RULURH G RUE LUUE IR LU LS L LR IR R LR R R e
US003596912A

5,596,912

.United States Patent (11] Patent Number:
Laurence et al. 1451  Date of Patent: Jan. 28, 1997
[54] PRESS PLATE HAVING TEXTURED 2418084  9/1979 France .
SURFACE FORMED BY SIMULTANEOQOUS 122663 10/1976  Germany .
SHOT PEENING 207514 3/1984  Germany .
3184770 8/1991  Japan .
(75] Inveniors: Kenneth J. Laurence, West Chester, 2106430 4/1981  United Kingdom .
Ohio; Michel J. Broussard, Quillan, OTHER PUBLICATIONS
France
Abstract for Japanesc Patent Publication No. JP59037053,
[73] Assignee: Formica Technology, Inc., Wilmington, Feb. 29, 1984.
Del. Abstract for Japanese Patent Publication No. JP3184770,
Aug. 12, 1991.
[21] Appl. No.: 106,243 Abstract of Japanese Publication No. JP60184627, Sep. 2,
1985.
[22]" Filed: Aug. 12, 1993 Abstract for Japanese Patent Publication No. JP60044267,
s Mar. 9, 1985,
[gi] g‘ts Ccll """""""""""""""""""""""""" 76/1(1)372?(75%2 European Patent Office Search Report for App.No.
[52] TS, Cle o L 72 94112465.3, dated Dec. 12, 1994,
(58] Field of Search ..o 72/53:29/90.1: Apgiract for Japanese Patent Publication No. JP5016073,
TOM07.1 jan, 26, 1993.
- e Abstract for Japanese Patent Publication No. JP4159081,
[56] References Cited Jun, 2, 1992,
U.S. PATENT DOCUMENTS “Glass Bead Impact Blasting”, Michacl Woelfel and Robert
Mulhall, Sep. 1982, pp. 57/58.
937,180 10/1909 Ridd .
3,073,022 /1963 Bushetal. viecieicrennns 72/53 Primary Examiner—David Jones
3,382,159 5/1968 Reed e 72/53 Attorney, Agent, or Firm—Mayer, Brown & Platt
3,754,976 8/1973 Babecki et al. .
3,928,527 12/1975 Wohnhaas ct al. . [57) ABSTRACT
4,076,566  2/1978 Power . Sh o with 4 m fatle izes of shot ¢
4428213 171984 Neal et al. oo 72/53 ot peening with a mixture of at least two sizes of shot can
4454740  6/1984 Neal et al. . be used to obtain a textured finish press plate with desirable
4581,513  4/1986 Reed . gloss features. The press plate is impacted with a mixture of
4,714,622 12/1987 Omori et al. . shot having at least two different sizes to simultaneously
5,057,108 1071991 Shetty et &l coovvcveereererereererenn, 72/53 obtain a texture and gloss control. A separate overblasting
FOREIGN PATENT DOCUMENTS step to obtain a desired gloss uniformity is therchy avoided.
0202746 11/1986 European Pat. Off. . 15 Claims, 7 Drawing Sheets

/—18

62
/60
NN
o MNGINITY

Copy provided by PTCS from the PTO APS Image Data Base on  01/05/1998



5,596,912

Sheet 1 of 7

Jan. 28, 1997

U.S. Patent

FIG. 1

01/05/1998

Copy provided by PTCS from the PTO APS Image Data Base on



5,596,912

Sheet 2 of 7

Jan. 28, 1997

U.S. Patent

FIG. 2

01/05/1998

Copy provided by PTCS from the PTO APS Image Data Base on



U.S. Patent Jan. 28, 1997 Sheet 3 of 7 5,596,912
FIG. 3

Copy provided by PTCS from the PTO APS Image Data Base on 01/05/1998



5,596,912

Sheet 4 of 7

Jan. 28, 1997

U.S. Patent

FIG. &

» ¢
)

&
4

ovided by PTCS from the PTO APS Image Data Base on  01/05/1998

Copy pr



U.S. Patent Jan. 28, 1997 Sheet 5 of 7 5,596,912

FIG.5

Copy provided by PTCS from the PTO APS Image Data Base on  01/05/1998



U.S. Patent Jan. 28, 1997 Sheet 6 of 7 5,596,912
- FIG. 6

ccccc

100

Copy provided by PTCS from the PTO APS Image Data Base on  01/05/1998



U.S. Patent Jan. 28, 1997 Sheet 7 of 7 5,596,912

FIG. 8

206—" 25— O OO O OO O
+ =

T2 22 7T T 77T T2l
Ll 22T oIl
1 J

X 722 T 7 2 22 27 L2l

201

L )
| A A LA L AL I AL A S A A AR A

| Varay4 Ll L ke K okl ki KD

206 202/ r/€11171111172112]/200

(L .o VAR A AR LR A A AV

L _{
( VA AR AR AR A S AR A A L LD A A,
(Ll o 2 2 2 2 2 2 22 2 2 20

| S ot
| AR A AL L AN A A A A LA l$2
{

207 =
™ &

|
Sline

205— O O OO0 O OO

204

Copy provided by PTCS from the PTO APS Image Data Base on  01/05/1998



5,596,912

1

PRESS PLATE HAVING TEXTURED
SURFACE FORMED BY SIMULTANEOUS
SHOT PEENING

FIELD OF THE INVENTION

This invention relates fo a textured press plate for manu-
facturing decorative laminates and a method for producing
same. Spccifically, a press plate may be simultaneously
blasted by a mixture of at least two sizes of shot at high
velocity to produce a textured press plate with a desirable
combination of texture and gloss.

BACKGROUND OF INVENTION

Press plales arc used in a well known process to prepare
decorative laminates. These laminates are used for surfaces
such as walls, table tops, furniture, doors, kitchen cabinets,
counteriops, flooring tiles, and the like. The decorative
laminates are formed by compressing and bonding together
thermosetting resin impregnated pigmented or printed deco-
rative cellulosic surface papers to a variety of core materials,
such as particle board or phenolic resin impregnated kraft
paper filler sheets and the like between press plates, with the
press plate imparting a surface finish to at least one side of
the pressed laminate. The malerial layers are first placed
adjacent to a stainless steel press plate. The laminate com-
ponents and press plate asserably are then pressed at high
pressures and elevated temperaiures to fuse the laminate
materials together. After final cure, a consolidated laminate
sheet or board is formed. Once cooled, the laminates are
separated from the press plates, which are returned to the
press for use in the manufacture of subsequent laminates.

The resulting laminate surface finish is an exact mirror
image replication of the press plate surface finish against
Which it is pressed. Press plates are thus an important
feature in the production of consistently acceptable com-

mercial laminate surfaces, as the laminate surfaces faithfully
adopt the surface finish of the press plate.

There arc two general categories of press plates, polished
and textured. The scope of the present invention is directed
Lo texturced press plates used to manufacture matte or sucde
laminate finishes. A varicty of methods result in a desired
texturcd press plate finish. A common method is chemical
etching. While this is an effective method for producing the
desired textures and overall finish, it is both costly and
difficult to implement. Another method of texturizing
includes shot peening, such as that disclosed in U.S. Pat. No.
4,076,566.

Shot peening techniques are primarily used for their
mechanical benefits, as the cumulative effect of individual
particle impacts on the workpiece surface cold works the
article. As the shot particles are propelled or blasted at high
velocities onto the metal surface, the resulting plastic flow of
the metal somewhat relieves residual tensile stresses near the
surface of the article by inducing compressive stresses. The
mechanical benefits are improved fatigue strength and stress
corrosion resistance, or if desired, reshaping of f{lat pieces.
Two major parameters must be controlled to achicve the
desired results—surface coverage and peening intensity.

Surface coverage is a measurc of the percentage of the
article’s surface area impacted by the shot particles. The
cumulative impacts of the shot particles should nearly or
fully saturate the surface arca to obtain the mechanical
enhancements normally sought through pecning. Peening
intensity is a measure of thc amount of force of each
individual impact and the cumulative work done on the

15

20

25

30

35

40

45

50

55

60

65

2

surface of the article. Peening intensity is thus a function of
the impact velocity and particle size and density (i.e., mass).
The optimum peening intensity and resultant compressive
stress layer depth is also related to the metal atloy and
hardness ol the material being peened.

However, in contrast to the typical applications of shot
peening, the use of shot peening in the manufacture of
textured press plates does not primarily seek enhancement of
mechanical propertics nearly as much as providing the
desired press plate surface finish aesthetics, including its
texture, gloss, and overall appearance while retaining its
requisite flatness. Strict adhercnce to surface coverage and
peening intensity criteria, as in mechanical applications of
shot peening, are not critical except from the standpoint of
consistently obtaining the desired textured plate and result-
ant laminate appearance. Maintaining plate flatness during
peening and obtaining uniform gloss and roughness over the
surface of the plate are important considerations.

Peened textured press plates typically begin as highly
polished plates having a surface finish known in the press
plate and laminate industry as a #7 mirror finish. These
plates are predominantly fabricated from AISI 410 stainless
steel. This alloy offers relative hardness, damage resistance,
and corrosion resistance, as well as dimensional stability
after repeated thermal cycling. Shot peening an initial #7
mirror plate finish has been found to incvitably lower thic
gloss of the plate. This results in a duller surface finish duc
to the myrad indentations which causc increased light
scattering as perceived either visually or instrumentaily (i.c.,
through usc of an electronic gloss meter). In general, the
greater the shot coverage up to saturation, the lower the
resultant gloss, as the total area of shiny “islands” (nonim-
pacted areas) on the surface decreases. Importantly, satura-
tion of the surface can be achieved relatively casily when
smaller or finer shot grades are used, eliminating an overall
speckled appearance and obtaining a uniformly dull “matte”
(lightly textured) finish.

For aesthetic reasons, laminates with “rougher” textures
to simulate a “suede” finish are sometimes desired. “Suecde”
textures have been found attainable through the use of larger
shot grades and/or increased impact velocity, both of which
as discusscd above contribute to greater peening intensity.
However, problems occur when larger shot grades are uscd.

