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PERFORATED VACUUM HOLD DOWN
SURFACE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present 1invention relates to perforated sheet material
used 1n vacuum hold down systems and to vacuum hold down
systems which utilize said perforated sheets. Such vacuum
hold down systems are used 1n the cutting of sheet material
such as cloth and leather in connection with production of
clothing, upholstery and the like.

In operation, a vacuum hold down system provides for a
reduced pressure on the bottom side of a perforated sheet.
When a sheet of workpiece material 1s laid on the topside of
the perforated sheet, the vacuum draws the sheet workpiece
material down against the table and acts to resist lateral
motion of the workpiece across the table, even under the
influence of forces resulting from cutting. In the prior art of
which I am aware, hold down surfaces for use with fabrics and
impermeable sheet material such as leather have included
straight rows of relatively uniformly spaced holes wherein the
holes have an average diameter of about 0.013 1nch, and the
space between the holes 1s about 0.048 inch between the hole
centers and the wall thickness between adjacent holes 1s about
0.035 inch. The spacing between the lines of holes 1s about 0.5
inches.

Prior art vacuum systems with uniformly distributed holes
waste some of the available vacuum because a substantial
fraction of the holes are not covered by the workpiece.

In the prior art vacuum surface sheets, the perforated sheets
have tended to fail under the intfluence of the downward
pressure of the cutting tool. Failures have generally occurred
along the straight lines of spaced holes.

BRIEF SUMMARY OF THE INVENTION

There are two major aspects to the invention. The first
major aspect of the invention lies 1n controlling the density of
the number of holes and hole diameters across the table so as
to maximize the effectiveness of the vacuum system in hold-
ing down workpiece materials. This aspect relates to the
arrangement of holes on a large scale.

The second aspect concerns the geometric arrangement of
the perforations or holes in the vacuum surface table. This
aspect relates to the arrangement of holes on a small scale.
Hole arrangements and patterns are described which reduce
the likelithood of the table surface cracking and thereby
increase the service life of the table. In one embodiment, the
holes are disposed on curved rather than straight lines. In
another embodiment the holes are arranged with controlled
average hole spacing.

Both mnvention aspects can be combined 1n a perforated
sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a vacuum worktable with
associated cutter means, and a prior art surface hole pattern;

FI1G. 2 1s a cross section through a hole 1n a vacuum work
table surface;

FIG. 3 shows the hole pattern used 1n the prior art;
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FIG. 4 shows a surface hole pattern with an increased hole
density 1n the region of the sheet where the workpiece 1s

located;

FIG. 5§ shows another hole matter with an increased hole
density in the region of the sheet where the workpiece 1s
located;

FIG. 6A shows a surface hole pattern with a workpiece
zone and an outer zone;

FIG. 6B shows exemplary variations in the hole density,
from the center of the workpiece zone to the edge of the table,
in the surface hole pattern of FIG. 6A; and

FIG. 7 shows various hole patterns of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The 1invention can be understood through consideration of
the figures.

FIG. 1 shows 1n schematic form a vacuum worktable of the
type used to process sheet material such as cloth and leather.
The table includes a supporting structure such as legs, 10. The
table itself comprises a working table surface 24 which 1s the
top surface of a flat sheet of material 20 which 1s essentially
impervious to air. The sheet 20 contains a multiplicity of
holes or perforations 22 which pass through the thickness of
the sheet and connect the top major surface 24 of the sheet 20
ol the sheet with the bottom major surface 26 of the sheet 20.
Located beneath the surface sheet 20 1s a plenum 30 which 1s
connected to a vacuum system 40. The plenum 1s efficiently
sealed to the bottom surtace 26 of the work table surface sheet
20. In operation, the vacuum system reduces the pressure 1n
the plenum 30 to below the ambient or atmospheric pressure.
This causes air flow through the holes 22. The air flow through
the holes 22 and the pressure differential across the surface
sheet, between surfaces 24 and 26, causes a down force on the
sheet workpiece material which is placed on the table, and the
down force acts to resist movement of the workpiece on the
table.

