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the non-exterior surface.
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RESIN MOLDED ARTICLE, METHOD FOR
MANUFACTURING THE SAME, AND
PRINTER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to plate-shaped or box-
shaped resin molded articles. More specifically, the present
invention relates to a plate-shaped or box-shaped resin
molded article which is formed by injection molding and
required to have a good appearance.

[0003] 2. Description of the Related Art

[0004] An example of a plate-shaped or box-shaped resin
molded article includes various projecting or recessed por-
tions. For example, a projecting or recessed portion such as a
rib-shaped projecting portion for reinforcing or positioning
the resin molded article or a stepped portion formed by an
ejector pin may be formed on a non-exterior surface of the
resin molded article. In addition, a projecting or recessed
portion such as an arrow-shaped portion for introducing a
product function to the user may be formed on an exterior
surface of the molded article.

[0005] Here, the exterior surface is a surface that is visible
to the user and therefore required to have a good appearance,
and the non-exterior surface is a surface at the side opposite to
the exterior surface.

[0006] In an injection molding process, resin is injected
into a cavity of a mold through an injection gate. The flow of
the resin is disturbed at the above-described projecting or
recessed portion. Accordingly, there is a possibility that a
non-uniform section, which is a section having a color differ-
ent from that of other sections, will be formed in the exterior
surface at a position corresponding to the projecting or
recessed portion on the non-exterior surface, or at a position
near the projecting or recessed portion on the exterior surface.

[0007] Japanese Patent Laid-Open No. 2001-277303 pro-
poses a technique for reducing the occurrence of color differ-
ence on the exterior surface, in particular, jetting. More spe-
cifically, a molding method is proposed which uses a mold in
which a resin-flow-velocity reducing portion having a pro-
jecting or recessed shape is formed in a cavity for forming a
non-exterior surface at a position where the resin flow veloc-
ity tends to increase.

[0008] According to the method described in Japanese
Patent Laid-Open No. 2001-277303, defects on the exterior
surface due to excessive resin flow velocity, such as jetting,
can be reduced. However, the formation of the non-uniform
section due to disturbance of the resin flow cannot be satis-
factorily suppressed. According to Japanese Patent Laid-
Open No. 2001-277303, an irregular pattern including
V-shaped grooves is proposed as the resin-flow-velocity
reducing portion on the non-exterior surface. With this struc-
ture, when each V-shaped groove is cut along a longitudinal
direction thereof, the width of the V-shaped groove is equal to
the width of the resin molded article in the direction in which
the V-shaped groove is cut. In addition, the height of each
V-shaped groove is constant in the longitudinal direction of
the V-shaped groove. Accordingly, disturbance of the resin
flow occurs only in the thickness direction of the resin molded
article, and the resin flow cannot be sufficiently disturbed. As
a result, a non-uniform section appears on the surface of the
molded article.
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[0009] As another method according to the related art, the
mold temperature and the resin temperature may be
increased. However, when the mold temperature is increased,
a long cooling time is required. Therefore, the molding cycle
time increases and the productivity decreases. Also when the
resin temperature is increased, the molding cycle time
increases and the productivity decreases.

SUMMARY OF THE INVENTION

[0010] The present invention provides a molded article
which includes a projecting or recessed portion on a non-
exterior surface or a projecting or recessed portion on an
exterior surface and in which formation of a non-uniform
section, which is a section having a color different from that
of other sections on the exterior surface, is suppressed.
[0011] According to an aspect of the present invention, a
resin molded article includes an exterior surface, a non-exte-
rior surface, and a projecting or recessed portion provided on
at least one of the exterior surface and the non-exterior sur-
face. A thickness between the exterior surface and the non-
exterior surface is less than or equal to 3 mm. The non-
exterior surface includes at least a repeated pattern of
projections and/or recesses other than the projecting or
recessed portion. A PV value of the projections and/or
recesses is in the range 0£'0.01 mm or more and 1 mm or less.
When the projections and/or recesses on the non-exterior
surface are cut along a longitudinal direction thereof, a lon-
gitudinal dimension of each of the projections and/or recesses
is smaller than a width of the resin molded article in the
cutting direction. According to another aspect of the present
invention, a resin molded article includes an exterior surface,
a non-exterior surface, and a projecting or recessed portion
provided on at least one of the exterior surface and the non-
exterior surface. A thickness between the exterior surface and
the non-exterior surface is less than or equal to 3 mm. The
non-exterior surface includes a texture face other than the
projecting or recessed portion, the texture face having a PV
value in the range of 0.01 mm or more and 1 mm or less.
[0012] According to the aspects of the present invention, a
molded article can be provided which includes a projecting or
recessed portion on a non-exterior surface or a projecting or
recessed portion on an exterior surface and in which forma-
tion of a non-uniform section on the exterior surface is sup-
pressed.

[0013] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A and 1B illustrate an embodiment of the
present invention.

[0015] FIGS. 2A to 2D illustrate other embodiments of the
present invention.

[0016] FIGS. 3A to 3C illustrate other embodiments of the
present invention.

[0017] FIGS. 4A to 4E illustrate other embodiments of the
present invention.

[0018] FIGS. 5A and 5B illustrate other embodiments of
the present invention.

[0019] FIGS. 6A to 6E illustrate other embodiments of the
present invention.

[0020] FIGS. 7A to 7D illustrate other embodiments of the
present invention.
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[0021] FIGS. 8A to 8E illustrate other embodiments of the
present invention.

[0022] FIGS. 9A to 9F are sectional views illustrating the
manner in which resin flows according to the related art.
[0023] FIGS.10A to 10F are sectional views illustrating the
manner in which resin flows according to the related art.
[0024] FIGS. 11A to 11C are sectional views illustrating
the manner in which resin flows according to an embodiment
of the present invention.

[0025] FIG. 12 is a perspective view illustrating a non-
uniform section that appears on an exterior surface.

[0026] FIG. 13 is a perspective view of a multifunction
printer including a document reading device to which the
present invention is applied.

[0027] FIG. 14 is a perspective view of the multifunction
printer including the document reading device to which the
present invention is applied, illustrating the state in which a
document cover is opened.

[0028] FIGS. 15A and 15B illustrate other embodiments of
the present invention.

[0029] FIGS. 16A to 16G illustrate other embodiments of
the present invention.

[0030] FIG. 17 illustrates another embodiment of the
present invention.

[0031] FIGS. 18A to 18E illustrate other embodiments of
the present invention.

[0032] FIGS. 19A to 19E illustrate other embodiments of
the present invention.

[0033] FIGS. 20A to 20D illustrate other embodiments of
the present invention.

[0034] FIG. 21 illustrates another embodiment of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

[0035] FIGS. 1A and 1B illustrate a plate-shaped resin
molded article having a rib according to an embodiment of the
present invention. Referring to FIGS. 1A and 1B, a plate-
shaped resin molded article 1 includes an exterior surface 101
having a mirror face or a texture face, a non-exterior surface
102, and a rib 2 that projects from the non-exterior surface
102 of the resin molded article 1. The rib 2 is thin plate shaped
and projects from the non-exterior surface. At least a bottom
portion of the rib 2 has long and short sides. The non-exterior
surface 102 has a repeated pattern 3 of recesses. The repeated
pattern of recesses is formed of pattern units 31. M is the
maximum width of the recesses. In addition, p1 is a width of
the recesses in a direction perpendicular to the long sides of
the rib, and p2 is a width of the recesses in a direction parallel
to the long sides of the rib. According to the embodiment of
the present invention, the width of the recesses is smaller than
the width of the resin molded article in any direction. More
specifically, referring to FIGS. 1A and 1B, the width p1 of the
recesses in the direction perpendicular to the long sides of the
rib 2 is smaller than the width X of the resin molded article in
cross section of the resin molded article taken along the
direction perpendicular to the long sides of the rib 2. In
addition, the width p2 of the recesses in the direction parallel
to the long sides of the rib 2 is smaller than the width Y of the
resin molded article in cross section of the resin molded
article taken along the direction parallel to the long sides of
the rib 2. When the width of the recesses is smaller than the
width of the resin molded article in any direction as described
above, disturbance of the resin flow caused by projections
and/or recesses occurs not only in the thickness direction of
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the resin molded article but also in directions around the
projections and recesses. As a result, the resin flow is com-
plexly disturbed in directions parallel to the plane of the resin
molded article, and formation of a non-uniform section can be
suppressed.

[0036] FIG. 1A is aschematic diagram illustrating the resin
molded article 1. FIG. 1B is a sectional view of FIG. 1A taken
along line IB-IB. Referring to FIGS. 1A and 1B, the repeated
pattern 3 of recesses is formed by arranging at least a plurality
of quadrangular-pyramid-shaped recesses.

[0037] FIG. 17 is a schematic diagram illustrating an area
ratio 1. Assuming that a projection plane 62 is an arbitrary
plane including a normal line 61 dropped from a peak point 60
ofarecess in the non-exterior surface 102 of the resin molded
article to the non-exterior surface 102 and a contour of the
recess is projected onto the projection plane 62, the shape of
the recess may be defined by an area ratio 1. The area ratio n
is calculated from a projection of the contour of the recess and
a triangular reference projection formed by connecting three
points, which are the peak point 60 and two end points 64 of
the recess, with straight lines. The peak point 60 is a point that
is used to determine a PV value of the recess and that is
farthest from the non-exterior surface. The two end points 64
are the start point and the end point of the recess in the
repeated pattern. The rotation angle of the projection plane 62
around the central axis of the normal line 61 may be set to an
arbitrary angle. When A is the area of the projection of the
contour of the recess and B is the area of the triangular
reference projection, 7 is calculated as n=(A-B)/B, where n
satisfies —1<n=1.