In “rougher” textures obtained through the use of larger
shot grades (creating greater impact crater depths through
greater impact forces), courser peak structures appear. Fur-
ther, since press plates are large, thin, and flat anticles, they
become more and more dimensionally unstable with greater
peening intensity. For example, peening one side of the plate
with a large shot grade at high velocities causcs plates 1o
warp with a convex curvature on the peened lace. Although
this can be somewhat solved by “balanced” shot peening
machines which equalize face to face induced compressive
stresses by simultaneously blasting both sides of the plate,
larger shot grades still tend to heighten dimensional insta-
bility.

Additionally, with larger shot grades, it has been found
progressively more difficult to achieve a saturated surface
free of what is often referred to as objectionable “sparkle.”
Peening machines cssentially process a given mass of shot
per unit time. Therefore, the number of pelicts striking a
plate surface per unit time (i.e., surface coverage)is an
inverse cubic function of increased shol diameters, ncces-
sitating cither significant slowing down of the peening
speed, mulliple passes, propelling a greater mass of beads
per unit time, or a combination of the above. The former two
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approaches have serious drawbacks [rom a practical com-
mercial viewpoint, and the latter alternative is governed by
machine design limitations. To achicve an acceptably uni-
form plate appearance approaching saturation with larger
shot grades, all three alternatives in effect result in a greater
pecning intensity and associated stress relief problems if not
perfectly balanced.

Moreover, producing fully saturated, roughly peened sur-
face textures is not usually difficult to achieve in a laboratory
or pilot plant environment. However, scrious surface cov-
erage and peening intensity restrictions contributing to over-
all roughness limitations are often encountered with large
production size plates. These press plates must remain
nearly perfectly flat after peening if they are to be used in a
conventional high pressure decorative laminate manufactur-
ing process, which use a plurality of plates during cach
pressing operation.

Thus, the process described above using a single size
range or grade steel shot to texture a plate has serious
limitations in its ability to achieve the higher roughnesses
desired, which requires the usc of larger shot grade, while
still achicving adequate coverage and a uniform finish
(without excessive sparkle) within reasonable processing
times.

U.S. Pat. No. 4,076,566 largely resolved the above dia-
metrically opposed roughness and coverage constraints
imposed when processing full size production plates. [t
disclosed first using a relatively large shot grade to obtain
the desired roughness and texture structure, followed by a
sccond smaller grit or shot gradc to achieve a fully saturated
sparkle-free surface appearance. Although the desired
macro-lexture or roughness is first developed using large
shot grade peening, [ull coverage does not result. The plate
is then blasted with smaller shot grade (with much more
efficient covering abilily) to obtain saturation and climina-
tion of residual high gloss islands without altering the
mitially formed macro-texture of the plate. Importantly, the
need for subsequent electropolishing and preferred
chroming is climinated with this process.

Moreover, the use of steel shot in the peening process of
the prior art causes several problems. Steel shot with the
preferred hardness is brittle and prone to shatter. Sofler steel
alloys tend lo flatten and cannot be readily separated from
the shot peening machines. Morcover, each hardness of steel
shot has a different effect on the roughness of the finished
press plate. Steel is also quite dense, requiring powerful
blasling machines which result in greater cost and machine
wear.

Additionally, steel shot leaves an iron/iron oxide residue
within the impact craters generated on the surface of the
press plates. These deposits, particularly when exposed to
moisture, quickly oxidize and result in an objectionable
overall rusty or “blackened” appearance to the plate surface.
The oxide residue is difficult to remove by normal washing
technigues and often requires special trealment prior to any
final processing (e.g., chrome plating) or laminate pressing.

Another conventional shol peening material is glass
beads, particularly used to avoid the contamination associ-
ated with steel shot when processing stainless steel and
non-ferrous metals. However, glass beads have three distinct
disadvantages compared to other shot materials, particularly
as applied to texturing or overblasting stainless steel press
plales. First, being less dense than cither steel or ceramic
shot, it is difficult with glass shot Lo obtain blasting inten-
silies required to achieve relatively deep lexturing, even at
high impact velocities. Sccond, glags beads arc very brittle
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and are prone to breakage and shaticring into a fine glass
“dust”, particularly at high impact velocities. This dust is
very aggressive towards the plate surface, bchaving in a
manner similar to sharp angled “grit” rather than the pre-
ferred spherical shot. resulting in micro-scarring of the plate
surface and undesirable light scattering and “‘grayness” of
the surface of laminate pressed from it. In fact, glass beads
shatter so quickly that during the processing of a single
plate, a severe gloss gradient can develop along its length
due to the progressive risc in abrasive blasting with an
accompanying decrcasc in the preferred shot peening.

A final problem is the extreme hygroscopicity of glass
beads, causing cohesion belween the beads and sporadic or
total interruption of the bead flow to the blast guns. This
further promotes an unacceptably non-uniform blast pattern
and gloss differential over the surface of a plate. Conversely,
the Jow fluidity of other shot materials, especially ceramic
shol, are unaffected by ambicnt moisturc conditions.

Even after the finished textured press plates are obtained
in any of the methods discussed above, refinishing remains
a large concern, Aftler a number of pressings, the plate often
develops microscratches induced by laminate surface mate-
rials, especially by the presence of hard grit particles which
arc now more frequently being added to the laminate surface
to improve wear and mar-resistance, Also, macroscopic
imperfections may occur during routine handling in the form
of burnishing, rub marks and small scratches. These defects
on the plate surface in turn tend to degrade the surface finish
of the laminates, which faithfully reproduce the press plate
surface finish. When the microscratches and visible defects
become too pronounced, the plates must be replaced or
refinished. Thus, the texturing process must also be capabl
of consistently providing a method to refinish the press
plates.

As an aspect of the present invention, it has been recog-
nized that the combined texture and gloss achicved by
mixing different grades of shot provides equivalent or
improved results compared to using a discrete shot grade
and peening a plate several times, cach peening operation
using a different sized shot grade. Thus, mixing different
sized shot grades is a superior method than shot peening a
plate multiple times with different sized shot grades each
time. The former method avoids the need for scparate
overblast steps. Furthermore, mixing various shot grades
avoids having to empty the blasting machine of large shot
grades and refilling the machine with small shot grades or
the converse. This conversion process is time consuming.
particularly if a large quantity of plates are to be processed.
Mixing shot grades also avoids the alternative of dedicating
equipment to each grade of shot used in the process to
maintain productivity.

It has thus been discovered that the two-step process of
large shot grade peening followed by small shot grade
overblasting as disclosed in U.S. Pat. No. 4,076,566 can be
simplified to a process having significanty fewer blasting
operations while achicving essentially the same results,
wherein a mixture of a predominantly large shot grade
(preferably 75-90%) and a small shot grade (preferably
10-25%) can be used simultaneously to effectively texture
the press plate and provide the full coverage and sparkle-free
surface desired. In combination with the improvements
sought, the further use of ccramic shot rather than conven-
tionai steel shot further avoids the need for chemical decon-
tamination alter pecning and the disadvantages of glass shot.

Thus, the present invention contemplates using a mixture
of at least a first shot grade and a second shot gradc in the
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plate finishing process. Large shot grade peening and small
shot grade overblasting are simplified to a one step process
while achieving the same results as multiple passes with
different shot grades. Furthermore, mixtures of various
grades of “larger” shot may bec used in that portion of the
total mix to form a more visually complex and pleasing
textured structure and pattern, wherein a wider variety of
intermixed large shot grade impact crater diameters form a
continuous three dimensional roughness matrix.

The further advantages of the use of mixed shot grade
peening and ceramic shot will become apparent to those
versed in the art, such that the above disclosures set forth
should not be construed as limiting to the scope of the instant
invention as claimed.

SUMMARY OF INVENTION

This invention involves a method for obtaining a peened
textured finish for a press plate with desirable gloss features
and overall appearance and with at least 95% coverage. The
present invention contemplates shot peening with a mixture
of at least two size ranges or grades of shot to obtain this
surface finish, including particularly ceramic shot. The
untreated press plate is impacted with a mixture of shot
grades, wherein the mixture with at least the two differcnt
grades of shot arc fed into a propelling device such as a blast
gun or wheel located a fixed distance {rom the plate surface.
The gun or wheel thus projects the shot grade mixture
against the surface of the press plate. After the desired
texture and gloss is achieved, the finished press plate is
removed from the blasting or shot peening equipment.
Moreover, the present invention contemplates and discloses
a method for improving the gloss and general appearance of
worn used plates.

Ceramic shot has only recently became commercially
availablc. As late as 1982, no reference was made of the use
of ceramic shot in that year’s ASI Metals Handbook (Vol-
ume 5, Ninth Edition) section on Shot Peening. It was been
found that ceramic shot offers significant advantages over
conventional shot media for peening and press plate textur-
ing. Smaller ceramic shot grades also offer advantages over
small steel shot or glass bead sizes for “non-texturing” repair
of grit induced micro-scratches or other superficial damage
(i.e. refinishing) incurred by textured plate surfaces during
use, where the macro-texture is not appreciably altered
during the overblasting.

Ceramic shot is about twice as hard as standard cast steel
shots, the latter with typical hardnesscs between Rockwell C
40-50, which in turn are only siightly harder than typical
410 stainless steel press plates (38-45 HRC). Special hard
stecl or iron shots are available (57-65 HRC), but these
shots are quite brittle and are casily broken upon impact.
However, even though extremely hard, ceramic shot is not
prone to breakage as is hard steel shot, nor does it deform
upon impact as does softer, morc durable steel shot. Defor-
mation, such as slight flattening into a non-spherical condi-
tion, is undesirable, yet shot so effected is not easily sepa-
rated from the system. Further, ceramic shot offers a
smoother initial surface finish than steel shot.

As such, ceramic shot provides hardness and lack of
deformation upon impact, little breakage with case of sepa-
ration if breakage does occur, and an inherently very smooth
surface, which all contribute to consistently well formed
hemispherical impact craters, which in turn minimize light
scattering and resultant haziness or grayness (loss of color
fidelity) of laminates pressed from ceramic shot blasted
press plates.
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Further, in contrast to steel shot, ceramic shot is chemi-
cally inert and does not leave any embedded residue on the
plate surface, obvialing the need for any chemical “decon-
tamination” process for the removal of residual oxide mate-
rials after blasting.