Also shown 1 FIG. 1 1s a gantry 50 which 1s adapted to
move relative to the table and a cutter assembly 60 which 1s
mounted on gantry 50 which 1s adapted to more relative to the
gantry 50. The combination of gantry motion and cutter
motion provides and X and Y motion of the cutter assembly
60 permitting the cutter assembly 60 to cut the sheet material
in a manner which 1s controlled by the cutter motion and the
gantry motion. The cutter assembly 60 also provides rotary
motion of the cutter about the Z-axis, perpendicular to the X
and Y-axes, so that the cutter can be oriented 1n the direction
of the desired cut. The cutter 65, may be either a single edge
knife blade, or a rotating disk having a sharpened edge (a
pizza cutter). In practice, the cutter assembly 60 and gantry 50
motions are controlled by controller 68, which maybe for
example a computer, and the cutter acts on the sheet work-
piece material to cut out predetermined shapes.

The surface sheet of the worktable may be made of a
variety of maternials. A primary requirement 1s that the mate-
rial be essentially impervious to air. In a typical table used for
cutting cloth and leather, the material I have used 1s polypro-
pylene of a thickness of about 0.2 inches. Other plastic mate-
rials may be used for the table surface. Also 1n practice, where
table surfaces are large, a skeletal supporting structure (not
shown) 1s provided within the vacuum plenum to support the
surface sheet at numerous points over its area 1n order to
minimize sheet deflection under the action of the vacuum.

FIG. 2 shows a cross section of the surface sheet 20 includ-
ing a cross section through holes 22 which passes through

surface sheet 20. The holes 22 are defined by surfaces 28
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which pass from the one major surface 24 to the other major
surface 26 of surface sheet 20. The holes may be circular 1n
cross section or may have any other cross-section. The tables
produced by the assignee of the present invention have oval
holes. When non-circular holes are used, the term effective
diameter will be used to define the non-circular holes 1n terms
of circular holes of equal area. The holes may be produced by
laser drilling or any other appropriate technique.

The holes 22 have effective diameters of approximately
0.0008 to 0.030 inches. Holes that are smaller 1n diameter
than about 0.0008 inches are prone to blockage by dust and
debris resulting from the cutting operation while holes greater
than about 0.030 inches are undesirable since they can inter-
tere with the motion of the cutting tool.

FIG. 3 illustrates the hole pattern used 1n prior art tables
produced by the Assignee of the present invention and its
corporate predecessors. As shown in FIG. 3, the hole pattern
used 1n the prior art consists of numerous holes having an
average diameter of 0.013 1n. arranged 1n straight parallel

rows. The spacing of the holes within the rows 1s about 0.048
in. measured from the center of one hole to the center of the
next hole. This leaves a wall thickness of about 0.035 in. In
this arrangement, each hole (except for holes of the edges of
the sheet) has two nearest neighbors, and the hole and its
nearest neighbors lie on a straight line.

The present invention relates to vacuum tables used to cut
sheet material such as cloth and leather. The cutter 65
mounted 1n the cutter assembly 60 shown 1n FIG. 1, either a
rotating sharpened cutting wheel, or a non-rotating stationary
knife, bears down on the top surface 24 of the surface sheet 20
during the cutting operation. The cutter 1s forced against the
top surface 24 to Completely cut the workpiece sheet material.
It has been found 1n past practice that the prior art surface
sheet 20 tends to fail by cracking along the lines of holes
shown 1n FIG. 3. The cracking apparently results from the
cutter being forced against the table.

A common use for vacuum tables and vacuum tables with
cutting equipment such as has been previously described 1s 1n
the cutting of leather hides. The vacuum table designs previ-
ously used have had constant hole densities (measured as
holes per square foot) over their entire surface, where the hole
density 1s the number of holes per unit area multiplied by the
cross-sectional area of the holes, or the sum of the hole areas
in a unit area of table surface.