[0038] FIG. 17 illustrates an example in which the area
ratio m is calculated for each of two orthogonal projection
planes 62 to define the shape of a projection or recess. In this
case, 1 is expressed as N=(11,1m2), where n1 is the area ratio
on a first projection plane and 12 is the area ratio on a second
projection plane. FIG. 17 illustrates a quadrangular-pyramid-
shaped recess having curved side surfaces as an example of
the case in which 1=(0.5,0.5).

[0039] FIG. 18A illustrates an example of a quadrangular-
pyramid-shaped recess, FIG. 18B an example of a triangular-
pyramid-shaped recess, FIG. 18C an example of a pentago-
nal-pyramid-shaped recess, and FIG. 18D an example of a
circular-cone-shaped recess. As is clear from these examples,
when the recess has a polygonal pyramid shape, 1 is n=(0,0).
FIG. 18E illustrates an example of a quadrangular-pyramid-
shaped recess with stepped side surfaces. In this example, 1) is
calculated as 11=(0.1,0.1). FIG. 19A illustrates an example in
which n=(0.5,0.5), FIG. 19B an example in which n=(1,0),
FIG. 19C an example in whichn=(0,1), FIG. 19D an example
in which n=(0.5,1), and FIG. 19E an example in which n=(1,
1). FIG. 19A illustrates a recess having a truncated quadran-
gular pyramid shape. FIG. 19B illustrates a recess in a stag-
gered pattern of triangular columnar portions illustrated in
FIG. 4A. FIG. 19C illustrates a recess in a pattern obtained by
rotating the staggered pattern of triangular columnar portions
illustrated in FIG. 4A by 90° so that the ridge lines of the
triangular columnar portions extend orthogonally to the long
sides of the rib. FIG. 19D illustrates a recess in a pattern
obtained by rotating the staggered pattern of rectangular
columnar portions illustrated in FIG. 4B by 90° so that the
ridge lines of the rectangular columnar portions extend
orthogonally to the long sides of the rib. FIG. 19E illustrates
a recess in a staggered pattern of rectangular parallelepiped
portions. When the value of r is positive, a projection or
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recess is present. When 1) is calculated as =(1,1), there is a
possibility that the thickness is small and no projection or
recess is formed on the non-exterior surface 102. However,
such a case is not considered. The area ratio 1 is used to define
the shape of a projection or recess having a width smaller than
the width X of the resin molded article, and is not applied to
a region in which no projection or recess is formed. FIG. 20A
illustrates an example in which n=(-0.5,-0.5), FIG. 20B an
example in which n=(-1,0), FIG. 20C an example in which
N=(0,-1), and FIG. 20D an example in which n=(-1,-1). As
is clear from these examples, when either one of n1 andn2 is
-1, no shape of a projection or recess can be defined. The case
in which either one of 1 orm2 is —1 is equivalent to the case
in which the non-exterior surface is flat at that location. The
region in which the non-exterior surface is flat is called a flat
portion. The flat part of a truncated pyramid shape as illus-
trated in FIG. 19A is not called a flat portion, and is consid-
ered as a part of a recess and used to calculate ). With regard
to the repeated pattern of projections and/or recesses includ-
ing a combination of projections, recesses, and flat portions,
the area ratio 7] is not calculated for the flat portions but is
calculated for each of the projections and recesses. Even
when the widths p1 and p2 of each recess are not equal to each
other, as illustrated in FIGS. 1A and 1B, the shape of the
recess can be defined by the area ratio 1. Although examples
of'recesses are described in the present embodiment, this also
applies to projections. When the area ratio m) of a projection or
recess is in the range of -1<n=1, formation of the non-
uniform section can be reduced, as in the embodiment illus-
trated in FIGS. 1A and 1B.

[0040] Inthe present embodiment, the rib is explained as an
example of a projecting portion that projects from the non-
exterior surface 102 of the resin molded article. However, also
when the rib is replaced by, for example, a lug which has a
polygonal columnar bottom portion and provides connection
to another resin molded article, a circular columnar boss, a
spherical projecting portion, a circular columnar projecting
or recessed portion formed by an ejector pin having a circular
shape in cross section, or a polygonal columnar projecting or
recessed portion formed by an ejector pin having a rectangu-
lar shape in cross section, a non-uniform section appears on
the exterior surface. Also in these cases, the formation of the
non-uniform section can be suppressed according to the
present invention. In addition, the non-uniform section
appears on the exterior surface also when a projecting or
recessed portion or the like for introducing a product function
to the user is formed on an exterior surface. Also in this case,
the formation of the non-uniform section can be suppressed
according to the present invention. The quadrangular-pyra-
mid-shaped recesses can be arranged along the rib 2 at posi-
tions adjacent to the rib 2. The pattern units 31, which are
quadrangular-pyramid-shaped recesses that form the
repeated pattern of recesses, can be arranged at least in areas
adjacent to the long sides of the bottom portion of the rib 2. In
the present embodiment, the quadrangular-pyramid-shaped
recesses are arranged adjacent to the rib 2. However, effects
similar to the above-described effects can also be achieved
when the recesses are separated from the rib 2 such that the
minimum distance to the rib 2 is less than or equal to three
times the width of the rib 2. The repeated pattern of the
recesses can be formed over the entire area of the non-exterior
surface by arranging the pattern units 31 over the entire area
of the non-exterior surface. In the case where the repeated
pattern of recesses is formed over the entire area of the non-
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exterior surface, the resin flow is disturbed over the entire area
ofthe resin molded article. Therefore, the color difference can
be reduced over the entire area of the exterior surface. FIGS.
2A to 2D illustrate examples of areas in which the repeated
pattern is formed. In this specification, each of the projections
and/or recesses that form the repeated pattern (each of the
quadrangular-pyramid-shaped recesses in the present
embodiment) is referred to as a “pattern unit”.

[0041] In the present embodiment, the widths p1 and p2 of
the bottom surfaces of the quadrangular-pyramid-shaped
recesses in the direction perpendicular to the rib and the
direction parallel to the rib, respectively, are both set to 1.2
mm. However, effects similar to the above-described effects
can be achieved as long as the maximum width M of the
bottom surfaces of the recesses (the maximum width of the
recesses in the non-exterior surface, that is, the length of the
diagonal of the bottom surface of each quadrangular-pyra-
mid-shaped recess in the present embodiment) is in the range
0f 0.1 mm or more and 7.0 mm or less.

[0042] In the present embodiment, a repeated pattern of
projections and/or recesses is formed of the quadrangular-
pyramid-shaped recesses. However, the repeated pattern is
not limited to this. For example, a repeated pattern of projec-
tions may be formed in which the pattern units 31 are qua-
drangular-pyramid-shaped projections. Other examples of
shapes of the pattern units are illustrated in FIGS. 3A to 8E.
Portions similar to those illustrated in FIGS. 1A and 1B are
denoted by the same reference numerals, and explanations
thereof are thus omitted. Referring to FIGS. 3A to 5B, the
pattern units may be polygonal-pyramid-shaped recesses,
such as triangular-pyramid-shaped recesses 4 (see FIG. 3A)
or pentagonal-pyramid-shaped recesses 5 (see FIG. 3B), or
polygonal-pyramid-shaped projections, such as triangular-
pyramid-shaped projections or pentagonal-pyramid-shaped
projections. In addition, the pattern units may be circular-
cone-shaped recesses 6 (see FIG. 3C) or, of course, circular-
cone-shaped projections. Alternatively, the repeated pattern
of projections and/or recesses may be formed by arranging
triangular columnar recesses 7 or projections, which serve as
the pattern units, in a staggered pattern (see FIG. 4A). In this
case, the pattern units are shaped such that triangular columns
are cut along the axial direction thereof, and the repeated
pattern of projections and/or recesses is formed by arranging
the pattern units in a direction orthogonal to the axial direc-
tion such that the axial direction is parallel to the exterior
surface. Similarly, the repeated pattern may be a staggered
pattern of polygonal columnar portions, such as quadrangular
columnar portions 8 (see FIG. 4B) or pentagonal columnar
portions 9 (see FIG. 4C), a staggered pattern of columnar
portions 10 having the shape of a circular column that is
partially cut (see FIG. 4D), or a staggered pattern of semicir-
cular columnar portions 11 (see FIG. 4E). Alternatively, the
pattern units of the repeated pattern of projections and/or
recesses may be spherical-crown-shaped recesses 12 (see
FIG. 5A) or hemispherical recesses 13 (see FIG. 5B). The
repeated pattern of projections and/or recesses may be
formed by combining the above-described pattern units.

[0043] Referring to FIGS. 6A to 6E, the pattern units of the
repeated pattern of projections and/or recesses may be cone-
shaped recesses 24 (see FIG. 6 A) having curved side surfaces
or cone-shaped projections having curved side surfaces. The
curved side surfaces of the cone-shaped portions may be
formed as a combination of two or more types of curved
surfaces (see FIGS. 6D and 6E). Referring to FIGS. 6B and
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6C, cone-shaped projections having curved side surfaces may
be formed by processing a surface of'a mold 200 for forming
the non-exterior surface 102 with a ball-end mill 300 and
transferring the shape of the processed surface onto the non-
exterior surface 102. Referring to FIGS. 6D and 6E, cone-
shaped projections having side surfaces formed as a combi-
nation of two or more types of curved surfaces may be formed
by processing a surface of a mold 200 for forming the non-
exterior surface 102 with two types of ball-end mills 300
having different diameters and transferring the shape of the
processed surface onto the non-exterior surface 102.