Also, while ceramic shot has about twice the hardness as
steel shot, it is only half as dense. Thus, for equivalent shot
size ranges or grades, ceramic shot requires less shot “ton-
nage” and transport capacity and allows for the use of
smaller, simpler and less costly (and more easily main-
tained) blasting equipment to achieve about the same degree
of coverage (or saturation) and peening intensity (impact
force), since the lighter ceramic shot can be propelled to
higher impingement velocities. Particularly in the case of
large steel shot grades, very powerful, motor driven, high
speed centrifugal wheel “stinger” machines are required to
obtain the desired impact velocity for the shot. Similar or
greater velocities can be achieved with ceramic shot using
simpler and more versatile compressed air blast guns in
which the shot is injected into a high velocity air stream. Due
to ceramic shot’s lower density (and greater hardness)
compared to steel, it was found to be more cffectively
transported and projected by simpler, less expensive air-
blast type peening machines (rather than centrifugal wheel
type equipment), resulting in faster coverage rates and
comparable finish textures. The ceramic shot can be fed to
the blast guns either by a vacuum suction venturi effect, or
injected dircctly under pressure into the compressed air
stream, which then propels the shot towards the target with
very high impact velocities, especially with smaller shot
sizes.

The higher striking velocity and lower density of ccramic
shot compared to steel shot thus tend to off-set each other
and, for equivalent shot size ranges, result in about the same
amount of work applied to the plate surface. However, with
press plates, enhancement of mechanical properties is not an
important consideration compared to the aesthetics (i.e., the
texture, gloss, “structure,” and overall appearance of the
surface). Strict adherence to surface coverage and pecning
intensity criteria are not critical except for consistency in
obtaining the desired textured plate and resultant laminate
“look”. Maintaining plate flatness during peening, and
oblaining uniform gloss and roughness, however, remain
important considerations.

Moreover, it has also been discovered that, unlike peening
with other media such as steel shot or glass beads, gentle
overblasting with small ceramic shot grades at low velocities
can actually adjust Upwards the gloss of a peened plate (the
degree of gloss risc being highly dependent on the intrinsic
texturc geometry, roughness and initial gloss of the plate).
Heretofore, peening has been solely a dulling or matting
process, with the magnitude of the cffect dependent on the
severity of the processing conditions employed. However, it
was found that when small ceramic spheres strike the plate
surface with just enough force to cause plastic flow of the
metal, minute microscraich fissures arc “sealed” and the
microfinish imperfections are obliterated, cffectively reduc-
ing light scattering and increasing the perceived gloss level.
This ability to upwardly adjust the plate gloss using mild
impact velocity (low propellent air pressure) with small
ceramic shot grades, and preferably B6O shot, was wholly
unexpected and has the distinct advantage of allowing gloss
recovery of used press plates that have become micros-
cratched by inclusion of hard grit materials in the laminate
surface to enhance their physical surface properties, and in
particular, wear properties related to abrasion, mar, scraich,
scrape and scuff resistance during exposure to fabrication
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and end-use installation conditions. This process reforms the
microlexture and restores the plate finish to its original
quality.

Ceramic shol gloss adjustment also provides a method,
within limits, lo readjust plate gloss to the desired level
(cither downwards or upwards) after additional surface
treatment (c.g., chrome plating), where gloss shifts away
from the prescribed level are often encountered.

Likewise, ccramic shot is a superior altcrnative 1o glass
beads. It is denser than glass and thus may be used to achiceve
higher blasting intensity for deeper texturing. Also, ceramic
shot does not shatter and as such does not produce the fine
dust produced by glass beads. Finally, ceramic shot does not
absorb moisture and thus does not clump and interrupt shot
flow.

A further benefit is that since ceramic shot minimizes
microscopic plate surface disruptions (and resultant lami-
nate haziness), the peened press plates produced with
ceramic shot do not need to be additionally chrome plated to
ensure releasability of the finished laminate after pressing.

Accordingly an object of the present invention is to obtain
the desired uniform texture and gloss finish on a press plate,

Another object of the present invention is to minimize the
number of passes needed (o texture the press plate, using a
mixture of shot grades simultaneously.

It is another object of the invention to use a shot material
o avoid the problem of impact shattering and resulting
micro-scarring of the press plate surface.

It is also an object of the invention to use a shot media
capable of increasing the gloss of a press plate after blasting,

It is a further object of the invention to obtain a shot
material particularly suited for refinishing textured press
plates.

the invention to use a shot

It is still another object o
A ey mamuen 43 ey
8

material that is casily hand
machinery.

It is yet another object of the invention to use a shot
material to avoid the problem of iron residue contamination.

f
1nd
16U

Still another object of the present invention is to use a shot
material which is at least as hard as steel shot but less dense.

The above and other related objects and features of the
present invention will be apparent {rom a rcading of the
following detailed description of the preferred embodiment
and the appended claims.

DESCRIPTION OF THE DRAWINGS

The present invention may be better understood with s

reference to the drawings in which:

FIG. 1 is a vacuum-type air-blast shot peening machine
for processing press plates utilizing the method of the
present invention;

FIG. 2 is the plate infeed 1ift table, vertical support, and
trolley mechanism for holding and transporting the press
plate for the machine in FIG. 1;

FIG. 3 is the blast cabinet of the shot peening machine of
FIG. 1,

FIG. 4 is an overhead view of the configuration of the
blast guns in the blast cabinct of FIG. 3;

FIG. § is the reclaimer, shot feed supply, classifier and
dust collector components of the shot handling system for
the machine in FIG. 1;

FIG. 6 is a cross sectional view of the shot feed hopper of
the shot handling system of FIG. 5;
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FIG. 7 is a cross scctional view of one of the vacuum-type
compressed air blast guns shown mounted in FIG. 4; and

FIG. 8 is a side view of a daylight opening of a hydraulic
laminating press containing a pack ol laminates interleaved
with press plates obtained in accordance wilh the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to the drawings, wherein reference characters
designate like or corresponding parts throughout the views,
FIG. 1 illustrates a shot peening machine 2 suitable for
utilizing the method of the present invention and for pro-
ducing a press platc according to the present invention, The
shot peening machine 2 has a blast cabinet 4. which is
provided with a pair of access doors 6, 8 each having an
observation window 10, 12. Mounted above and around the
blast cabinet 4 is a gun tower 14 comprised of a metal {rame
structure. The gun tower 14 has a central column 16 as a
mount and guide for a gun carriage 18. The gun carriage 18
extends into the blast cabinet 4 and reciprocates up and
down the central column 16 as will be explained below. The
blast cabinet 4 is used for the actual shot peening opcration
to contain and collect the expended shot.

As can be further seen in FIG. 2, the blast cabincet 4 is
attached on cither side to a support frame 20 which facili-
tatcs movement of the press plate 42 through the blast
cabinet 4. A plate rail 22 supports a plate trolley 48 which
transports the press plate 42 through the blast cabinet 4.
Multiple slotted rollers 24 arc interspaced along the plate rail
22 to guide the cross-scctional T-shaped plate trolley 48 and
vertically held press platc 42 through the blast cabinet 4.
Further, plate guide 26 is lowered over the top edge of the
plate 42 to maintain the plate in a vertical position through
the blast cabinet 4.

As the press plate 42 is transported through the blast
cabinet 4. it is blasted by shot from guns mounted on the
lower end of the gun carriage 18. This opcration will be
described in detail below. The shot is supplied to the guns
via fced hoses 28, as shown in FIG. 1. In the preferred
machine shown, six separatc guns each require a separate
feed hose 28. The feed hoses 28 are preferably made {rom
natural gum rubber to minimize wear. The spent shot is
removed from the blast cabinet 4 by an air and shot
collection outlet pipc manifold 38 located in the bottom of
the blast cabinet 4. The collection outlet pipe manifold 30 is
attached to an air and shot collection hose 32 through
automatic shot refill hopper 80.

Spent shot is continuously recycled by the shot peening
machine for reuse by the guns. The spent shot in the air
collection hose 32 is fed into a cyclone reclaimer 34 for
separation of dust and fine shot fragments. The dust and fine
shot fragments arc then sent to a dust collector 36 for
removal from the system. The remaining shot is then sent
through a classifier 86 as will be described in morc detail
below, with the good shot separated and returned to a feed
hopper 38, to which the feed hoses 28 are attached and
which re-supplies the guns with a continuous flow of shot.

FIG. 2 shows the support frame 20, plate rail 22, plate
guide rollers 24, and top plate guide 26 of the plate handling
system. The support frame 20 has an infeed table 40 which
is a fabricated steel frame attached through hinges 41 to
rotate from a horizontal to a vertical position. An unfinished
press plate 42 is loaded onto the infeed table 40 with the
infeed table 40 in a horizontal position resting on table
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support frame 45. The infeed table 40 is fitted with bristled
pads 44 on which the unfinished plate 42 lies to avoid
scratches. The frame of the infeed table 40 may be provided
with position markers to aid in properly locating various
sizes of unfinished plates.

Once the plate 42 is positioned on the infeed table 40, the
infeed table 40 and platc 42 are rotated into the vertical
position by an air cylinder (not shown). The lower edge of
the plate 42 is inserted in a narrow lengthwise groove (not
shown) in the plate trolley 48 mounted on the plate rail 22
when the infeed table 40 rotates to a vertical position. The
plate 42 is then locked into the vertical position by means of
lowering the plate guide 26 onto the top edge of the plate 42.
The plate guide 26 is a V-shaped top edge guide extending
the entire length of the shot peening machine on both sides
of the blast cabinet 4. The plate guide 26 is moved into
position by two sets of motorized screw drives (not shown).

A variable speed drive motor (not shown) located under
the plate rail 22 and mounted to the support frame 20 slowly
drives the plate trolley 48 with the plate 42 through the blast
cabinet 4. A second fixed speed fast forward and reverse
drive motor (not shown) is used only to quickly position the
press plate 42 prior to blasting and retracting it after pro-
cessing, while the variable speed slow drive system is used
during the actual blasting operation. Of course, other meth-
ods and devices may be utilized to position and hold the
plate 42, and drive it through the blast cabinct 4.