A higher hole density produces a greater down force on the
workpiece, for a given pressure differential across the surface.
Higher down forces are generally desired 1n the workpiece
zone, 1 prefer to have at least 3 pounds per square foot and
preferably at least 5 pounds per square foot of down force on
the workpiece. However, if the aperture density 1s high over
the entire surface, the vacuum system maybe overloaded;
certainly power consumption and noise levels will be
increased.

In the prior art constant hole density tables, 1t has been
common practice to place plastic sheeting over portions of the
table which will not be covered by the workpiece, but this
adds to material and labor costs.

According to the present invention, vacuum table surfaces
are produced having at least two zones. At least one zone (the
inner or workpiece zone) corresponds approximately in size
and shape to the size and shape of the workpieces to be
processed. The hole density 1n the workpiece zone 1s greater
than the hole density over the balance of the table. Preferably,
the hole density 1n the workpiece zone(s) 1s at least about 20%
greater than the hole density 1n the balance of the table area.

The down force produced by a vacuum table 1s approxi-
mately proportional to the hole density (assuming the pres-
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sure differential across the table surface 1s constant). Thus,
the mvention can also be described 1n terms of the difference
in down force on a workpiece in the different zones on the
table. In the workpiece zone(s) which corresponds approxi-
mately to the size and shape of the intended workpiece, the
average down force, per unit area, on a workpiece 1s greater
than the average down force which would be observed on a
workpiece outside of the workpiece zone. Preferably the
down force 1s the workpiece (zones) 1s at least about 20%
greater than the down force 1n other areas of the table surface.

When a workpiece, such as a cowhide, 1s placed on the
vacuum table 1n preparation for cutting, the common practice
1s to cover the edges of the cowhide with strips of thin plastic
called “plastic overlay” material in the art. The purpose of the
plastic strips 1s to seal the hide periphery to the vacuum table
and to prevent air from leaking between the irregular hide
contour surface and the flat vacuum table surface.

The mmvention includes the provision of a vacuum hold
down table for use with 1rregularly shaped products such as
hides which the table work surface includes at least one
workpiece zone having a particular density and spacing of
holes wherein the workpiece zone 1s the region which will be
largely covered by the workpieces to be cut. Conversely, the
workpiece zone 1s sized and shaped so that the majority
intended workpiece will lie in the workpiece zone. There 1s
another region, the outer zone, which has a reduced density
and spacing of holes relative to the central region. There may
also be one or more mtermediate zones between the 1nner
zone and the outer zone. The number density and/or hole
diameters in the one or more intermediate zones are arranged
to produce a decrease 1in hole density in the direction between
the workpiece zone and the outer zone.

FIG. 4 1llustrates 1n schematic form how the hole density
can be changed on the surface of a vacuum hold down table by
changing the diameter of the holes on the lines which are
generally outside of the region where the workpiece will
cover the table (the workpiece zone). In FIG. 4 the hole size 1s
reduced as the rows move away from the outline of the work-
piece 1nto the outer zone 83; an equivalent result can be
obtained by using constant diameter holes and changing the
spacing between the holes to provide a higher hole density 87
in the workpiece zone 80. Finally, the size and spacing of
holes can simultaneously varied to achieve the desired result.

FIG. § shows an arrangement in which an outline 1s drawn
around the outline of the workpiece. A pattern of holes within
the outline provides a first down force per unit area of work-
piece. Concentric lines of holes extend around the workpiece
outline. The concentric lines have hole densities which
decrease with distance from the outline of the workpiece and
provide a reduced down force relative to the down force 1in the
workpiece zone. The hole density can be decreased by either
decreasing the number of holes while maintaining the same
diameter or by decreasing the diameter of the holes/unit area
while maintaining roughly the same number of holes per unit
area or some combination thereof.