[0044] The repeated pattern of projections and/or recesses
may be formed such that a plurality of lines of projections
and/or recesses are arranged parallel to each other. The lines
of'projections and/or recesses may be shifted from each other
by an amount less than the maximum width of the projections
and/or recesses in the non-exterior surface. The pattern units
formed of projections and/or recesses may be shaped such
that triangular columns, quadrangular columns, pentagonal
columns, circular columns, semicircular columns, etc., are
cut along the axial direction. Further advantageous effects
may be achieved when the repeated pattern of projections
and/or recesses is formed over the entire area of the non-
exterior surface.

[0045] In the embodiments illustrated in FIGS. 3A to 3C,
several-millimeter squares are provided as units to be
arranged next to each other, and triangular, pentagonal, or
circular bottom surfaces are arranged in the respective units.
However, effects similar to the above-described effects may
be obtained also when the triangular, pentagonal, or circular
bottom surfaces are arranged without gaps therebetween. In
addition, effects similar to the above-described effects can
also be achieved when blank sections partially exist in the
pattern of projections and/or recesses. In the case where the
projections and/or recesses are polygonal-pyramid-shaped
recesses, lines that connect the centers of the bottom surfaces
of the polygonal pyramids can be arranged so as to extend
parallel or perpendicular to the rib 2. However, effects similar
to the above-described effects may, of course, also be
achieved when the lines that connect the centers are inclined
with respect to the rib 2 at an angle in the range of 0 to 90
degrees.

[0046] Referring to FIGS. 7A to 7D, effects similar to the
above-described effects may also be obtained when the
repeated pattern of projections and/or recesses is formed by
combining of two or more types of portions selected from
projections 50, recesses 51, and flat portions 52.

[0047] The pattern units may be a combination of two or
more types of projections and recesses having different
dimensions or shapes.

[0048] FIGS. 8A to 8E illustrate a plate-shaped resin
molded article having a rib according to other embodiments
of the present invention. Referring to FIGS. 8A to 8E, a
plate-shaped resin molded article 1 includes an exterior sur-
face 101 having a mirror face or a texture face, a non-exterior
surface 102, and a rib 2 that projects from the non-exterior
surface 102 of the resin molded article 1. The rib 2 is thin plate
shaped and projects from the non-exterior surface. At least a
bottom portion of the rib 2 has long and short sides. The
non-exterior surface 102 has a texture face 25 formed by
etching. The texture face 25 has a texture pattern formed of
projections and/or recesses.
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[0049] FIG. 8A is a schematic diagram illustrating the resin
molded article 1. FIG. 8B is a sectional view of FIG. 8A taken
along line VIIIB-VIIIB, illustrating the texture pattern
formed by etching. FIG. 8C is a schematic diagram illustrat-
ing the texture pattern formed by etching as viewed from the
non-exterior-surface side. FIG. 8D is a sectional view of FIG.
8A taken along line VIIIB-VIIIB, illustrating the texture pat-
tern formed by sand blasting. FIG. 8E is a schematic diagram
illustrating the texture pattern formed by sand blasting as
viewed from the non-exterior-surface side. A texture face 26
formed by sand blasting may be formed on the non-exterior
surface 102. The texture patterns illustrated in FIGS. 8 A to 8E
include patterns along the plane as viewed in a direction
perpendicular to the texture face, as well as patterns and
depths as viewed in a cross sectional direction of the texture
face. The texture pattern can be arranged along the rib 2 in
areas adjacent to the rib 2. However, effects similar to the
above-described effects can also be achieved when the texture
pattern is separated from the rib 2 by a distance less than or
equal to three times the width of the rib 2. Recesses included
in the texture pattern can be arranged at least in areas adjacent
to the long sides of the bottom portion of the rib 2.

[0050] Although the texture face including recesses is
described in the present embodiment, a texture face including
projections may be formed instead.

[0051] The area ratio | of the present embodiment is illus-
trated in FIG. 21. As illustrated in FIG. 21, the area ratio 1 can
also be calculated for the texture face, and is in the range of
-1<n=1.

[0052] The maximum width M of the projections and/or
recesses in the texture pattern on the non-exterior surface can
be in the range of 0.1 mm or more and 7.0 mm or less.
[0053] The width of the projections and/or recesses in the
repeated pattern of projections and/or recesses or the texture
pattern can be less than or equal to the width of the projecting
or recessed portion on the exterior surface or the non-exterior
surface.

[0054] The present invention has been made on the basis of
the results of the following experiments conducted by the
inventors of the present invention.

[0055] FIGS.9A to 9C are diagrams illustrating the manner
in which resin flows in an injection process for forming a
molded article having a rib-shaped projecting portion that
projects from a non-exterior surface, which has been discov-
ered as a result of a resin-flow visualization experiment.
FIGS. 10A to 10C are diagrams illustrating the manner in
which resin flows in an injection process for forming a
molded article having a recessed portion in a non-exterior
surface, which has been discovered as a result of a resin-flow
visualization experiment. FIGS. 9D to 9F are diagrams illus-
trating the manner in which resin flows in an injection process
for forming a molded article having a recessed portion in an
exterior surface. FIGS. 10D to 10F are diagrams illustrating
the manner in which resin flows in an injection process for
forming a molded article having a projecting portion on an
exterior surface. The orientation of a flow front 15 of molten
resin 14 that flows through a cavity 16 is parallel to a resin
flow direction until the molten resin 14 reaches the rib 2.
When the molten resin 14 reaches the rib 2, the molten resin
14 moves toward the rib 2, so that the flow front 15 is oriented
toward the rib 2. Then, when the molten resin 14 passes the rib
2, the flow front 15 is oriented toward a mold surface 17 that
corresponds to the exterior surface. The orientation of the
flow front 15 toward the mold surface 17 that corresponds to
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the exterior surface is considered to be one of the causes of the
formation of a non-uniform section. FIG. 12 is a perspective
view of a plate-shaped resin molded article having a rib that
projects from a non-exterior surface, illustrating a non-uni-
form section that appears on an exterior surface of the plate-
shaped resin molded article. Referring to FIG. 12, a resin
molded article 1 includes a thin wall portion and a rib 2 that
projects from the non-exterior surface. The molten resin flows
through a gate 71, which is an inlet that allows the molten
resin to enter the cavity for forming the molded article. A
non-uniform section 18 is formed on an exterior surface 21 of
the molded article, and the position of the non-uniform sec-
tion 18 corresponds to the downstream end of the rib 2 in the
direction in which the molten resin flows. This position cor-
responds to the position at which the flow front 15 is oriented
toward the mold surface 17 that corresponds to the exterior
surface in FIGS. 9A to 9C.

[0056] FIGS. 11A to 11C illustrate an embodiment of the
present invention. FIGS. 11A to 11C are diagrams illustrating
the manner in which resin flows in an injection process for
forming a molded article having a repeated pattern of qua-
drangular-pyramid-shaped recesses on a non-exterior surface
in areas adjacent to the rib. Portions similar to those illustrated
in FIGS. 9A to 9F are denoted by the same reference numer-
als, and explanations thereof are thus omitted. The molten
resin 14 flows into the quadrangular-pyramid-shaped
recesses that form the repeated pattern 3 in various directions.
Therefore, the flow of the molten resin 14 is disturbed. Thus,
the flow of the molten resin 14 is disturbed not only at the rib
2 but also in other areas. In addition, the disturbance not only
occurs in the direction in which the molten resin 14 flows, but
also slightly occurs in other various angular directions. This
probably contributes to making the color difference less rec-
ognizable as a non-uniform section, as compared with the
related art in which the color difference appears on the exte-
rior surface only at the bottom of the rib 2.

[0057] The present invention is based on the result of the
above-described experiments. It has been found that the for-
mation of the non-uniform section due to the projecting or
recessed portion on the non-exterior surface or the projecting
or recessed portion on the exterior surface can be reduced by
forming projections and/or recesses for disturbing the resin
flow on the non-exterior surface.

[0058] FIGS. 11A to 11C illustrate an example of a resin
molded article including a rib-shaped projecting portion that
projects from the non-exterior surface. However, the above
discussion also applies to a resin molded article having a
recessed portion in an exterior surface, a resin molded article
having a recessed portion in a non-exterior surface, or a resin
molded article having a projecting portion on an exterior
surface, as illustrated in FIGS. 9D to 9F and FIGS. 10A to
10F. In each of the embodiments illustrated in FIGS. 1A to
8E, the resin molded article has a projecting portion that
projects from the non-exterior surface thereof. However,
effects of the present invention can also be achieved when one
or both of a projecting portion that projects from the non-
exterior surface and a recessed portion that is recessed from
the exterior surface are formed on the resin molded article.

[0059] Referring to FIG. 1B, the present invention is most
effective when a thickness 104 between the exterior surface
101 and the non-exterior surface 102 is 3 mm or less. When
the thickness 104 is larger than 3 mm, the exterior surface 21
is not affected by the disturbance of the molten resin 14 due to
the rib 2, and the non-uniform section is not formed. In FIG.
1B, reference numeral 105 illustrates the thickness of the rib.
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[0060] The repeated pattern of projections and/or recesses
has a height difference 100 (distance from the top points of
the projections to the bottom points of the recesses), which is
defined as a PV value in this specification. The present inven-
tion is most effective when the PV value is 0.01 mm or more
and 1 mm or less. When the PV value is less than 0.01 mm, the
flow of the molten resin cannot be sufficiently disturbed by
the repeated pattern of projections and/or recesses, and the
formation of the non-uniform section cannot be suppressed.
When the PV value is greater than 1 mm, the flow of the
molten resin 14 can be disturbed by the repeated pattern of
projections and/or recesses. However, non-uniform sections
corresponding to the repeated pattern of projections and/or
recesses will be formed on the exterior surface 21. As aresult,
the appearance will be degraded.