FIG. 3 is a detailed view of blast cabinet 4 with the plate
42 partially inside for the blasting operation. FIG. 4 is an
overhead view of the plate 42 in the blast cabinet 4, The
plate 42 has a first surface 56 and a second surface 58 which
are blasied and textured according to the present invention.
The lower end of the gun carriage 18 cxtends into the
interior. of the blast cabinet 4 from the gun tower 14. The
lower end of the gun carriage has a first gun battery 60
having-a gun mount 62 and three compressed air blast guns
64, 66, 68. Located on the other side of the plate 42 is a
second gun battery 70 having a gun mount 72 and three
compressed air blast guns 74, 76, 78. The gun batteries 60,
70 are attached to the gun carriage 18 so that they are
diametrically opposed to each other, with the guns 64, 66, 68
located at a fixed distance from the first surface 56 and the
guns 74, 76, 78 located opposite guns 64, 66, 68 at the same
fixed distance from the second surface 58. The plate trolley

48 and the plate 42 are driven through the blast cabinet 4 at

a slow and continuous rate of speed (i.c., 3 to 4 in/min),
Once the plate 42 enters the blast cabinet 4, the gun carriage
18 and blast guns 64, 66, 68, 74, 76, 78 are activated, rapidly
(i.e., 90 to 110 ft/min) reciprocating up and down and evenly
blasting the plate surfaces 56 and 58 with shot.

The gun carriage 18 reciprocates up and down along the
central column 16 by means of a dual chain and sprocket
drive system, with a gun carriage 18 counter weight attached
to both chains. The two chains are independently driven by
separatc motor and air clutch assemblies (not shown). The
gun carriage 18 is guided by a series of scaled bearing rollers
spaced around the central column 16. The sealed rollers
prevent bearing contamination from the shot. Two air
clutches move the gun carriage 18 in opposite directions.
When a first air clutch is engaged, the gun carriage 18 moves
upward until it reaches the top of the central column 16 and
the gun batteries 60, 70 rcach the top of the blast cabinet 4,
triggering a first proximity switch (not shown). The first
proximity switch disengages the first air cluich and engages
a sccond air clutch which moves the gun carriage 18
downward until it reaches the bottom of the central column
16 and the gun batteries 60, 70 reach the bottom of the blast
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cabinet 4 and (riggers a second proximity switch. The
second proximily switch disengages the second air clutch
and re-engages the first air clutch which moves the gun
carriage 18 upward again. The rapid reciprocation cycle is
repeated continuously as the plate 42 slowly traverses
through the blast cabinet 4. In this manner, all areas of the
surfaces of the plate 42 are equally blasted, as even coverage
is necessary for a uniform finish of the platc 42 and to
maintain its flatness. Of course, other means and methods
may be utilized by those skilled in the art to position and
move the guns in relation to the plate 42.

After the surfaces 56, 58 of the plate 42 are blasted, the
spent shot falls and is collected at the bottom of the blast
cabinet 4. The spent shot is removed through the outlet pipe
manifold 30 and drawn through the air and shot collection
hose 32 by suction created by a blower 37 in the dust
collector 36. The recycling and shot feed system may be
secn better in FIG. 5. The air and shot collection manifold
outlet 30 from the blast cabinet base is connected Lo an
automatic shot refill hopper 80, which is in turn connected
to the air and shot collection hose 32 return line, which
transports new shot as required from the automatic refill
hopper 80, along with the spent shot, to the cyclone
reclaimer 34. The cyclone reclaimer 34 scparates out dust
and fine shot fragments produced by shot breakage. This
waste is removed and sent to the dust collector 36 via a dust
exhaust hose 84.

The remaining shot is preferably filtered by a classifier 86
which uses a series of vibrating screens to separatc out
oversized shot and broken shot pieces into waste bins. The
remaining good shot is then sent by a pipe 88 to the shot feed
hopper 38. Various numbers of screens and sieve size
combinations can be utilized depending on the shot grade
mix used. Alternately, the classifier 86 section of the shot
recirculation system may be bypassed if so desired, and the
spent shot in the system periodically disposed of or screenced
and good shot recovered external to the system by other

means. The above devices for recycling and sorting shot

may be replaced by other methods and devices which
perform the same function of ensuring continued use of
good quality shot.

The shot feed hopper 38 has a level probe 90 which senses
the level of shot in the system. II the shot level falls below
a preset point, a control signal is sent to the automatic refill
hopper 80, actuating a valve to add more shot o the
collection hose 32. At the bottom of the shot leed hopper 38
directly below three isolation cylinders 92 are three pairs
(six total) of shot feed orifice tees 94. Each onfice tee 94
feeds shot to a separate blast gun, with each of the three
cylinders 92 mounted on the shot hopper 38 capable of
isolating a pair of two blast guns. The six shot feed hoses 28
are attached to the six feed tees 94, and shot 1s transmiued
to the guns 64, 66, 68, 74, 76, 78 as described above. The
blast gun shot flow rates and feed hopper shot leve! may be
monitored by lowering the isolation cylinders 92

FIG. 6 is a cross sectional view of the shot fecd hopper 38
and one of the isolation cylinders 92 and orifice tees 94 used
to feed shot to the guns. The shot 100 [alls {rom the
reclaimer 34, through the classificr 86 to the base of the shot
hopper 38. The shot then is drawn into one of the six feed
tees 94 through an orifice 102 by suction gencerated at the
guns 64, 66, 68, 74, 76, 78. An orificc plate 104, which has
a hole drilled in it, is installed on the opposite cnd of the feed
tce 94 from the outlet 105 to which the feed hose 28 is
attached.

The orifice plate 104 is used to restrict and control the
amount of air wash and optimize the rate of shot feed flow
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to the guns. For example, for optimal balance of the gun
types described below. a 342 inch diameter orifice 104 on
cach tee 94 results in a shot flow rate of about 3 kg/min per
gun. Alternately, a common air wash manifold (not shown)
can be conncected to all of the feed tee 94 air inlets instead
of individual orifice plates 104 to insure identical air wash
and shot flow to each gun. With such a manifold, air wash
and shot flow rates can be adjusted, e.g. by a needle valve,
to compensate for various gun compressed air operating
pressures.

The shot flow to cach pair of opposed blast guns may be
isolated while the shot peening operation is ongoing by
means of lowering the cylinder 92. A removable cap 108
allows an operator to observe the shot flow to the particular
feed tee 94. If a blockage occurs, the operator may clear it
through the cylinder 92. A removable plate 110 is also
provided on the side of the feed hopper 38 for access to the
chamber for maintenance or other adjustments.

Each feed tee 94 outlet 105 is attached to a feed hose 28,
which is in turn attached to one of the compressed air guns.
A cross scction of the preferred compressed air gun 64 is
shown in FIG. 7. The compressed air gun 64 has a gun body
112 and a nozzle 114 for emitting shot. The shot is sucked
from the feed hose 28 through a hose adapter 118 inio a
chamber 116. Compressed air from a compressed air regu-
lator is fed through an air hose fitting 120 into the gun 64 and
through the air injector 124 port. The flow of compressed air
through the injector 124 creates a vacuum in the chamber
116 by a venturi effect. This vacuum sucks and meters shot
from the shot hopper 38 through the feed hose 28 into the
chamber 116. The compressed air from the injector 124 then
propels the shot in the chamber 116 out the nozzle 114 at
high velocity to impinge upon and blast the plate surface 56.

The above described shot circulation system invelves two
opposed vacuum systems. The primary vacuum is generated
by the venturi effect from the high volumec of compresscd air
which supplies the guns 64, 66, 68, 74, 76. 78. For example,
the guns in the preferred embodiment each have a rated air
flow of 36 c.f.m. A common air pressure regulator and
manifold supplies all of the guns. The velocity of the shot
can thus be controlled by the regulator, where lowering the
air pressure reduces the suction and shot fed to the guns, and
also results in a lower propulsion of the shot and impact
velocity on the plate.

To adjust lor small air supply pressure fluctuations from
the air compressor and downstream accumulator, a pilot
feedback regulator is fitted to the main compressed air
regulator. The feedback regulator senscs fluctuations in
pressure on the downstream side of the system and adjusts
the main regulator accordingly. In this manner, a constant
dampened air pressure supply to the guns is achieved.

Of course, other types of blasting equipment for shot
peening may be used for the method of the present inven-
tion. The vacuum-type compressed air blast gun sysiem as
described above may be replaced if the use of denser or
larger shot grades or higher velocities are desired. For
cxample, a “pressurc pot” type air blast system, where the
compressed air is directly connected to the shot feed hopper,
which then feeds the shot via hoses to unconstricted blast
guns may be used for greater force. Blasting may also be
accomplished by a centrifugal wheel or slinger machine
having a vancd or bladed wheel attached to a motor to propel
the shot. Also, different numbers of blast guns in different
arrangements may be utilized.

Importantly, it has been found that circulating ceramic
shiot generates several hundred thousand volts of stalic
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electricity which must be dissipated or the shot will tend to
agglomerate and behave like wel sand, blocking the shot
recirculation system and flow Lo the guns. An extensive
grounding system is therefore required for all isolated com-
ponents of the above machine. For example, even the plate
rail 22 is grounded using a spring loaded carbon motor brush
for positive contact while it is moving, since 4 static charge
may accumulate on the rail and lower portion of the plate o
which excessive shot will then adhere.

In most high pressure decorative laminate commercial
applications, the press plates 42 are interleaved between
successive layers of thermosetting resin treated Jaminate
malerials 200, scparator sheets 201, and press plates 42 in
separate back to back laminate assemblics or doublets, as
shown in FIG. 8, permitting the production of a plurality of
laminate shects in one pressing operation. As noted above,
the textured press plates are used in direct contact with
composites of resin treated paper sheets placed therebe-
tween, with the decorative surface sheets facing the plates
and backed by filler sheets facing each other. Multiple layers
of laminate materials 200 and press plates 42 form “packs”
202, supported and transported on carrier trays 207, which
are then loaded into a press 204 with multiple openings 206
for curing and pressure trealment between heating/cooling
platens 205. Note that as the clearance for material move-
ment into the press 204 is limited by the press opening 206,
it is apparent from FIG. 8 that warpage or curvaturc ol press
plates 42 can interfere with the ability to move the pack 202
into the press 204.