It will be understood that one aspect of the invention 1s to
arrange the size and spacing of the apertures on the vacuum
table with due consideration to the workpieces to be pro-
cessed in such a fashion that the down force in the central zone
of the workpiece 1s greater than about 3 1bs./sq. 1t. and pret-
erably greater than about 5 1bs./sq. It. and that the down force
produced by the holes which are more than approximately
12" or so outside of the workpiece zone be less than the
average down force 1n the workpiece zone.

As shown 1n FIGS. 6 A and 6B, the transition between the
workpiece zone and the region away from the workpiece zone
may be accomplished 1n a variety of ways. FIG. 6 A shows, in
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schematic form, a vacuum table with a workpiece zone 100,
and an outer zone 110. FIG. 6B shows some examples of how
the aperture density can vary between the workpiece zone and
the outer periphery of the table. FIG. 6B plots down force
(force per unit area) vs. distance on the work table surface
along the line A-B-C 1n FI1G. 6 A. Curve 120 shows a constant
aperture density within the workpiece zone, and a step down
to a lesser constant aperture density in the outer zone. Curve
130 shows a smoothed step reduction in aperture density.
Curve 140 shows a smoothed two step reduction 1n aperture
density. Curve 150 shows a three-step reduction 1n aperture
density. Curve 160 shows a constant rate reduction in aperture
density. These curves are only examples of the many ways 1n
which aperture density can vary between a high aperture
density workpiece zone and the balance of the table.

It will be appreciated that the invention concept of varying,
the hole density 1n different areas or zones of the table can be
used to design a vacuum table surface that takes into account
other factors, including the provision of enhanced hold down
forces where large numbers of cuts are anticipated.

A second aspect of the present invention relates to the
arrangement of the holes 1n the surface sheet so as to increase
the life of the sheet before cracking occurs. This 1s shown in
FIG. 7. By arranging the holes along curved lines, rather than
straight lines, the likelithood of fracture 1s reduced. Holes 1n
the table have nearest neighbor holes. The hole and its nearest
neighbors lie on a curved line. Thus 1n FIG. 7 holes may be
arranged along a generally sinusoidal curved line 182. Holes
may also be arranged along curved or semicircular or com-
pletely circular patterns 184, and 186, 1llustrates a pattern of
concentric circles, 188 shows a pattern of out of phase sinu-
soidal curves with intervening circular patterns. There are
limitless patterns of curves which can be employed. In gen-
eral, the average radius of curvature of a line of holes should
be from 1 to 100 1n. The hole spacing and/or effective hole
diameter may be varied along the curved line.

I require that there be from about 1,000 holes per square
toot and preferably at least about 2,000 holes per square foot
of the previously mentioned diameters, 0.008 to 0.030. I
particularly prefer to have from about 2,000 to about 4,500
holes per square foot having an average diameter of from
about 0.018 to about 0.025 1n. When the holes are disposed on
curved lines, I prefer that the lines of curvature have average
radn ranging from about one inch to 100", It 1s also possible
to provide a hole patterns 1n which the holes are spaced apart
to reduce cracking. In this case I prefer that the nearest hole be
located at least 0.060 away on average from adjacent holes,
measured from hole center to hole center, and that a minimum
average wall thickness of 0.040 exist between all adjacent
holes.

Although this invention has been shown and described
with respect to the detailed embodiments thereot, 1t will be
understood by those skilled 1n the art that various changes in
form and detail thereof may be made without departing from
the spirit and scope of the mvention.

What 1s claimed 1s:

1. A vacuum hold down table which includes:

a) a [perforated] fable surface sheet for receiving a work-
piece, said workpiece being a sheet of material;

b) a frame and support system to locate and support said
table surface sheet while providing fluid access to the
bottom of said table surtace sheet;

¢) at least one plenum assembly located beneath said table
surface sheet, said at least one plenum assembly having
side walls which abut said table surface sheet, at least
about the periphery of said table surface sheet;
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d) a vacuum system adapted to reduce the pressure in the
plenum assembly to below ambient pressure; thereby
creating a pressure differential across the thickness of
[the] said table surface sheet;

¢) said table surtace sheet having perforations located 1n at

least two zones, with different aperture densities 1n dii-

ferent zones, whereby different effective hold down

forces are produced on a workpiece in the different
zones, wherein there 1s a central zone, whose size and
shape corresponds approximately to the size and shape
of the workpiece and an outer zone which 1s outside of
the central zone;

) wherein the number and size of the perforations 1n the
[inner] central zone combine to produce a first hold
down force on the [sheet] workpiece located in the
[inner] central zone, and the number and size of the
perforations 1n the outer zone combine to produce a
second, lesser, hold down force on sheet material located

in the outer zone.