[0061] In FIGS. 1A and 1B, the present invention is most
effective when the maximum width M of the quadrangular-
pyramid-shaped recesses is in the range of 0.1 mm or more
and 7.0 mm or less.

[0062] In addition, the present invention is most effective
when the exterior surface 101 is black or dark in color. In
addition, the present invention is most effective when the
surface of the exterior surface 21 is a glossy mirror face or a
texture face.

[0063] A molding method for forming a resin molded
article according to an embodiment of the present invention
will now be described. The resin molded article according to
the embodiment of the present invention can be manufactured
by a known injection molding method. The repeated pattern
of projections and/or recesses is formed by, for example, the
following process. That is, first, a V-shaped end mill is moved
along a recessed portion (for forming the rib) in a mold that
forms a cavity for forming the non-exterior surface. Then, the
angle of the moving direction of the end mill is changed, and
the end mill is moved again. Accordingly, a repeated pattern
of projections and/or recesses in which polygonal-pyramid-
shaped projections are arranged is formed. Cone-shaped or
columnar portions having curved side surfaces can be formed
by using a ball-end mill in place of the above-described
V-shaped end mill. In addition, cone-shaped or columnar
portions having side surfaces formed as a combination of two
types of curved surfaces can be formed by using two types of
ball-end mills having different diameters (see FIGS. 6D and
6F). Then, an injection molding process is performed to trans-
fer the repeated pattern onto a resin molded article. Thus, a
resin molded article having a repeated pattern of projections
and/or recesses in which polygonal-pyramid-shaped recesses
are arranged can be manufactured. With regard to the texture
face, a texture pattern is formed by etching, shot blasting, or
sand blasting on a mold that forms a cavity for forming the
non-exterior surface. Then, an injection molding process is
performed to transfer the texture pattern onto a resin molded
article. Thus, a resin molded article having a texture pattern
can be manufactured (see FIGS. 8A to 8E).

[0064] According to the present invention, effects similar to
the above-described effects can also be achieved when the
exterior surface 21 is dark in color. In addition, the surface of
the exterior surface 21 is not limited to a glossy mirror face,
and effects similar to the above-described effects can be
achieved when the exterior surface 21 is a texture face.
[0065] According to the present invention, the mold tem-
perature is not limited. Effects similar to the above-described
effects can be achieved when, for example, the mold tempera-
ture is close to the glass transition temperature of the resin. In
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addition, effects similar to the above-described effects can
also be achieved when the mold temperature is sufficiently
low.

[0066] According to the present invention, the kind of the
resin is also not limited. Effects similar to the above-de-
scribed effects can also be achieved when PC/ABS, PS, HIPS,
etc., are used.

EXAMPLES

[0067] Examples of the present invention and comparative
examples will now be described. As examples of the present
invention, the present invention was applied to a document
cover, which was a part of a housing of a multifunction printer
including a document reading device. FIG. 13 is a perspective
view of the multifunction printer including the document
reading device to which the present invention was applied. In
FIG. 13, amultifunction printer 19 includes a housing 20 that
forms a document cover 23 and a main body of the multifunc-
tion printer 19. The housing 20 was made of black resin, and
the surface thereof was a mirror face. FIG. 14 is a perspective
view illustrating the state in which the document cover 23 is
opened. In the examples, the present invention was applied to
anon-exterior surface 22 of the document cover 23 illustrated
in FIG. 14.

First Example

[0068] In the first example, the repeated pattern of projec-
tions and/or recesses was formed on the non-exterior surface
22 of the document cover 23 illustrated in FIG. 14. The
thickness of the document cover 23 was 2.3 mm, and the
thickness of the rib 2 was 1.2 mm. The document cover 23
was black, and the exterior surface 21 thereof was a glossy
mirror face. The molding process was performed under the
following conditions: the mold temperature was 50° C., the
injection time was 2.5 s, and the resin temperature was 220°
C. ABS was used as the resin material.

[0069] Quadrangular-pyramid-shaped recesses  were
formed as the pattern units of the repeated pattern of projec-
tions and/or recesses on the non-exterior surface 22. The
width p1 of the recesses in the direction perpendicular to the
rib 2 and the width p2 of the recesses in the direction parallel
to the rib 2 were both set to 1.2 mm. The maximum width M
was set to 1.69 mm. The PV value was set to 0.1 mm. The
quadrangular-pyramid-shaped recesses were formed over the
entire area of the non-exterior surface 22. The area ratio 1 of
each pattern unit was 1=(0,0).

Second Example

[0070] A document cover 23 was formed under the same
conditions as the conditions of the first example except the
thickness of the document cover 23 was set to 3.0 mm.

Third Example

[0071] A document cover 23 was formed under the same
conditions as the conditions of the first example except the
thickness of the document cover 23 was set to 3.1 mm.

Fourth Example

[0072] A document cover 23 was formed under the same
conditions as the conditions of the first example except the
thickness of the document cover 23 was set to 0.5 mm.

First Comparative Example

[0073] A document cover was formed under the same con-
ditions as the conditions of the first example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.
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Second Comparative Example

[0074] A document cover was formed under the same con-
ditions as the conditions of the second example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.

Third Comparative Example

[0075] A document cover was formed under the same con-
ditions as the conditions of the third example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.

Fourth Comparative Example

[0076] A document cover was formed under the same con-
ditions as the conditions of the fourth example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.

[0077] The results of the first to fourth examples and the
firstto fourth comparative examples are shown in Table 1. The
numbers in Table 1 indicate the brightness deviation at the
non-uniform section in the exterior surface, which was cal-
culated from brightness data obtained by photographing the
non-uniform section with a CCD camera. The appearance is
degraded (the non-uniform section becomes more conspicu-
ous) as the deviation increases in the negative direction, and is
improved (the non-uniform section less conspicuous) as the
deviation approaches 0. Visual evaluation was also per-
formed, and it was confirmed that when the deviation is -25
or less, the non-uniform section is visually recognized. In the
“evaluation result” column, circles indicate that the non-uni-
form section is not conspicuous and x-marks indicate that the
non-uniform section is conspicuous. Triangles indicate that
the non-uniform section is not conspicuous but is slightly
noticeable.

TABLE 1
Shape of
Projections/ Evaluation
Recesses Thickness  Deviation Result
1st Example Quadrangular 2.3 mm -13.1 O
Pyramid
(Recesses)
2nd Example  Quadrangular 3.0 mm -10.1 O
Pyramid
(Recesses)
3rd Example Quadrangular 3.1 mm -9.8 O
Pyramid
(Recesses)
4th Example  Quadrangular 0.5 mm -15.6 O
Pyramid
(Recesses)
st Flat 2.3 mm -27.4 X
Comparative
Example
2nd Flat 3.0 mm -26.3 X
Comparative
Example
3rd Flat 3.1 mm -25 A
Comparative
Example
4th Flat 0.5 mm -28.5 X
Comparative
Example
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Fifth Example

[0078] A document cover was formed under the same con-
ditions as the conditions of the first example except the PV
value of the quadrangular-pyramid-shaped recesses formed
in the non-exterior surface 22 was set to 1 mm. The area ratio
1 of each quadrangular-pyramid-shaped recess was n=(0,0).

Sixth Example

[0079] A document cover was formed under the same con-
ditions as the conditions of the first example except the PV
value of the quadrangular-pyramid-shaped recesses formed
in the non-exterior surface 22 was set to 0.01 mm. The area
ratio m of each quadrangular-pyramid-shaped recess was

n=(0.0).
Fifth Comparative Example

[0080] A document cover was formed under the same con-
ditions as the conditions of the first example except the PV
value of the quadrangular-pyramid-shaped recesses formed
in the non-exterior surface 22 was set to 1.1 mm. The area
ratio m of each quadrangular-pyramid-shaped recess was

n=(0.0).
Sixth Comparative Example

[0081] A document cover was formed under the same con-
ditions as the conditions of the first example except the PV
value of the quadrangular-pyramid-shaped recesses formed
in the non-exterior surface 22 was set to 0.009 mm. The area
ratio m of each quadrangular-pyramid-shaped recess was
N=(0.0).

[0082] The results of the fifth and sixth examples and the
first, fifth, and sixth comparative examples are shown in Table
2.

TABLE 2
Shape of
Projections/ Evaluation
Recesses PV value Deviation Result
5th Example Quadrangular 1 mm -24.8 A
Pyramid
(Recesses)
6th Example Quadrangular 0.01 mm -24.5 A
Pyramid
(Recesses)
1st Flat 0 mm -274 X
Comparative
Example
5th Quadrangular 1.1 mm -26.9 X
Comparative Pyramid
Example (Recesses)
6th Quadrangular 0.009 mm =27 X
Comparative Pyramid
Example (Recesses)
Seventh Comparative Example
[0083] A document cover was formed under the same con-

ditions as the conditions of the first example except the width
of the quadrangular-pyramid-shaped portions formed on the
non-exterior surface 22 was set to the same width as the width
of the document cover.

[0084] The results of the first example and the first and
seventh comparative examples are shown in Table 3. FIGS.
15A and 15B are schematic diagrams illustrating the first
example and the seventh comparative example, respectively.
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TABLE 3
Widths of
Shape of Projections/
Projections/ Recesses and Evaluation
Recesses Molded Article  Deviation Result
1st Example Quadrangular ~ Width of -13.1 O
Pyramid Recesses is
(Recesses) Shorter
1st Flat — -27.4 X
Comparative
Example
7th V-Shaped Same -25.3 X
Comparative Grooves
Example
[0085] In seventh to twelfth examples, the shape of the

projecting or recessed portion on the non-exterior surface was
changed to various shapes. FIGS. 16A to 16G show the
shapes of the projecting or recessed portion on the non-exte-
rior surface.