Another form of decorative laminate is low pressure faced
board, in which thermoseclling resin treated decorative
papers are fused and bonded directly onto one or both sides
of substrates such as particlcboard or medium density fiber-
board. Most commonly, a single board is laminated between
two press plates 42. The pressing operation occurs within a
press 204 with a single opening 206 and two isothermal
heating platens 205 using relatively low pressure and a very
short press cycle time compared (o the high pressure deco-
rative laminate process. The details of the composition,
construction and processing methods for cach type of prod-
uct, i.c. high pressure decorative laminate and low pressure
faced board, will be well known to those skilled in the art,

GENERAL EXAMPLES

As a baseline example, using a vacuum-type compressed
air shot peening machine of the same design us deseribed in
detail above, a large, 4x10 foot production size press plate

42, polished to a #7 finish, was shot peencd with & 5030
mixture of “large” diameter Grade B20 (essenuiatly 6060-830
um (0.024-0.033 inch)) and “medium” diameter Grade B30

(essentially 425-600 pm (0.017-0.024 inchyi SEPR Zir-
blast® ceramic shot. (It should be apparent to those killed
in the art that specifying a range of diameters for any
particular grade of shot will. of course, possibly include a
very small number of individual shot particles having diam-
eters outside of the recited range of diamcters. where the
recited range is typically of a normal diameter distrihution.
The recitation of diameter sizes as used herein and for
establishing a particular shot grade, however. has been found
by the industry to represent a meaningful method of catego-
rizing ranges of shot sizes for a number of purposes,

After several passes at maximum blast gun pressure and
a relatively slow 3~4 inch/min plate traversing speed. about
only 75% of the surface arca of the press plate had been
covered by peening, with little evidence of further measur-
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able improvement possible. As such, the surface finish was
considered unacceptable because of the distinet sparkle
appearance,

The plate was subsequently overblasted with “small”
diameter Grade B60 (essentially 125-250 pum (0.005-0.010
inch)) ceramic shot, which climinated the shiny islands and
resulted in a desirable uniform gloss and visual surface
aspect.

In contrast, using the same equipment, an identical press
plate 42 prepared in accordance with the present invention
was simultaneously peened with a tertiary mixture of shot in
the ratio 37.5 percent B20, 37.5 percent B30, and 25 percent
B60 S.E.PR. Zirblast® ceramic shot (i.c., 75% medium to
large size shot and 25% small shot). As noted above, the
large to medium shot grades provide a textured finish while
a small shot grade is utilized to achieve essentially complete
overall coverage (saturation) and the desired plate gloss
level. After only a few passes, the plate was satisfactorily
textured by the larger shot grade mix and at the same time
exhibited a desirable uniform gloss appearance.

In fact, while both plates looked quite similar in structure
and overall appearance and exhibited no objectionable resi-
due from the peening operation, the plate using the present
invention was obtained with fewer passes. Both plates were
subsequently used (without any post-treatment such as elec-
tropolishing or chrome plating) to press full size sheets of
solid color laminates. Both plates exhibited excellent release
from the laminates upon separation with no evidence of
picking (traces of laminate surface resin and paper fibers
remaining adhered to the plate) or physical sticking of the
plate and laminate together. The laminate finish was inde-
pendently judged to be surprisingly similar in appearance to
the conventional suede finish produced with LC-55 release/
texturing paper supplied by Ivex Inc. (formerly L&CP Inc.),
which is widely used in the U.S. laminating industry.

Simultaneous mixed texturing and overblasting offers
advantages over the separate discrete processes of texturing
and overblasting by reducing the number of passes required
to satisfactorily process a plate (here, by at lcast one pass).
Further, it eliminates the need for time consuming change-
overs of the peening machine from one grade of shot to
another and back again, or the expensive option of dedicat-
ing equipment to cach shot grade used in the process.

Specific Examples

A series of plate texturing shot peening trials werc con-
ducted to demonstrate the utility and versatility of simulta-

neous mixed shot grade texturing and overblasting, rather .

than the use of discrete texturing and overblasting steps as
taught in the prior art. The various shot grade mixtures tested
arc shown in Table [. All of the trials used a binary mixture
of rclatively large and medium size shot grades, to which
was added a proportion of a small shot grade when simul-
tancous overblasting was practiced.

Examples #1 and #7 used ceramic shot and a sccond,
discreel overblast step to achicve acceptable peening cov-
erage in a manner similar to that taught in the prior art and
the first general example noted above.

Examples #11 and #13 are similar, except cast steel shot
was used to simulate the lexturing process taught by the
prior art. Again, however, a mixture of large and medium
shot grades rather than a single large shot grade was used.
These examples illustrate the limited coverage obtained
when attempting to generate a relatively rough texture
without employing some form of overblasting (whether
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simultaneous or separate) to achieve adequate coverage and
obliterate the residual myriad unpeened shiny “islands”
which result in a generally commercially unacceptable
sparkle or mottled appearance. The use of binary mixtures of
relatively large and medium shot grades werc chosen for the
plate texturing trials described herein, rather than individual
shot grades as practiced by the prior art, to obtain a more
diverse or “blended” peened appearance considered more
aesthetically attractive,

The cceramic shot used in these examples were various
grades of Zirblast® fused ceramic beads, produced by
Societe Europeenne des Produits Refractaires in France and
sold by their subsidiary S.E.P.R. Ceramic Beads and Pow-
ders in the United States. The shot is cssentially spherical,
has high impact resistance and a low breakage rate, and is
almost entirely free of metallic or iron oxide contamination.
S.E.PR.’s Zirshot®, a still more highly refined (and cxpen-
sive) range of ccramic beads, is also useful in the practice of
this invention. Both types of shot have a typical composition
of about 67% Zirconia (ZrO,) and a 33% glassy phase
(comprised of 30% SiO, and 3% impurities). It should be
understood that other ceramic shot compositions and grades
from other suppliers might be available and are considered
within the scope of the present invention. The cast steel shot
used in thesc examples, with a typical hardness of Rockwell
C 40-50, is a widely used peening medium and is readily
available from many suppliers.

The blasting or peening machine used for these trials was
a Matrasur Model PHF03-60 pressure-pot type compressed
air blasting machine, more powerful than disclosed above,
but on a much smaller scale suitable only for laboratory
testing (i.e., 10x10 cm. samples were used in the uials). All
operating conditions were held constant during this trial,
with the exception of air pressure as noted in Table . The
combination of conditions set, including a gun air pressure
of 1.5 kg/em?, simulates reasonably well the peening inten-
sity and coverage rate obtained with the full-scale, vacuum-
type air-blast peening equipment disclosed above and used
to process full size press plates according to the preferred
practice of this invention. )

Since the trial apparatus is not suited to dual side blasting,
being equipped with only a single blast gun, asymmetric
blasting of one side of each platc sample occurred. As
expected, unbalanced comprossive stresses resulied in the
plates having a curvature which otherwise would be a major.
problem with large, thin production size press plates. How-
ever, for small plate samples, the equipment is convenient o
use while obtaining generally reproducible resulis. The plate
samples in the examples shown in Table [ all exhibited
convex warpage of the peened face with about a 1.0-2.5
mm. corner deflection.

The press plate samples peened and textured as recited in
the Table series were all A.LS.L. 410 alloy suinless steel,
with a hardness of 38-45 on the Rockwell C scale. To
preparc the samples, a full-size production platc was first
ground (commeonly referred to as abrasive belt polishing) on
a flexible flat-bed grinding machine using a scrics of belts of
decreasing grit size (from course 180 grit down o fine 320
grit), with cutting oil as lubrication, to remove deep
scratches and other imperfections. The plate was then pro-
cessed on a flat-bed cutting bufl, using a hard buffing mop
with a relatively aggressive cutling rouge (i.e., a bufling
compound consisting primarily of alumina abrasive grit
blended with animal based greases and fats) to remove
residual grinding marks. Finally, the plate was color buffed
with a soft “floppy” mop and fine rouge to a lustrous,
scratch-free condition referred to in the art as a #8 mirror
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finish. The 10x10 cm. samples used for the trials were each
cut from this plate. Thus, cach sample was essentially
identical to the others, the only variable being the shot grade
mixtures used in the trials, and in a few special cases, the gun
pressure selected.

It should be apparent to those versed in the art that less
exacting finishes than the “commercial” quality #8 mirror
finish described herein are also suitable for shot peen
texturing by the method of this invention, since the peening
process itsell obliterates and masks certain minor delects
(which would otherwise be objectionable in a polished plate
were il used as such to produce glossy finish product), and
uniformly dulls the plate surface anyway. Thus, plates with
lesser quality finishes requiring less stringent color buffing,
and resultant gloss and reflectivity standards (e.g., finishes
commonly designated #6 and #7 in the art), and therefore
less preparation effort, can also be used with the method of
this invention. High gloss #8 finish plate samplcs were used
for the trials summarized in Table I to facilitate judging the
resultant peening coverage obtained.

All of the trals conducted using the process of this
invention (except Examples #1, #7, #11 and #13 as controls)
used a binary mixture ol relatively large and medium
“texturing shot” grades to obtain a perceptible texture rough-
ness, with a single shot grade of much smaller “overblasting
shot” to achieve the requisite peening coverage and finish
uniformity, in a combined single blasting operation. These
examples are not to be construed as restrictive in terms of the
shot grade mixtures within the scope of this invention. For
cxample, use of a tertiary mixture of texturing shot grades in
conjunction with an overblasting shot grade, such as 25%
B16 (cssentially 8501180 pm (0.034-0.047 inch)), 25%
B20, 25% B30, and 25% B60 is also possible. Likewise, a
single texwring shot grade, in combination with an over-
blasting shot grade (e.g., 75% B20 and 25% B125 (essen-
tially 5~125 um (0.0002-0.005 inch))) can also be used, as
well as a binary mixture of overblasiing shot grades.