2. A vacuum hold down table which includes:

a) a [perforated] surface sheet for supporting a workpiece;

b) a frame and support system to locate and support said
surface sheet, while providing fluid access to the bottom
of said surface sheet;

¢) at least one plenum assembly located beneath said sur-
face sheet, said at least one plenum assembly abutting
said surface sheet at least about the periphery of said
[table] surface sheet;

d) a vacuum system adapted to reduce the pressure 1n the
plenum assembly to below ambient pressure, thereby
creating a pressure differential across the thickness of
[the] said surface sheet;

¢) said surface sheet having perforations, wherein said
perforations are located on curved lines, wherein the
average radius of curvature i1s from about 0.1 and 100
inches.

3. A vacuum hold down table as 1n claim 2 1n which the
perforations in [the] said surface sheet are distributed [so that
there is a), said surface sheet having a workpiece zone and an
outer zone, the workpiece zone [have] kaving an increased
hole density relative to [an] ¢tke outer zone.

4. A vacuum hold down table as 1n claim 3 1n which the
density and size of the perforations in the workpiece zone
combine to produce a hold down force per unit which 1s
greater than the hold down force per unit area produced in the
outer zone.

5. A vacuum hold down table comprising a perforated work
table surface, and means to cause a pressure differential
across said perforated work table surface so that ambient
pressure causes a down force on workpieces placed on said
perforated work table surface, said perforated work table
surface having at least 1,000 perforations per square foot,
wherein said [workpiece] perforated worktable surface has at
least one zone where the aperture density, in combination
with the pressure differential produces a hold down force on
a workpiece which 1s at least 20% greater than the hold down
force produced on a workpiece on the balance of the perfo-
rated work table surface, wherein the apertures 1n at least
[the] a center zone are arranged on curved lines.

6. A vacuum hold down table as in claim 5 wherein the
perforations are about 2,100 perforations per square foot.

7. A vacuum hold down table for holding a workpiece, the
vacuum hold down table including:

a table surface sheet having a first zone and a second zone,

each zone having perforations;

a enclosed space under said table surface sheet; and
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a vacuum system adapted to rveduce the pressure in the
enclosed space below the ambient pressurve and create a
pressure differential across the table surface sheet,

wherein the perforations in the first zone produce a first
hold down force, and the perforations in the second zone
produce a second hold down force, the second hold
down force different than the first hold down force,
wherein the perforations in the first zone have a first
density and the perforations in the second zone have a
second density, wherein the first density differs from the
second density.

8. The vacuum hold down table of claim 7 wherein spacing
of the perforations, the number of perforations, or the effec-
tive diameter of the perforations is varied to produce a first
perforations density in the first zone which differs from a
second perforations density in the second zone.

9. The vacuum hold down table of claim 7 wherein the first
zone has a size or a shape that corresponds approximately to
the workpiece.

10. The vacuum hold down table of claim 7 whevrein at least
a number of the perforations are arranged along at least one
curved line.

11. The vacuum hold down table of claim 7 whevrein at least
a number of the perforations ave arvanged along a generally
sinusoidal line.

12. A vacuum hold down table for holding a workpiece, the
vacuum hold down table including:

a surface sheet having perforations located on at least one

curved line;

an enclosed space located under the surface sheet; and

a vacuum system adapted to rveduce the pressure in the
enclosed space below the ambient pressurve and create a
pressure differential across the surface sheet.