Seventh Example

[0086] A document cover was formed under the same con-
ditions as the conditions of the first example except a boss 400
(see FIG. 16B) having a circular shape in cross section was
formed on the non-exterior surface 22 instead of the rib 2 (see
FIG. 16A) formed in the first example.

Eighth Example

[0087] A document cover was formed under the same con-
ditions as the conditions of the first example except a con-
necting lug 401 (see FIG. 16C) having a rectangular shape in
cross section was formed on the non-exterior surface 22
instead of the rib 2 (see FIG. 16 A) formed in the first example.

Ninth Example

[0088] A document cover was formed under the same con-
ditions as the conditions of the first example except a project-
ing portion 402 (see FIG. 16D) was formed on the non-
exterior surface 22 by the ejector pin and the cavity instead of
the rib 2 (see FIG. 16 A) formed in the first example.

Tenth Example

[0089] A document cover was formed under the same con-
ditions as the conditions of the first example except arecessed
portion 403 (see FIG. 16E) was formed on the non-exterior
surface 22 by the ejector pin and the cavity instead of the rib
2 (see FIG. 16A) formed in the first example.

Eleventh Example

[0090] A document cover was formed under the same con-
ditions as the conditions of the first example except an arrow
404 (see FIG. 16F) having a projecting shape that indicates a
product function was formed as a projecting portion on the
exterior surface 21 in place of the rib 2 (see FIG. 16 A) formed
on the non-exterior surface 22 in the first example.
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Twelfth Example
[0091] A document cover was formed under the same con-

ditions as the conditions of the first example except an arrow
405 (see FIG. 16G) having a recessed shape that indicates a
product function was formed in the exterior surface 21 in
place of the rib 2 (see FIG. 16 A) formed on the non-exterior
surface 22 in the first example.

Eighth Comparative Example

[0092] A document cover was formed under the same con-
ditions as the conditions of the seventh example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.

Ninth Comparative Example

[0093] A document cover was formed under the same con-
ditions as the conditions of the eighth example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.

Tenth Comparative Example

[0094] A document cover was formed under the same con-
ditions as the conditions of the ninth example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.
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Eleventh Comparative Example

[0095] A document cover was formed under the same con-
ditions as the conditions of the tenth example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.

Twelfth Comparative Example

[0096] A document cover was formed under the same con-
ditions as the conditions of the eleventh example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.

Thirteenth Comparative Example

[0097] A document cover was formed under the same con-
ditions as the conditions of the twelfth example except the
repeated pattern of projections and/or recesses was not
formed on the non-exterior surface 22.

[0098] The results of the first and seventh to twelfth
examples and the eighth to thirteenth comparative examples
are shown in Table 4. The projecting or recessed portion on
the exterior surface or the non-exterior surface according to
the first and seventh to twelfth embodiments are illustrated in
FIGS. 16A to 16G.

TABLE 4
Shape of Location of
Projections/ Projecting/Recessed Projecting/Recessed Evaluation
Recesses Portion Portion Deviation Result
1st Example Quadrangular ~ Non-Exterior Surface  Rib -13.1 O
Pyramid
(Recesses)
7th Example Quadrangular  Non-Exterior Surface  Boss -13.2 O
Pyramid
(Recesses)
8th Example Quadrangular ~ Non-Exterior Surface Lug -13 O
Pyramid
(Recesses)
9th Example Quadrangular ~ Non-Exterior Surface  Ejector-Pin -13.1 O
Pyramid Projecting Portion
(Recesses)
10th Example  Quadrangular ~ Non-Exterior Surface  Ejector-Pin -13.1 O
Pyramid Recessed Portion
(Recesses)
11th Example  Quadrangular  Exterior Surface Arrow-Shaped -13.3 O
Pyramid Projecting Portion
(Recesses)
12th Example  Quadrangular  Exterior Surface Arrow-Shaped -13.3 O
Pyramid Recessed Portion
(Recesses)
8th Flat Non-Exterior Surface  Boss -27.4 X
Comparative
Example
9th Flat Non-Exterior Surface  Lug -27.3 X
Comparative
Example
10th Flat Non-Exterior Surface  Ejector-Pin -27.5 X
Comparative Projecting Portion
Example
11th Flat Non-Exterior Surface  Ejector-Pin -27.1 X
Comparative Recessed Portion
Example
12th Flat Exterior Surface Arrow-Shaped -27.2 X
Comparative Projecting Portion
Example
13th Flat Exterior Surface Arrow-Shaped -27.2 X

Comparative
Example

Recessed Portion
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9
Thirteenth Example Seventeenth Example
([1(.)999] A documf:r.lt cover was formed under the same con- [0104] A document cover was formed under the same con-
itions as the conditions of the first example except the mini- .. .. .
mrum distance from the rib 2 to the recesses in the non-exterior ditions as the conditions of the first example except the widths
surface 22 was set to 3.6 mum. p1 and p2 of the quadrangular-pyramid-shaped recesses in the
non-exterior surface 22 in the directions perpendicular to the
Fourteenth Example rib 2 and parallel to the rib 2, respectively, were both set to 0.4
[0100] A document cover was formed under the same con- mm and tl}e maﬁlmun(;Wldtth was se.t(;o 3'56 (Iinm Thearea
ditions as the conditions of the first example except the mini- railo 1 ol each quadraguiarpyraiud-shaped recess was
mum distance from the rib 2 to the recesses in the non-exterior n=(0.0).
surface 22 was set to 4.0 mm.
Eighteenth Example
Fifteenth Example
[0101] A document cover was formed under the same con- [91,05] A documept cover was formed under the same .con-
ditions as the conditions of the first example except the mini- ditions as the conditions of the first ex.ample except the Wldths
mum distance from the rib 2 to the recesses in the non-exterior pland p2 of the quadrangular-pyramid-shaped recesses in the
surface 22 was set to 3.6 mm and areas separated from the rib non-exterior surface 22 in the directions perpendicular to the
2 by 20 mm or more were formed as flat surfaces without rib 2 and parallel to the rib 2, respectively, were both set to 0.8
forming the recesses. mm and the maximum width M was set to 1.13 mm. The area
ratio M of each quadrangular-pyramid-shaped recess was
Sixteenth Example 1n=(0,0).
[0102] A document cover was formed under the same con-
ditions as the conditions of the first example except the mini- Nineteenth Example
mum distance from the rib 2 to the recesses in the non-exterior
surface 22 was set to 0 mm and areas separated from the rib 2 [0106] A document cover was formed under the same con-
by 20 mm or more were formed as flat surfaces without ditions as the conditions of the first example except the widths
forming the recesses. p1 and p2 of the quadrangular-pyramid-shaped recesses in the
[0103] The results of the first and thirteenth to sixteenth non-exterior surface 22 in the directions perpendicular to the
examples and the first comparative example are shown in rib 2 and parallel to the rib 2, respectively, were both setto 1.6
Table 5. In Table 5, the recess start position is the minimum mm and the maximum width M was set to 2.26 mm. The area
distance from the rib to the recesses and the recess end posi- ratio M of each quadrangular-pyramid-shaped recess was
tion is the maximum distance from the rib to the recesses. Nn=(0,0).
TABLE 5
Shape of
Projections/ Recess Start  Recess End Evaluation
Recesses Position Position Deviation Result
1st Example Quadrangular 0 mm End of Resin -13.1 O
Pyramid Molded Article
(Recesses)
13th Example  Quadrangular 3.6 mm End of Resin -13.6 O
Pyramid Molded Article
(Recesses)
14th Example  Quadrangular 4.0 mm End of Resin -24.9 A
Pyramid Molded Article
(Recesses)
15th Example  Quadrangular 3.6 mm 20 mm -14.1 O
Pyramid
(Recesses)
16th Example  Quadrangular 0 mm 20 mm -13.2 O
Pyramid
(Recesses)
1st Flat — — -27.4 X

Comparative

Example
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Twentieth Example

[0107] A document cover was formed under the same con-
ditions as the conditions of the first example except the widths
p1 and p2 of'the quadrangular-pyramid-shaped recesses in the
non-exterior surface 22 in the directions perpendicular to the
rib 2 and parallel to the rib 2, respectively, were both set to 2.0
mm and the maximum width M was set to 2.80 mm. The area
ratio m of each quadrangular-pyramid-shaped recess was

n=(0.0).
Twenty-First Example

[0108] A document cover was formed under the same con-
ditions as the conditions of the first example except the widths
p1 and p2 of'the quadrangular-pyramid-shaped recesses in the
non-exterior surface 22 in the directions perpendicular to the
rib 2 and parallel to the rib 2, respectively, were both set to 3.0
mm and the maximum width M was set to 4.24 mm. The area
ratio m of each quadrangular-pyramid-shaped recess was

n=(0.0).
Twenty-Second Example

[0109] A document cover was formed under the same con-
ditions as the conditions of the first example except the widths
p1 and p2 of'the quadrangular-pyramid-shaped recesses in the
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mm and the maximum width M was set to 7.07 mm. The area
ratio M of each quadrangular-pyramid-shaped recess was

n=(0.0).
Twenty-Fourth Example

[0111] A document cover was formed under the same con-
ditions as the conditions of the first example except the widths
p1 and p2 of the quadrangular-pyramid-shaped recesses in the
non-exterior surface 22 in the directions perpendicular to the
rib 2 and parallel to the rib 2, respectively, were both set to 6.0
mm and the maximum width M was set to 8.4 mm. The area
ratio M of each quadrangular-pyramid-shaped recess was

n=(0.0).
Twenty-Fifth Example

[0112] A document cover was formed under the same con-
ditions as the conditions of the first example except the widths
p1 and p2 of the quadrangular-pyramid-shaped recesses in the
non-exterior surface 22 in the directions perpendicular to the
rib 2 and parallel to the rib 2, respectively, were both set to
0.07 mm and the maximum width M was set to 0.09 mm. The
area ratio 1) of each quadrangular-pyramid-shaped recess was
N=(0.0).