Many combinations of various shot size grades offer the
benefits of the present invention. Overblasting shot grades
arc by definition significantly smaller than texturing shot
grades, and herein arc arbitrarily defined as essentially
having a diameter of 250 pm or less. Conversely, relatively
large texturing shot grades are herein arbitrarily defined as
essentially having a diameter of 425 pm or greater, although
it should not be construed that shot with diameters in the
range 250-425 pm would not be usecful. Texturing shot
should comprise the majority of the shot grade mixture,
prcferably at least 60%.

The texturing shot grades used in the examples of Table
[ were limited to size distributions essentially with a diam-
cter of 1000 pym (1.0 mm) or less. This should not be
construed as restrictive, but only as practically illustrative.
First, these shot grades as used in the examples arc the most
popular shot grades used commercially. Second. the density
and size of shot that can be practically used (i.c., transported
and propelled) is limited by the type of blasting equipment
cmployed for thesc trials.

Vacuum-type air-blast machines, as described in detail
herein, are the least powerful and are the most limited in shot
mass transport or “throw rate,” such that ceramic shot sizcs
essentially over about 800 pm or any size steel shot present
difficulties.

Pressure-type air-blast machines similar to the Matrasur
cquipment used for these trials, are significantly more pow-
erful with greater shot mass transport capabilitics. Ceramic
shot sizes essentially up to about 1000 um can be used with
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good results, as can smaller grades of denser steel shot. The
mass transport limitations of air-blast peening machines in
general (ie., their inability to convey and propel a sufficient
quantity of large shot grades, particularly denser steel shot,
at a sufficient rate to achieve the desired peening coverage)
dictate the types of shot that can be used. and thereby
controls the range of (extures that can be produced by
peening and overblasting with these types of machines. At
any given niass transport rate (i.c., the mass per unit time of
shot expended), coverage rate is inversely proportional to
the density (linear function) and diamelter (cubic function) of
the shot used. The larger and denser the shot is, the less
individual particle impacts {(coverage) per unit time results.

The third variety of blasting machine in common use are
the centrifugal wheel type, which mechanically “sling™ the
shot at the target. These machines are capable of propelling
a very large volume of shot, Therefore, while air-blast
machines can generally accelerate shot lo greater velocities
than can “slinger” wheel machines (although with shot sizc
and density limitations), the mechanical “slinging™ opera-
tions have much greater mass transport capability and can
easily handle large steel shot grades (with the size of the
wheel and motor being practical considerations). Steel shot
is most commonly used with this type of machine, with shot
diameters often exceeding 1000 pm (1.0 mm), and up o
2000 um (2.0 mm) diameter or greater. Thus, the type and
sizes of shot used for texturing shot mixtures is limited only
by the capabilities of the blasting equipment availabic to the
practitioner.

However, ceramic shot, and specifically ccramic shot
grade mixtures essentially having diameters less than nomi-
nally 1000 um (1.0 mmy), are preferred because of the finer
textures achieved, non-contamination of the peened press
plates, and ease of handling of the shot, which allows
simpler, less expensive, lower maintenance blasting equip-
ment to be used.

The overall finish of a peened press plate and the laminate
subsequently produced from it, to be aesthetically and
commercially acceptable, is established by its visual appear-
ance (i.e., its surface texture or structure, gloss, and overall
uniformity). The texturc can be described quantitatively by
its roughness and peak count, while gloss and uniformity are
partially a function of the peening coverage achieved. The
smaller the shot grade and the lower its density. the greater
the cquipment mass transport capability, and the longer the
exposure time (i.e., the slower the plate traverses past the
blast gun or multiple guns), the greater will be the coverage
during a single peening pass.

The percent of coverage obtained, as shown in Table [ for
each trial, may be visually determined against pre-cstab-
lished reference standards. For very exacting peening uppit
cations, several guantitative techniques have been devel-
oped, such as the Straub projection, Peenscan ultraviolet
light sensitive dye, Valentine grain growth metaliographic
examination, and Almen strip arc methods. All arc reiatvely
difficult and tedious to perform. Thercfore, visual inspection
is most often employed in the art, and was used dunng ihc
trials described herein. The visual, qualitative method 1o
determine pcening coverage of press plates is quite
adequate, since mechanical property enhancement ol press
plates, such as improved fatigue strength or stress corrosion
resistance, is of little interest with press plates.

The relationship of the percentage of coverage obtained
after peening, and the number of processing passes uscd, can
be expressed by the equation:

C=1-(1-C,)"
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where C, is the percentage of coverage afler onc pass
(expressed as a decimal), C,, is the percentage of coverage
after n passcs (expressed as a decimal), and n is the number
of passes. By visually determining the percentage of cov-
erage after scveral (n) passcs, the percentage of coverage per
pass (C,) can casily be calculated by the rearranged equa-
tion:

"

Cw:'x—-d -G,

and the number of passes necessary to obtain any final
degree of coverage (C,) desired can then be extrapolated by
the equation:

n=log(1-C ) log(1-C))

This relationship shows that 100% theoretical pecning cov-
erage is only reached asymptotically, although in practical
terms, visual inspection can discern “100%” coverage as the
absence of any obvious unpeencd arcas or islands on the
surface of the processed workpiece. Since in practice even
the most precisc quantitative analytical methods cannot
accurately measure peening coverages above 98%, this
value has been arbitrarily established by the art as defining
full coverage or saturation peening.

For mechanical applications, it is extremely important to
obtain saturation coverage if the property enhancements
sought are to be realized. However, when considering the
cosmetic qualities of press plates, and the decorative lami-
nates. produced therefrom, lesser degrees of coverage are
often acceptable. [t is generally accepted in the indusiry that
95% coverage or better produces an essentially uniform and
sparkle-free press plate finish appearance, although for some
applications, less coverage may be considered appropriate.
For the peening trials sumimarized in Table 1, at least 95%
coverage was considered optimal to produce a plate and

laminate finish aesthetically p

applications.

Another quantifiable plate surface feature, gloss level, is
usually measured with a 60° gloss mcter, of which many
makes and models are readily available, and all of which
generally work on the same principle. A beam of calibrated
intensity light is projected onto the surface of the plate at an
angle 60° to normal of the plate surface (i.e., an incidence
angle of 30° from the plane of the plate surface). Geometri-
cally opposite to the light source is a photodetector device
which measures the intensity of the light beam reflected
{rom the plate, which is then transposed by the meter into a
gloss value (either in analogue or digital form).

The gloss meter is initially calibrated against a high gloss
black tilc standard with a known gloss valuc (usually 94+1
gloss units or degrees) supplied with the meter. By conven-
tion in the United States, per NEMA standards which
regulate the high pressurce decorative laminate industry, and

leasing for most commercial

specifically NEMA Test Method LD3.13.1 (1991 ) prescrib- 53

ing the procedure for measuring gloss, for historical reasons
the meiter is arbitrarily (falsely) calibrated to an 82 gloss unit
reading against the black tile primary working standard.
However, for the gloss measurements made for the plate
finishes produced during the peening trials summarized in
Table I, the more universally used and increasingly accepted
indusiry-wide ISO (International Standards Organization)
method was employced, in which the gloss meter was cali-
brated to agree precisely with the gloss value of the black tile
standard. It must be understood by those skilled in the art
that several factors influence the relative gloss of a plate
finish, the most important of which are the microtexture
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(degree of polish) and macrotexture {structurc) of the sur-
face, which have confounding effects on the gloss level
measured by a meter.

Except for a perfect mirror finish, some quantity of light
intensity is lost from the meter’s light source through
reflection to the photodetector because of light scattering
caused by non-planer irregularities on the plate surface. The
irregularities arc present on a nanometer (nm) scale with
respect to a plate surface’s “microfinish” as well as on a
micron (um) or even millimeter (mm) scale when related to
a plate texture structure’s roughness and topography (i.e.,
peaks and valleys, or in the case of a peened plate surface,
ridges and craters, respectively). All of these disruptions
scatter some amnount of light and reduce the perceived gloss
level of the finish, both instrumentally and visually, although
both “measurcments” are not necessarily always in total
agreement. In general, the greater the microtexture and
macrotexture of the surface finish, the more light will be
scattered and the lower will be its gloss level.

Another confounding factor is the effect of surface gloss
uniformily as related to the degree of coverage of the peened
plates of this invention. The plate finish, prior to pecning, is
cssentially a planar surface, which due to polishing and
buffing, has a relatively smooth microtexture and glossy
appearance. The subsequent impact of the shot particles
during peening disrupts the planarity of the plate surface by
creating myriad impact craters, providing the macrotexture
as well as a more subtle microtexture resulting from emboss-
ing of the shot’s finish itself into the plate surface. In
gencral, the greater the peening coverage and intensity, the
rougher the texture will be and the lower the gloss level will
become. The gloss level obtained is also influenced by the
type of shot used, in terms of its smoothness, sphericity and
size. With less than complete pecning coverage, residual
unpeened, flat and relatively high gloss areas or “islands”
will remain interspersed within the overall peened texture. If
thesc islands cover an appreciable percentage of the surface
area of a peencd plate (i.e., more than 5% of the total area,
corresponding to less than 95% coverage), a generally less
desirable non-uniform gloss, sparkle appearance may be
perceived.

Howecver, a typical gloss meter measures a relatively large
area of a plate surface, with a beam focus of about 1 ¢m.
diameter, and as such only senses the aggregate or average
gloss or reflectance of the dull peened areas and shiny
unpecned islands. Therefore, while gloss can be quantified,
it is important to understand that there are many interactive
factors influencing the values measured which are not easily
separated.

Finally, the macrotexture can be quantificd in terms of the
clevation and depth of the peaks and valleys, and their
frequency, commonly referred to as the texture’s roughness
and peak count, respectively. A profilometer determines
these parameters, in which a very sensitive stylus traces the
topography of the surface structure and converts the profile
geomelry into electronic signals from which roughness
values and peak count can be calculated by defined equation
algorithms.