13. The vacuum hold down table according to claim 12
wherein the at least one curved line having an average vadius
of curvature from about 0.1 inches to about 100 inches.

14. The vacuum hold down table accorvding to claim 12
wherein the perforations in the surface sheet are distributed,
the surface sheet having a first zone and a second zone, the
perforations in the first zone having a first density different
than a second density of the perforations in the second zone.

15. The vacuum hold down table according to claim 12
wherein the perforations in the surface sheet arve distvibuted,
the surface sheet having a workpiece zone and a second zone,
and wherein the number of perforations and the size of the
perforations in the workpiece zone produce a workpiece hold
down force per unit area and whevein the number of perfora-
tions and the size of the perforations in the second zone
produce an outer hold down force per unit area when the
surface sheet is subject to a pressure diffevential, the work-
piece hold down force per unit area different than the second
hold down force per unit area.

16. A vacuum hold down table comprising:

a table surface having a perforation density of at least
1,000 perforations per square foot, the perforations
operative to produce a down force across the table sur-
Jace when subject to pressure differential, the table sur-
Jace having a first zone in which the perforation density
is adapted to subject a workpiece positioned therein to a
down force which is greater than the down force pro-
duced on a workpiece positioned on the table surface but
not positioned in the first zone; and

a plenum system for subjecting the table surface to a pres-
sure differential and generating a down force acrvoss the
table surface.

8

17. The vacuum hold down table of claim 16 wherein at
least a number of the perforations in the first zone arranged
on curved lines.

18. The vacuum hold down table of claim 16 wherein at

> least a number of the perforations ave arranged along a
generally sinusoidal line.

19. A vacuum hold down table of claim 16 wherein the
perforation density is about 2,100 perforations per square

foot.
20. A hold down table for holding a workpiece, the hold

down table including:

a table surface sheet having a first zone and a second zone,
whevrein the first zone and the second zone have perfo-
rations operative to generate a hold down force when
subject to a pressure differential acrvoss the table surface
sheet, the hold down force produced in the first zone
different from the hold down force produced in the sec-

ond zone, wherein the first zone has a greater perfora-
tion density than the second zone.

21. The hold down table according to claim 20 further

including a plenum system adapted to create a pressure dif-

ferential across the table surface sheet.

22. The hold down table accovding to claim 20 wherein at
25 least a number of the perforations in at least the fivst zone are
located on curved lines.

23. The hold down table accovding to claim 20 wherein at
least a number of the perforations are arranged along a
generally sinusoidal line.

24. The hold down table according to claim 20 wherein the
number, the effective diameter, ov spacing of the perforations
in the first zone is varied such that the hold down force
produced in the first zone is greater than the hold down force
produced in the second zone.

25. The hold down table according to claim 20 whevein the
first zone has a size ov a shape that corresponds approxi-
mately to the workpiece.

26. A hold down table comprising:

a table surface the table surface having a first zone and
having a perforation density of at least 200 perforations
per squarve foot or 10% of the first zone, the perforations
operative to produce a down force across the table sur-
Jace when subject to pressure differential, the perfora-
tion density is adapted to produce a down force which is
greater than the down force produced outside the first
zone, a predetermined number of the perforations in the
first zone arranged on curved lines.

27. A vacuum hold down surface according to claim 26
wherein the perforations have a perforation density of about
2,100 perforations per square foot.

28. A hold down table comprising:

a table surface having a perforation density of at least
1,000 perforations per square foot, the perforations
operative to produce a down force across the table sur-
Jace when subject to pressure differential, the table sur-
Jace having a first zone in which the perforation density
is adapted to produce a down force which is greater than
the down force produced outside the first zone, a prede-
termined number of the perforations in the first zone
arranged on curved lines.

29. A vacuum hold down surface according to claim 28
wherein the perforations have a perforation density of about
2,100 perforations per square foot.

30. The hold down table according to claim 28 further
65 including:

means to subject the table surface to a pressure differential
and generate a down force across the table surface.
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31. The hold down table according to claim 28 wherein a
predetermined number of the perforations arve arranged
along a generally sinusoidal line.