[0113] The results of the first and seventeenth to twenty-
fifth examples and the first comparative example are shown in
Table 6.

TABLE 6

Shape of Width pl Width p2  Maximum Evaluation
Projections/Recesses (Perpendicular) (Parallel) WidthM  Deviation Result

1st Example Quadrangular Pyramid 1.2 mm 1.2 mm 1.69 mm -13.1
(Recesses)

17th Example Quadrangular Pyramid 0.4 mm 04mm  0.56 mm -14.1
(Recesses)

18th Example Quadrangular Pyramid 0.8 mm 0.8 mm 1.13 mm -13.6 O
(Recesses)

19th Example Quadrangular Pyramid 1.6 mm 1.6 mm  2.26 mm -18.8 O
(Recesses)

20th Example Quadrangular Pyramid 2.0 mm 20mm  2.80 mm -20.8 O
(Recesses)

21st Example Quadrangular Pyramid 3.0 mm 3.0mm  4.24 mm -20.8 O
(Recesses)

22nd Example Quadrangular Pyramid 4.0 mm 40mm  5.65mm -21.2 O
(Recesses)

23rd Example Quadrangular Pyramid 5.0 mm 50mm  7.07 mm -23.6 O
(Recesses)

24th Example Quadrangular Pyramid 6.0 mm 6.0 mm 8.4 mm -24.9 A
(Recesses)

25th Example Quadrangular Pyramid 0.07 mm 0.07mm  0.09 mm -24.9 A
(Recesses)

1st Comparative  Flat — — — -27.4 X

Example

non-exterior surface 22 in the directions perpendicular to the
rib 2 and parallel to the rib 2, respectively, were both set to 4.0
mm and the maximum width M was set to 5.65 mm. The area
ratio m of each quadrangular-pyramid-shaped recess was

n=(0.0).
Twenty-Third Example

[0110] A document cover was formed under the same con-
ditions as the conditions of the first example except the widths
p1 and p2 of'the quadrangular-pyramid-shaped recesses in the
non-exterior surface 22 in the directions perpendicular to the
rib 2 and parallel to the rib 2, respectively, were both set to 5.0

Twenty-Sixth Example

[0114] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of triangular-pyramid-shaped recesses. The width p1
of'the recesses in the direction perpendicular to the rib 2 was
set to 1.2 mm. The PV value was set to 0.1 mm. The width p2
of'the recesses in the direction parallel to the rib 2 was set to
1.2 mm. Other conditions were the same as those of the first
example. The area ratio n of each triangular-pyramid-shaped
recess was M=(0,0).
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Twenty-Seventh Example

[0115] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of pentagonal-pyramid-shaped recesses. The width
p1 of the recesses in the direction perpendicular to the rib 2
was setto 1.2 mm. The PV value was setto 0.1 mm. The width
p2 of the recesses in the direction parallel to the rib 2 was set
to 1.2 mm. Other conditions were the same as those of the first
example. The area ratio m of each pentagonal-pyramid-
shaped recess was 11=(0,0).

Twenty-Eighth Example

[0116] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of circular-cone-shaped recesses. The width p1 of the
recesses in the direction perpendicular to the rib 2 was set to
1.2 mm. The PV value was set to 0.1 mm. The width p2 ofthe
recesses in the direction parallel to the rib 2 was setto 1.2 mm.
Other conditions were the same as those of the first example.
The area ratio m of each circular-cone-shaped recess was
M=(0.0).

[0117] The results of the first and twenty-sixth to twenty-
eighth examples and the first comparative example are shown
in Table 7.

TABLE 7
Shape of
Projections/ Evaluation
Recesses Deviation Result
1st Example Quadrangular -13.1 O
Pyramid
(Recesses)
26th Example Triangular -14 O
Pyramid
(Recesses)
27th Example Pentagonal -14.3 O
Pyramid
(Recesses)
28th Example Circular Cone -13.5 O
(Recesses)
st Flat -27.4
Comparative
Example
Twenty-Ninth Example
[0118] In this example, a document cover was formed

under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of triangular columnar recesses. The width p1 of the
recesses in the direction perpendicular to the rib 2 was set to
1.2 mm. The PV value was set to 0.1 mm. The width p2 ofthe
recesses in the direction parallel to the rib 2 was setto 1.2 mm.
The recesses in the repeated pattern were arranged next to
each other along lines that are parallel to each other, and the
adjacent lines were shifted from each other by 0.6 mm. Other
conditions were the same as those of the first example. The
area ratio 1| of each triangular columnar recess was 1=(1,0).
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Thirtieth Example

[0119] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of quadrangular columnar recesses. The width p1 of
the recesses in the direction perpendicular to the rib 2 was set
to 1.2 mm. The PV value was set to 0.1 mm. The width p2 of
the recesses in the direction parallel to the rib 2 was setto 1.2
mm. The recesses in the repeated pattern were arranged next
to each other along lines that are parallel to each other, and the
adjacent lines were shifted from each other by 0.6 mm. Other
conditions were the same as those of the first example. The
area ratio 1) of each quadrangular columnar recess was n=(1,
0.5).

Thirty-First Example

[0120] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of pentagonal columnar recesses. The width p1 ofthe
recesses in the direction perpendicular to the rib 2 was set to
1.2 mm. The PV value was set to 0.1 mm. The width p2 ofthe
recesses in the direction parallel to the rib 2 was setto 1.2 mm.
The recesses in the repeated pattern were arranged next to
each other along lines that are parallel to each other, and the
adjacent lines were shifted from each other by 0.6 mm. Other
conditions were the same as those of the first example. The
area ratio m of each pentagonal columnar recess was n=(1,0.
5).

Thirty-Second Example

[0121] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of circular columnar recesses. The width pl of the
recesses in the direction perpendicular to the rib 2 was set to
1.2 mm. The PV value was set to 0.1 mm. The width p2 ofthe
recesses in the direction parallel to the rib 2 was setto 1.2 mm.
The recesses in the repeated pattern were arranged next to
each other along lines that are parallel to each other, and the
adjacent lines were shifted from each other by 0.6 mm. Other
conditions were the same as those of the first example. The
area ratio 1) of each circular columnar recess was 1=(1,0.5).

Thirty-Third Example

[0122] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of semicircular columnar recesses. The width p1 of
the recesses in the direction perpendicular to the rib 2 was set
t0 0.2 mm. The PV value was set to 0.1 mm. The width p2 of
the recesses in the direction parallel to the rib 2 was set to 0.2
mm. The recesses in the repeated pattern were arranged next
to each other along lines that are adjacent and parallel to each
other, and the adjacent lines were shifted from each other by
0.1 mm. Other conditions were the same as those of the first
example. The area ratio m of each semicircular columnar
recess was N=(1,0.57).

[0123] The results of the twenty-ninth to thirty-third
examples and the first comparative example are shown in
Table 8.
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TABLE 8

Shape of
Projections/
Recesses

Evaluation

Deviation Result

29th Example Triangular -15.5 O
Column

(Recesses)

Quadrangular -153 O
Column

(Recesses)

Pentagonal -14.9 O
Column

(Recesses)

Circular -15.1 O
Column

(Recesses)

Semicircular -16.6 O
Column

(Recesses)

1st Flat -27.4 X
Comparative

Example

30th Example

31st Example

32nd Example

33rd Example

Thirty-Fourth Example

[0124] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of spherical-crown-shaped recesses. The width p1 of
the recesses in the direction perpendicular to the rib 2 was set
to 1.2 mm. The PV value was set to 0.1 mm. The width p2 of
the recesses in the direction parallel to the rib 2 was setto 1.2
mm. Other conditions were the same as those of the first
example. The area ratio n of each spherical-crown-shaped
recess was 1=(0.3,0.3).

Thirty-Fifth Example

[0125] In this example, a document cover was formed
under the following conditions. That is, the pattern units of
the repeated pattern of projections and/or recesses were
formed of hemispherical recesses. The width pl of the
recesses in the direction perpendicular to the rib 2 was set to
0.2 mm. The PV value was set to 0.1 mm. The width p2 ofthe
recesses in the direction parallel to the rib 2 was setto 0.2 mm.
Other conditions were the same as those of the first example.
The area ratio 1 of each hemispherical recess was n=(0.57,
0.57).

[0126] The results of the thirty-fourth and thirty-fifth
examples and the first comparative example are shown in
Table 9.

TABLE 9
Shape of
Projections/ Evaluation
Recesses Deviation Result
34th Example Spherical-Crown -15.5 O
(Recesses)
35th Example Semispherical -15.7 O
(Recesses)
1st Flat -27.4 X
Comparative
Example
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Thirty-Sixth Example

[0127] A document cover was formed under the same con-
ditions as the conditions of the first example except quadran-
gular-pyramid-shaped recesses having curved side surfaces
were formed in the non-exterior surface 22. The area ratio
of each quadrangular-pyramid-shaped recess having curved
side surfaces was N=(-0.5,-0.5).

Thirty-Seventh Example

[0128] A document cover was formed under the same con-
ditions as the conditions of the first example except quadran-
gular-pyramid-shaped recesses having side surfaces formed
of two types of curved surfaces were formed in the non-
exterior surface 22. The area ratio M of each quadrangular-
pyramid-shaped recess having side surfaces formed of two
types of curved surfaces was n=(-0.2,-0.2).

[0129] The results of the thirty-sixth and thirty-seventh
examples and the first comparative example are shown in
Table 10.