The instrument used to measure the roughness and peak
count values reported in Table [ was a Perthometer Model
M4P. All measurements were made using a 15 mm. trace
length, with a 2.5 mm. cut-off, such that signals from the first
1.25 mm. of the trace and the last 1.25 mm. of the trace are
ignored, and only the middle 12.5 mm section is considered
in the measurement. Additionally, for peak count determi-
nations, a slice setting of 0.5 pm was used, which is the total
distanice about the mean roughness between the upper and
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lower slice thresholds, above or below which peaks and
following valleys that extend are measured and considered
significant profile deviations. Roughness and peak count are
interrelated, and are affected by the shot grade and peening
intensity used, as well as the coverage achieved.

For textured press plates, the most descriptive and useful
roughness paramelers are considered to be Ra and Rz, Ra,
the average arithmetic roughness (in the past often denoted
AA), is the arithmetic mean of all deviations of the rough-
ness profile along the total 12.5 mm. measuring length. Rz,
the average roughness depth, is the mean of the individuat
roughness depths in five successive individual 2.5 mm.
measuring lengths comprising the total 12.5 mm. measuring
length, where each roughness depth is determined as the
vertical distance between the highest and lowest points of
the roughness profile within each segment. Peak count is
simply a measure of the number of peaks (followed by their
successive valleys) that together extend above and below the
predetermined slice threshold of +0.25 um about the rough-
ness profile mean value respectively. While these parameters
are useful in quantifying a plate texture’s structure, and
meaningful conclusions can often be made based on them,
like gloss measurements, they do not in themselves com-
pletely define the overall visual aspect of a plate finish.

The peened textured plates produced by the method of
this invention, whose properties are described in Table I, can
be generally described as “average™ in terms of their rough-
ness comparcd to the prevalent commercially available
taminate finishes popular in the marketplace. The peencd
finishes of these examples generally have an average rough-
ness (Ra) in the range 1.0-2.5 pm and roughness depths (Rz)
in the range of 8.0-15.0 um. Table IT shows a comparison of
this type of finish and the other major finishes that are
commonly produced by the high pressure decorative lami-
natc industry today.

TABLE 1I
Typical
Platc  Generic Finishing Roughness (um)
Finish Name Method Ra Rz
A Glossy Bufling 0.02-005 0208
(Lacquer)
B Matte (Satin) Shotblasting 0.2-0.3 L0-3.0
C  Peencd* Shotblasting 1.0-23 8.0-15.0
D Suede* Chemical Eiching 20-40  15.0-300
or Shotblasting
E  Decp Texture Peening, Etching, >3 >30

Machining, or
Sculpturing

{Dimensional)

*Produced by the method of the present invention.

Type A “glossy” finish is produced by the methods
previously described for preparation of the #8 mirror finish
press plate uscd in the peening trials summarized in Table I,
and is the smoothest of the finishes produced.

Type B “matte” finish has a low gloss (i.e., dull or matte
appearance) and is essentially planar with no apparent visuat
macrotexture. It is produced by blasting a Typc A finish plate
with very fine glass beads or grit materials such as sand or
alumina. Glass beads in the range 70-110 um are commonly
used, which rcadily shatter upon impact with the plate
surface such that, with recirculation, the plate surface is
esscntially being microtextured with fine, sharply frag-
mented glass powder. This finish has become poputar as a
replacement for the older “*dull rubbed” finish, in which the
surface of a glossy finish laminate afier pressing is subsc-
quently abraded by the action of brushes and a slurry
containing abrasive material to reduce its overall gloss level.
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The Type D “suede” finish is most commonly produced
by a chemical etching process, although moderately pow-
crful, centrifugal wheel type blasting machines and rela-
tively large shot grades can be used to produce finishes with
such roughnesses.

Finally, a Type E finish with a deep cxaggerated texture
can be produced by either prolonged, controlled chemical
ctching or excessive shot peening with powerful, centrifugal
wheel machines and large steel shot grades. Machining or
sculpturing of plate “masters” with deep textured designs are
other techniques commonly used. It should be recognized by
thosc skilled in the art that press plates with more pro-
nounced textures of the Type D and Type E finishes may
have to be further processed after primary texturing with
etectropolishing to deburr and smooth the surface, or addi-
tionally, chrome plating to further improve the relcasability
of the plate fro the laminate face during separation afler
pressing and curing has taken place. While electropolishing
and/or chrome plating of Type C plates of this invention is
not necessary for acceptable release properties, they may
optionally be so treated to further refine the finish, enhance
releasibility, or improve wear resistance.

The press plate shol peening, simultancous texturing and
overblasting trials summarized in Table I were conducted
with various mixtures of commercially available grades of
either ceramic or cast steel shot. It was attempted to match
the size distributions of the various ceramic and steel shot
grades as closely as possible, and sizes for both were
restricted to thosec grades of shot essentially 1000 um
diameter or less, because of limitations in the mass transport
capability of the blasting equipment used. All the examples
used a binary mixture of large and medium texturing shot
grades.

EXAMPLES 1 AND 1A

Examples #1 and #1A is similar to the prior art process,
except that a mixture of large and medium shot grades, in
licu of a single large shot grade, was used to generate the
platc macrotexture, After four passes, 90% coverage was
achieved. Applying the general coverage equation previ-
ously discussed, extrapolation indicates that six passes
would be required to obtain the minimum acceptable 95%
coverage, and an additional pass (7 total) would be neces-
sary (o reach 98% coverage or saturation. After the initial
four passes with larger shot grades, the plate was overblasted
with a small shot grade, resulting in full pecning coverage
and a very uniform, pleasing platc appearance.

EXAMPLES 2, 3, AND 4

Examples #2, #3 and #4 were conducted in accordance
with the present invention and cmployed the same mixturc
of large and medium ceramic shot grades as Example #1, to
which was added deercasing quantitics of the same over-
blasting small ccramic shot grade as Example #1A 10
simultaneously overblast the plate samples while texturing
them. As can be seen, cven with the least amount of
overblast shot grade of Example #4, 95% coverage was
obtained in only four passes. With the greatest percentage of
overblasting shot grade (Example #2), 100% visual cover-
agc was achieved in four passcs, rather than the scven passes
which would otherwise be needed without overblasting.

EXAMPLES 5 AND 6

Examples #5 and #6 used the same large and medium
ceramic shot grade mixture as the preceding examples, but
was combined with even a smaller grade of overblasting
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cerarnic shot. In both trials, essentially 100% coverage was
obtained in only three passes, compared to the four passes
needed 1o obtain 95% coverage with the larger overblast shot
grade used in comparative Examples #3 and #4.

EXAMPLES 7 AND 7A

Example #7 and #7A again represents a modification of
the prior art, using a binary mixture of texturing shot grades
with an even wider range of large and medium shot grades
than in Example #1 and #1 A, followed by the same discrete,
secondary overblasting step. Prior to overblasting, the plate
exhibited 90% coverage after five passes. The lower cover-
age rate compared to Example #1 (five passes versus four
passes) is attributable to the presence of larger particles.
Since the blasting equipment transports a given mass of shot
at a constant rate regardless of shot grade, larger shot grades
provide fewer individual particles to propel against the plate
per unit time or pass. Hence, a poorer coverage rate results,
The general coverage equation indicates that for the large
shot grade mixture used in Example #7, seven passes would
be required to obtain the minimum acceptable 95% coverage
level, and nine passes would be needed to achieve saturation
or 98% coverage.

EXAMPLES 8 AND 10

Examples #8 and #10 used the same mixture of large and
medium ceramic texturing shot grades as did Example #7, to
which was added two different grades of smaller ceramic
overblasting shot in accordance with the present invention.
A 100% visual coverage level was obtained with the larger
(B60) overblast shot grade in four passes, while 100%
coverage resulted in only three passes when the smaller (i.e.,
B125) overblast shot grade was used (as was the case with
Example #5).

EXAMPLE 9

Example #9 used the largest overall ceramic texturing
shot grade distribution with B60 shot for the simultancous
overblasting. Again, 100% coverage was achieved in only
four passes. The slightly higher roughness and lower gloss
compared to Examples #8 and #10 is consistent with the use
of the larger shot grade mix and absence of intermediate size
B30 texturing shot grade.

Overblasting, whether simultaneous or discrete, has a
slight smoothing effect on the plate texturc, wherein the near
saturation or saturation coverage of the small shot can flatten
and smooth the large shot crater rims to some extent. This
effect is reflected in a decrease in the plale texture’s average
roughness (Ra) and gloss leve] as illustrated when the plates
of Examples #1 and #7 are discretely overblasted, wherc
resultant Ra values are very similar to those for all the other
ceramic shot simultancously overblasted plates, with the
cxceptions of Example #4, where the least arount of
overblasting shot was uscd, and Example #9, = aere the
largest size texturing shot distribution was used.

All the gloss values were quite similar after overblasting,
with the exception of Example #3, which appears to be an
anomalous rcading.

EXAMPLES 11-16

Trials were also conducted with cast steel shot of com-
parable grades to the ceramic shot used in the previous
examples. Using identical blasting machine conditions as
with the ceramic shot trials, Examples #11 versus #12 and
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Examples #13 versus #14 illustrate the relative benefits of
simultaneous overblasting compared to the prior art, the
only difference being usc of a binary mixture of texturing
shot grades rather than a single shot grade. However, it is
clear that poorer coverage is obtaincd with steel shot com-
pared to a comparable mixture of ceramic shot (i.c., 95%
coverage is achieved in four passes in Example #3, whereas
only 85% coverage is obtained afller eleven passes in
Example #12). Similarly, in Example #8, 100% coverage
results after four passes, while in Example #14, after eleven
passes only 85% coverage is obtained. Using the steel shot
mixiures of Examples #12 and #14 under these operating
conditions, the general coverage equation predicts that eigh-
teen passes would be needed to achieve a minimum accept-
able 95% coverage, and twenty-threc passes would be
requircd to obtain a full 98% coverage or saturation.