32. The hold down table according to claim 28 wherein the
size orv a shape of the first zone corresponds approximately to 53
the workpiece.

33. A vacuum hold-down surface for holding a workpiece,
COmprising:

a surface sheet having perforations located along at least

one curved line; 10
the perforations of the surface sheet being arranged to
generally conform to a surface of the workpiece;

the perforations of the surface sheet operative to provide a
vetention force on the workpiece when a pressure differ-
ential is applied across the surface sheet. 15

34. The vacuum hold down surface according to claim 33
wherein the at least one curved line has an average radius of
curvature from about 0.1 inches to about 100 inches.

35. The vacuum hold down surface according to claim 33
wherein the perforations in the surface sheet arve distvibuted, 20
the surface sheet having a first zone and a second zone, the
perforations in the first zone having a first density that differs
from a second density of the perforations in the second zone.

36. The vacuum hold down surface according to claim 35
wherein the first zone corresponds approximately in size or 25
shape to the workpiece.

37. The vacuum hold down surface according to claim 33
wherein the curved line is a generally sinusoidal line.

38. A vacuum hold-down surface for holding a workpiece,
COmprising: 30

a table surface sheet for rveceiving the workpiece;

a central zone having a size and a shape that corresponds
approximately to the workpiece and an outer zone
deposed about the central zone;

said table surface sheet having perforations located in at 35
least the central zone and the outer zone, said zones
having differvent aperture densities for providing differ-
ent effective hold down forces on the workpiece.

39. The vacuum hold-down surface according to claim 38,
wherein the perforations in the central zone conveys a first 40
hold down force on the workpiece in the central zone, and the
perforations in the outer zone conveys a second hold down
force on the workpiece in the outer zone.

40. The vacuum hold-down surface accorvding to claim 38,
wherein the second hold down force is lesser than the first 45
hold down force.

41. The vacuum hold-down surface according to claim 38,
wherein at least a number of the perforations in the central
zone are arranged on curved lines.

10

42. The vacuum hold-down surface according to claim 38,
wherein at least a number of the perforations ave arranged
along a generally sinusoidal line.

43. The vacuum hold-down surface according to claim 38,
wherein the perforations have a perforation density of at least
1,000 perforations per square foot.

44. A vacuum hold down surface according to claim 38
wherein the perforations have a perforation density of at least
2,100 perforations per square foot.

45. A vacuum hold down surface according to claim 38
wherein the perforations have a perforation density of at least
200 perforations per square foot or 10% of the central zone.

46. A vacuum hold down table comprising a perforated
work table surface having at least one inner zone and at least
one outer zone, and means to cause a pressure differential
across said perforated work table surface so that ambient
pressure causes a down force on workpieces placed on said
perforated work table surface, said perforated work table
surface having an aperture density of at least 200 perfora-
tions per square foot or 10% of the at least one inner zone,
wherein the aperturve density, in combination with the pres-
sure differential produces a hold down force on a workpiece
which is at least 20% greater than the hold down force pro-
duced on a workpiece on the balance of the perforated work
table surface, wherein the apertures in at least a center zone
are arranged on curved lines.

47. A vacuum hold down surface according to claim 46
wherein the perforations have a aperture density of about
2,100 perforations per square foot.

48. A vacuum hold-down surface for holding a workpiece,
COmprising.

a table surface sheet for receiving the workpiece;

a central zone having a size and a shape that corresponds
approximately to the workpiece and an outer zone
deposed about the central zone;

said table surface sheet having perforations located in at
least the central zone and the outer zone, said zones
having different aperture densities for providing differ-
ent effective hold down forces on the workpiece;

wherein said table surface sheet has an aperture density of
at least 200 perforations per square foot or 10% of the
central zone.

49. A vacuum hold down surface according to claim 48

wherein the perforations have an aperture density of about
2,100 perforations per square foot.
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