaches zero asymptotically in design 15, and approaches zero more abmptly in design 16.
(The normal acceleration approaches zero approximately linearly” for P1 = 0.5.) Constant P1
preferably is in the range of 0.4 to 0.7. Constant P2 preferably is in the range of zero to 0.5.
FIGS. 6 and 7 respectively illustrate tangential acceleration and velocity for

designs 15, 16 and 17, with the right end of each curve at the entrance to the deflector and the



10

WO 2006/044094 PCT/US2005/033545

lett end of each curve at the exit end of the deflector. As shown in FIG. 6, the glass gob has less
deceleration at the entrance end of deflector designs 15 and 16, and therefore slightly higher
velocities (FIG. 7) throughout the length of the deflector.

There thus has been disclosed a gob deflector that fully achieves all of the objects
and aims previously set forth. The present invention has been disclosed in conjunction with a
number of presently preferred embodiments, and various modifications and v ariations have been
discussed. Other modifications and variations readily will suggest themselves to persons of
ordinary skill in the art without departing from the scope of the present invention. The present
invention is intended to embrace all such modifications and variations as fall within the spirit and

broad scope of the appended claims.
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Claims

L.

A gob deflector having an entry end (32) for receiving molten glass gobs and exit
end (34) for directing the glass gobs into a blank mold (30) of a glassware forming machine,

said deflector having a curved portion (36) between said entry and exit ends,

said curved portion having an arc defined by an upper curve contiguous with said
entry end and a lower curve contiguous with said exit end,

said lower curve being defined by the equation r1 = C1/81%, where r1 is radius
at angle 01, and C1 and P1 are constants,

said upper curve being defined by the equation 12 = C2/062%%, where 12 is radius
at angle 062, and C2 and P2 are constants,

said curves having minimum radii r1 ;, =12,,;, where said curves meet ata central
portion of said curved portion,

at least one of said constants P1 and P2 being non-zero.

2.

The deflector set forth in claim 1 wherein said constant P1 is non-zero.

3.

The deflector set forth in claim 1 wherein said constant P2 is non-zero.
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4,
The deflector set forth in claim 1 wherein said constant P2 is zero, such that said

upper curve portion has a constant radius 12 = C2.

5.
The deflector set forth in claim 2 wherein said constant P1 is in the range of 0.4

to 0.7.

6.
A gob deflector having an entry end (32) for receiving molten glass gobs and an
exit end (34) for directing the glass gobs into a blank mold (30) of a glassware forming machine,
said deflector having a curved portion (36) between said entry and exit ends,
said curved portion having an arc defined by an upper curve contiguous with said
entry end and lower curve contiguous with said exit end,
said upper and lower curves having radii as differing functions of angle along said

curved portion.

7.
The deflector set forth in claim 6 wherein both of said curves have radii that vary

with angle.

8.
The deflector set forth in claim 6 wherein said upper curve has a constant radius

as a function of angle.
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9.
The deflector set forth in claim 6 wherein said lower curve is defined by the
equation rl = C1/01%!, where r1 is radius at angle 61, and C1 and P1 are constants,
said upper curve is defined by the equation r2 = C2/062%?, where r2 is radius at
angle 62, and C2 and P2 are constants,
said curves having minimum radii 11, =12, where said curves meet ata central
portion of said curved portion, and

at least one of said constants P1 and P2 is non-zero.

10.

The deflector set forth in claim 9 wherein said constant P1 is non-zero.

11.

The deflector set forth in claim 9 wherein said constant P2 is non-zero.

12.
The deflector set forth in claim 9 wherein said constant P2 is zero, such that said

upper curve portion has a constant radius 2 =C2.
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