The reason for the poorer coverage efficiency is largely
rclated to mass transport. While ceramic shot has a density
of about 3.75-3.85 gms/cm®, cast steel shot typically has a
density of about 7.70-7.80 gms/cm’. With steel shot being
more than twice as dense as ceramic shot, less than half the
number of individual pellets will theoretically be projected
per unit time, contributing to a much poorer coverage rate.
The poor coverage rate associated with steel shot is further
aggravated by its poorer “fluid” flow properties, since it is
heavier and typically less perfectly spherical, with a rougher
surface texture than ceramic shot. While the lower density of
ceramic shot reduces its peening infensity at a given impact
velocity vis-a-vis steel shot, air-blast machines can more
casily acceleratc ceramic shot to much higher velocitics,
thus negating much if not all of the disadvantagcous density
effect. The slightly lower roughness values obtained in
Examples #12 and #14 with stecl texturing shot using a
simultancous overblasting steel shot, compared to the
ceramic shot counterparts (Examples #3 and #8, respec-
tively), suggest slightly less striking force or peening inten-
sity was achieved with the stcel shot. Further, the lower peak
counts, as with Examples #1 and #7. are indicative of
incomplete coverage.

In Examples #15 and #16, the same shot grade mixtures
as in Examples #12 and #14, respectively, were used with
much higher air pressure to increase shot flow, coverage and
impact velocity. The increased peening intensity and cover-
age achieved in Examples #15 and #16 is cvidenced by the
significantly higher texture roughnesses and peak counts
comparcd to Examples #12 and #14. However, the 4.0
kg/em? (57 psig) air pressure used with the last two
cxamples is at or near the operating limit of the blasting
equipment employed. Still higher peening intensities or usc
of even larger steel shot grades than Examples #15 and #16,
with resultant greater roughnesses attainable, would require
morc powerful blasting equipment of the centrifugal wheel
type. Vacuum-feed air blast machines of the type used for
texturing of the large, production plates of this invention and
described in detail herein, are less cffective at increasing
shot flow and coverage at high operating air pressures than
the direct pressurc feed air-blast machines of the type
employed for this trial, since with the former, shot feed rate
is regulated by suction created by the blast gun air injector
venturi elfect, which is not as lincar as direct pressure
regulation. However, when using the lighter ceramic shot of
the grades employed in Examples #2 through #6, even the
least powerful vacuum machines are quite effective in
uniformly texturing stainless steel press plates.

The aforementioned description is not to be interpreted to
cxclude other arrangements advantageously employing the
method and product of the present invention. For examplc,
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the use of a mixture of different grades of ceramic shot may product is merely an illustrative embodiment of the prin-
be used to finish other surfaces of other materials. It may ciples of this invention and that numerous other arrange-

also be utilized on products other than press plates for
laminates. Different mixtures of different grades of shot may
be used which utilize the principles of the present invention. 5
It is to be understood that the above described method and invention.

ments and advantages may be devised by those skilled in the
art without departing [rom the spirit and scope of the

TABLE 1

SIMULTANEGUS MIXED SHOT PEENING & OVERBLASTING
TEXTURED PRESS PLATE TRIALS!Y

SHOT MIXTURE

GRADLES
TYPE TEXTURING OVERBLASTING GUN™
TRIAL CERAMIC (4 B16 B20 B30 B60 B125 PRISSURE NUMBER % COVERAGE
NUMBER DIA. {urm} 850-1180  600-850  425-600  125-250 5-125 kg/cm? PASSES (VISUAL)
1 50% 50% L3 4 50
+lA 100% L5 1 100
2 30% 30% 40% 1.5 4 100
3 37.5% 37.5% 25% 1.3 4 95
4 45% 45% 10% L5 4 95
5 375% 31.5% 25% i.5 3 100
6 45% 45% 10% 1.5 3 100
7 50% 30% 1.5 5 90
+TA 100% 1.5 i 100
§ 37.5% 37.5% 23% 1.3 4 100
9 37.5% 37.5% 25% 1.5 1
10 37.5% 37.5% 25% 1.5 3 100
CAST STEEL S390 5330 5230 570
AVG. DIA, (um) 991 838 384 178
i1 30% 50% 1.5 15 85
12 37.5% 37.5% 25% 1.5 1 85
13 50% 0% 1.5 I 85
14 37.5% 37.5% 25% 1.5 11 85
15 375% 37.5% 25% 4.0 8 95
16 37.5% 37.5% 25% 4.0 8 93
SHOT MIXTURE
GRADES
TYPE TEXTURING OVERBLASTING PEAK™
TRIAL CERAMIC (4) Bi6 B20 B30 B6O Bi25 1SO ROUGHNESS™ COUNT
NUMBER DIA. (um) 850-1180  600-850  425-600  125-250 5-125 60° GLOSS  Ra(pm) Rz (um) per cm
1 50% 50% 146 1.55 9.00 27
+IA 100% 90 1.26 5 35
2 30% 30% 40% 97 1.36 47
3 37.5%% 37.5% 25% 145 1.26 35
4 45% 45% 10% 107 1.60 32
5 37.5% 37.5% 25% 89 1.28 32
6 45% 45% 10% 105 136 30
7 50% 50% 105 1.80 27
+7A 100% 95 144 32
3 37.5% 37.5% 25% 103 1.29 36
9 37.5% 37.5% 25% 90 170 34
10 37.5% 37.5% 25% 102 1.32 36
CAST STEEL 5390 5320 5230 S76
AVG. DIA. (um) 691 838 384 178
50% 50% — 1.59 10.25 28
12 37.5% 37.5% 25% 150 1.18 8.51 26
1 50% 50% — 1.30 7.64 28
14 375% 37.5% 25% 97 1.24 9.60 26
15 37.5% 37.5% 25% — 223 14.29 35
16 37.5% 37.5% 25% — 234 1430 32

OMatrasur PHF03-60 pressure type air-blast machine; 10 x 10 cm samples AISI 410 S.S. buffed (o #8 mirror finish.

A1l other machine conditions constant: Gun distance 35 ¢m, maversing speed 20 cm/min, 2.8 sec/stroke, siroke length 60 cm
Measurements made with Perthomeler ® Model M4P profilomeler with 12.5 mm measureing length and 0.5 pm slice threshold.
Zirblast ® grades made by Suciete Europeenne des Produits Refraciaires (SEPR) France.
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What is claimed is:

1. A press plate for producing decorative laminate having
a textured surfacc formed by shot peening the surface
simultancously with a mixwre of shot particles,

the mixture of shot particles including a first quantity of
shot comprising shot grades for imparting a texture to
the surface and a second quantity of shot comprising
shot grades for adjusting a gloss level of the surface of
the plate.

2. The press plate of claim 1 in which the first quantity of
shot is at least 60 percent of the total shot and is essentially
250 um or larger in diameter and the second guanity of shot
is up to 40 percent of the total shot and is essentially between
5 and 250 um in diameter.

3. The press plate of claim 2 in which the first quantity of
shot further comprises a mixture of shot having a large grade
of shot essentially between 600 and 850 pm in diameter and
a medium grade of shot essentially between 425 and 600 um
in diameter.

4. The press plate of claim 2 in which the first quantity of
shot further comprises a mixture of shot having a large grade
of shol essentially 850 um or larger in diameter and a
medium grade ol shot essentially between 600 and 850 um
in diameter.

5. The press plate of claim 2 in which the first quantity of
shot further comprises a mixture of shot having a large grade
of shot essentially 850 um or larger in diameter and a
medium grade of shot essentially between 425 and 600 um
in diameter.

6. The press plate of claim 1, wherein at least one of said
first -quantity of shot and said second quantity of shot
includes ceramic shot particles.

7. A press plate for producing decorative laminate having
a textured surface having at least 95% peened coverage by
the simultaneous impact of a mixture of shot particles
through no more than eight peening operations,

the mixture of shot particles including a first quantity of

shot comprising shot grades for imparting a texture to
the surface and a second quantity of shot comprising

shot grades for adjusting a gloss level of the surface of

the plate.
8. The press plate of claim 7, wherein at least one of said
first quantity of shot and said second quantity of shot
includes ceramic shot particles.
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9. A press plate for producing decorative laminate having
a lextured surface formed by shot peening the surface
simultaneously with a mixture of ceramic shot particles,

the mixture of ceramic shot particles including a first

quantity of ceramic shot comprising shot grades [or
imparting a texture to the surface and a second quantity
of ceramic shot comprising shot grades for adjusling a
gloss level of the surface of the plate.

10. The press plate of claim 9 in which the first quantity
of ceramic shot is at least 60 percent of the total ceramic shot
and is essentially 250 ym or larger in diameter and the
second quantity of ceramic shot is up to 40 percent of the
total ccramic shot and is essentially between S and 250 ym
in diameter.

11. The press plate of claim 10 in which the first quantity
of ceramic shot further comprises a mixture of ccramic shot
having a large grade of ceramic shot essentially between 600
and 850 um in diameter and a medium grade of ceramic shot
cssentially between 425 and 600 um in diameter.

12. The press plate of claim 10 in which the first quantity
of ceramic shot further comprises a mixture of ceramic shot
having a large grade of ceramic shot essentially 850 um or
larger in diameter and a medium grade of ceramic shot
essentially between 600 and 850 um in diameter.

13. The press plate of claim 10 in which the first quantity
of ceramic shot further comprises a mixture of ceramic shot
having a large grade of ceramic shot essentially 850 um or
larger in diameter and a medium grade of ceramic shot
essentially between 425 and 600 pm in diameter.

14. The press plate of claim 9 in which the textured
surface of the press plate has at least 95% peening coverage
by impact of the mixture of ceramic shot particles through
no more than four pecning operations.

15. A press plate for producing decorative laminate hav-
ing a textured surface having at least 95% pecned coverage
by the simuitaneous impact of a mixture of ceramic shot
particles through no more than four peening operations,

the mixture of ceramic shot particles including a first

quantity of ceramic shot comprising shot grades for
imparting a texture to the surface and a sccond quantity
of ceramic shot comprising shot grades for adjusting a
gloss level of the surface of the plate.

* ® * * *
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