TABLE 10
Number of

Shape of Types of

Projections/ Curved Evaluation

Recesses Surfaces Deviation Result
36th Example Quadrangular 1 -18.2 O

Pyramid

with Curved

Sides
37th Example Quadrangular 2 -13.4 O

Pyramid

with Curved

Sides
1st Flat — -27.4 X
Comparative
Example

Thirty-Eighth Example

[0130] A document cover was formed under the same con-

ditions as the conditions of the first example except arepeated
pattern including quadrangular-pyramid-shaped projections
and quadrangular-pyramid-shaped recesses was formed in
the non-exterior surface 22 as the repeated pattern of projec-
tions and/or recesses. The area ratio 1) of each quadrangular-
pyramid-shaped projection and each quadrangular-pyramid-
shaped recess was 11=(0,0).

Thirty-Ninth Example

[0131] A document cover was formed under the same con-
ditions as the conditions of the first example except arepeated
pattern including quadrangular-pyramid-shaped projections,
quadrangular-pyramid-shaped recesses, and flat portions was
formed in the non-exterior surface 22 as the repeated pattern
of projections and/or recesses. The area ratio m of each qua-
drangular-pyramid-shaped projection and each quadrangu-
lar-pyramid-shaped recess was 1=(0,0).
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Fortieth Example
[0132] A document cover was formed under the same con-

ditions as the conditions of the first example except a repeated
pattern including quadrangular-pyramid-shaped projections
and flat portions was formed in the non-exterior surface 22 as
the repeated pattern of projections and/or recesses. The area
ratio 1 of each quadrangular-pyramid-shaped projection was

n=(0.0).
Forty-First Example

[0133] A document cover was formed under the same con-
ditions as the conditions of the first example except a repeated
pattern including quadrangular-pyramid-shaped recesses and
flat portions was formed in the non-exterior surface 22 as the
repeated pattern of projections and/or recesses. The area ratio
1 of each quadrangular-pyramid-shaped recess was n=(0,0).
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directions perpendicular to the rib 2 and parallel to the rib 2,
respectively, were both 0.6 mm. The area ratio 1 was 1=(0,0)
for each of the two types of recesses.

Forty-Third Example

[0136] A document cover was formed under the same con-
ditions as the conditions of the first example except two types
of quadrangular-pyramid-shaped recesses were formed in the
non-exterior surface 22. One type was quadrangular-pyra-
mid-shaped recesses with a PV value of 0.1 mm. The other
type was quadrangular-pyramid-shaped recesses with a PV
value of 0.05 mm. The area ratio ) was 11=(0,0) for each of the
two types of recesses.

[0137] The results of the forty-second and forty-third
examples and the first comparative example are shown in
Table 12.

TABLE 12
Recesses 1 Recesses 2 Evaluation
pl/p2 PV Value pl/p2 PV Value Deviation Result
42nd Example 1.2 mm/1.2 mm 0.1 mm 0.6 mm/0.6 mm 0.1 mm -15.6 O
43rd Example 1.2 mm/1.2 mm 0.1 mm 1.2mm/1.2mm  0.05 mm -13.9 O
1st Comparative — — — -27.4 X
Example
[0134] The results of the thirty-eighth to forty-first Forty-Fourth Example
examples and the first comparative example are shown in [0138] A document cover was formed under the same con-

Table 11.

TABLE 11
Evaluation
Combination Deviation Result
38th Example Projections + -17.6 O
Recesses
39th Example Projections + -17.4 O
Recesses +
Flat Portions
40th Example Projections + -17.5
Flat Portions
41st Example Recesses + -17.2 O
Flat Portions
1st Flat -27.4 X
Comparative
Example
Forty-Second Example
[0135] A document cover was formed under the same con-

ditions as the conditions of the first example except two types
of quadrangular-pyramid-shaped recesses were formed in the
non-exterior surface 22. One type was quadrangular-pyra-
mid-shaped recesses whose widths p1 and p2 in the directions
perpendicular to the rib 2 and parallel to the rib 2, respec-
tively, were both 1.2 mm. The other type was quadrangular-
pyramid-shaped recesses whose widths pl and p2 in the

ditions as the conditions of the first example except projec-
tions on a texture face were formed as the repeated pattern of
projections and/or recesses on the non-exterior surface 22, the
depth of the texture pattern was set to 0.1 mm, and the maxi-
mum width M of the texture pattern was set to 1.2 mm. The
area ratio m of each projection in the texture pattern was
Nn=(0.5,0.5).

Forty-Fitth Example

[0139] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the minimum distance between the texture pattern of the
texture face formed on the non-exterior surface 22 and the rib
2 was set to 3.6 mm. The area ratio 1 of the texture pattern of
the texture face was 1=(0.5,0.5).

Forty-Sixth Example

[0140] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the minimum distance between the texture pattern of the
texture face formed on the non-exterior surface 22 and the rib
2 was set to 4.0 mm. The area ratio 1 of the texture pattern of
the texture face was 1=(0.5,0.5).

Forty-Seventh Example

[0141] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the minimum and maximum distances between the texture
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pattern of the texture face formed on the non-exterior surface
22 and the rib 2 were set to 3.6 mm and 20 mm, respectively,
and areas separated from the rib 2 by 20 mm or more were
formed as flat surfaces without forming the texture face. The
area ratio M of the texture pattern of the texture face was
Nn=(0.5,0.5).

Forty-Fighth Example

[0142] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the minimum distance between the texture pattern of the
texture face formed on the non-exterior surface 22 and the rib
2 was set to 0 mm, and areas that are separated from the rib 2
by 20 mm or more were formed as flat surfaces without
forming the texture face. The area ratio m of the texture pattern
of the texture face was =(0.5,0.5).

[0143] The results of the forty-fourth to forty-eighth
examples and the first comparative example are shown in
Table 13.
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face formed on the non-exterior surface 22 was set to 0.8 mm.
The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).

Fifty-Second Example

[0147] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 1.6 mm.
The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).

Fifty-Third Example

[0148] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture

TABLE 13

Shape of Projection

Projections/ Start Projection End Evaluation

Recesses Position Position Deviation Result
44th Example Projections on 0 mm End of Resin -18 O

Texture Face Molded Article
45th Example Projections on 3.6 mm End of Resin -18.6 O

Texture Face Molded Article
46th Example Projections on 4.0 mm End of Resin -24.8 A

Texture Face Molded Article
47th Example Projections on 3.6 mm 20 mm -18.3 O

Texture Face
48th Example Projections on 0 mm 20 mm -17.8 O

Texture Face
1st Flat — — -27.4 X
Comparative
Example

Forty-Ninth Example face formed on the non-exterior surface 22 was set to 2.0 mm.
The area ratio n of the texture pattern of the texture face was

[0144] A document cover was formed under the same con- n=(0.5,0.5).

ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 0.1 mm.
The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).

Fiftieth Example

[0145] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 0.4 mm.
The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).

Fifty-First Example

[0146] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture

Fifty-Fourth Example
[0149] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 3.0 mm.
The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).
Fifty-Fifth Example

[0150] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 4.0 mm.

The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).

Fifty-Sixth Example
[0151] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 5.0 mm.

The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).
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Fifty-Seventh Example

[0152] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 7.0 mm.
The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).

Fifty-Eighth Example

[0153] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 8.0 mm.
The area ratio n of the texture pattern of the texture face was
Nn=(0.5,0.5).

Fifty-Ninth Example

[0154] A document cover was formed under the same con-
ditions as the conditions of the forty-fourth example except
the maximum width M of the texture pattern of the texture
face formed on the non-exterior surface 22 was set to 0.09
mm. The area ratio 1 of the texture pattern of the texture face
was nN=(0.5,0.5).

[0155] The results of the forty-fourth and forty-ninth to
fifty ninth examples and the first comparative example are
shown in Table 14.

TABLE 14

Shape of
Projections/ Maximum Evaluation
Recesses Width M Deviation Result

44th Example Projections on 1.2 mm -18 O
Texture Face

49th Example Projections on 0.1 mm -23.9 O
Texture Face

50th Example Projections on 0.4 mm -19.1 O
Texture Face

51st Example Projections on 0.8 mm -18.8 O
Texture Face

52nd Example Projections on 1.6 mm -18.2 O
Texture Face

53rd Example Projections on 2.0 mm -18.9 O
Texture Face

54th Example Projections on 3.0 mm -19.3 O
Texture Face

55th Example Projections on 4.0 mm -20.6 O
Texture Face

56th Example Projections on 5.0 mm -23.3 O
Texture Face

57th Example Projections on 7.0 mm -23.5 O
Texture Face

58th Example Projections on 8.0 mm -24.9 A
Texture Face

59th Example Projections on 0.09 mm -24.9 A
Texture Face

1st Flat — -274 X

Comparative

Example

Sixtieth Example
[0156] A document cover was formed under the same con-

ditions as the conditions of the first example except the thick-
ness of the document cover was set to 2.0 mm, the thickness
of'the rib 2 (rib thickness) was set to 1.0 mm, and the widths
p1 and p2 of'the quadrangular-pyramid-shaped recesses in the
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non-exterior surface 22 in the directions perpendicular to the
rib 2 and parallel to the rib 2, respectively, were both setto 1.2
mm. The area ratio 1 of each quadrangular-pyramid-shaped
recess was M=(0,0).

Sixty-First Example

[0157] A document cover was formed under the same con-
ditions as the conditions of the sixtieth example except the
widths pl and p2 of the quadrangular-pyramid-shaped
recesses in the non-exterior surface 22 in the directions per-
pendicular to the rib 2 and parallel to the rib 2, respectively,
were both set to 0.4 mm. The area ratio m of each quadran-
gular-pyramid-shaped recess was 1=(0,0).

Sixty-Second Example

[0158] A document cover was formed under the same con-
ditions as the conditions of the sixtieth example except the
widths pl and p2 of the quadrangular-pyramid-shaped
recesses in the non-exterior surface 22 in the directions per-
pendicular to the rib 2 and parallel to the rib 2, respectively,
were both set to 0.6 mm. The area ratio 1 of each quadran-
gular-pyramid-shaped recess was 1=(0,0).

Sixty-Third Example

[0159] A document cover was formed under the same con-
ditions as the conditions of the sixtieth example except the
widths pl and p2 of the quadrangular-pyramid-shaped
recesses in the non-exterior surface 22 in the directions per-
pendicular to the rib 2 and parallel to the rib 2, respectively,
were both set to 0.8 mm. The area ratio m of each quadran-
gular-pyramid-shaped recess was 1=(0,0).

Sixty-Fourth Example

[0160] A document cover was formed under the same con-
ditions as the conditions of the sixtieth example except the
widths pl and p2 of the quadrangular-pyramid-shaped
recesses in the non-exterior surface 22 in the directions per-
pendicular to the rib 2 and parallel to the rib 2, respectively,
were both set to 1.0 mm. The area ratio m of each quadran-
gular-pyramid-shaped recess was 1=(0,0).

Sixty-Fifth Example

[0161] A document cover was formed under the same con-
ditions as the conditions of the sixtieth example except the
widths pl and p2 of the quadrangular-pyramid-shaped
recesses in the non-exterior surface 22 in the directions per-
pendicular to the rib 2 and parallel to the rib 2, respectively,
were both set to 1.6 mm. The area ratio 1 of each quadran-
gular-pyramid-shaped recess was 1=(0,0).

Sixty-Sixth Example

[0162] A document cover was formed under the same con-
ditions as the conditions of the sixtieth example except the
widths pl and p2 of the quadrangular-pyramid-shaped
recesses in the non-exterior surface 22 in the directions per-
pendicular to the rib 2 and parallel to the rib 2, respectively,
were both set to 2.0 mm. The area ratio 1 of each quadran-
gular-pyramid-shaped recess was 1=(0,0).

[0163] The results of the first, seventeenth to twenty-fifth,
and sixtieth to sixty-sixth examples and the first comparative
example are shown in Table 15.
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TABLE 15

Shape of Thickness/Rib Width pl Width p2  Maximum Evaluation
Projections/Recesses Thickness (perpendicular) (parallel) WidthM  Deviation Result

1st Example Quadrangular Pyramid 2.3 mm/1.2 mm 1.2 mm 1.2 mm 1.69 mm -13.1 O
(Recesses)

17th Example Quadrangular Pyramid 2.3 mm/1.2 mm 0.4 mm 0.4mm  0.56 mm -14.1
(Recesses)

18th Example Quadrangular Pyramid 2.3 mm/1.2 mm 0.8 mm 0.8 mm 1.13 mm -13.6 O
(Recesses)

19th Example Quadrangular Pyramid 2.3 mm/1.2 mm 1.6 mm 1.6mm  2.26 mm -18.8 O
(Recesses)

20th Example Quadrangular Pyramid 2.3 mm/1.2 mm 2.0 mm 20mm  2.80 mm -20.8 O
(Recesses)

21st Example Quadrangular Pyramid 2.3 mm/1.2 mm 3.0 mm 3.0mm 424 mm -20.8 O
(Recesses)

22nd Example Quadrangular Pyramid 2.3 mm/1.2 mm 4.0 mm 4.0mm  5.65 mm -21.2 O
(Recesses)

23rd Example Quadrangular Pyramid 2.3 mm/1.2 mm 5.0 mm 50mm  7.07 mm -23.6 O
(Recesses)

24th Example Quadrangular Pyramid 2.3 mm/1.2 mm 6.0 mm 6.0 mm 8.4 mm -24.8 A
(Recesses)

25th Example Quadrangular Pyramid 2.3 mm/1.2 mm 0.07 mm 0.07mm  0.09 mm -24.9 A
(Recesses)

60th Example Quadrangular Pyramid 2.0 mm/1.0 mm 1.2 mm 1.2 mm 1.69 mm -14.8 O
(Recesses)

61st Example Quadrangular Pyramid 2.0 mm/1.0 mm 0.4 mm 0.4mm  0.56 mm -14.7 O
(Recesses)

62nd Example Quadrangular Pyramid 2.0 mm/1.0 mm 0.6 mm 0.6mm  0.834 mm -7.95 O
(Recesses)

63rd Example Quadrangular Pyramid 2.0 mm/1.0 mm 0.8 mm 0.8 mm 1.13 mm -13.6 O
(Recesses)

64th Example Quadrangular Pyramid 2.0 mm/1.0 mm 1.0 mm 1.0 mm 1.41 mm -11.9 O
(Recesses)

65th Example Quadrangular Pyramid 2.0 mm/1.0 mm 1.6 mm 1.6mm  2.26 mm -15 O
(Recesses)

66th Example Quadrangular Pyramid 2.0 mm/1.0 mm 2.0 mm 20mm  2.80 mm -15.6 O
(Recesses)

1st Comparative  Flat 2.3 mm/1.2 mm — — — -27.4 X

Example

Sixty-Seventh Example

[0164] A document cover was formed under the same con-
ditions as the conditions of the first example except the
recesses had the shape illustrated in FIG. 18E and the area
ratio M of each recess was n=(0.1,0.1).

[0165] The results of the first and sixty-seventh examples
and the first comparative example are shown in Table 16.
TABLE 16
Shape of
Projections/ Evaluation
Recesses Area Ratiom Deviation Result
1st Example Quadrangular (0,0) -13.1 O
Pyramid
(Recesses)
67th Example Quadrangular 0.1,0.1) -14.1 O
Pyramid
(Recesses)
1st Flat — -253 X
Comparative
Example
[0166] As described above, the formation of non-uniform

portions can be suppressed by forming the repeated pattern of
projections and/or recesses.

[0167] The present invention may be applied to various
types of resin molded articles that are required to have high-
function surfaces without color differences. For example, the

present invention may be applied to a document cover of a
document reading device, a document cover of a multifunc-
tion printer including a document reading device, or a resin
molded article required to have a dark colored design surface
for use in a resin housing of various types of devices.

[0168] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0169] This application claims the benefit of Japanese
Patent Application No. 2010-279880 filed Dec. 15, 2010 and
No. 2011-240453 filed Nov. 1, 2011, which are hereby incor-
porated by reference herein in their entirety.

What is claimed is:

1. A resin molded article comprising:

an exterior surface;

a non-exterior surface; and

a projecting or recessed portion provided on at least one of
the exterior surface and the non-exterior surface,

wherein a thickness between the exterior surface and the
non-exterior surface is less than or equal to 3 mm, and

wherein the non-exterior surface includes at least a
repeated pattern of projections and/or recesses other
than the projecting or recessed portion, a PV value ofthe
projections and/or recesses being in the range of 0.01
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mm or more and 1 mm or less, and a width of the
projections and/or recesses being smaller than a width of
the resin molded article.

2. The resin molded article according to claim 1, wherein
when a projection plane is an arbitrary plane including a
perpendicular line dropped to the non-exterior surface from a
peak point of each of the projections and/or recesses on the
resin molded article, A is an area of a projection of a contour
of'each of the projections and/or recesses when the contour is
projected onto the projection plane, and B is an area of a
triangular reference projection formed by connecting three
points, which are the peak point and two end points of each of
the projections and/or recesses, an area ratio 1) is defined as
N=(A-B)/B, and is in the range of —-1<n=1.

3. The resin molded article according to claim 1, wherein
the projecting or recessed portion includes at least one of arib,
a polygonal column, a circular column, and a sphere.

4. The resin molded article according to claim 1, wherein
the repeated pattern of the projections and/or recesses is
arranged such that a minimum distance from the projecting or
recessed portion to the projections and/or recesses is three
times a width of the projecting or recessed portion or less.

5. The resin molded article according to claim 4, wherein
the projections and/or recesses are disposed adjacent to the
projecting or recessed portion.

6. The resin molded article according to claim 1, wherein a
maximum width of the projections and/or recesses on the
non-exterior surface is in the range of 0.1 mm or more and 7.0
mm or less.

7. The resin molded article according to claim 1, wherein
the projections and/or recesses have a polygonal pyramid
shape, a circular cone shape, a polygonal columnar shape, a
circular columnar shape, a spherical-crown shape, a hemi-
spherical shape, or a cone shape with a curved side surface.

8. The resin molded article according to claim 7, wherein
the projections and/or recesses have the cone shape with the
curved side surface, and the curved side surface is formed of
a singe type of curved surface or two or more types of curved
surfaces.

9. The resin molded article according to claim 7, wherein
the projections and/or recesses in the repeated pattern are
arranged along lines that are arranged adjacent and parallel to
each other, and the adjacent lines are shifted from each other
by a predetermined distance that is less than a maximum
width of the projections and/or recesses on the non-exterior
surface.

10. The resin molded article according to claim 7, wherein
the repeated pattern of projections and/or recesses includes a
combination of at least two of the projections, recesses, and
flat portions.

11. The resin molded article according to claim 7, wherein
the repeated pattern includes a combination of two or more
types of projections and/or recesses selected from the projec-
tions and/or recesses having the polygonal pyramid shape, the
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circular cone shape, the polygonal columnar shape, the cir-
cular columnar shape, the spherical-crown shape, the hemi-
spherical shape, and the cone shape with the curved side
surface.

12. A resin molded article comprising:

an exterior surface;

a non-exterior surface; and

a projecting or recessed portion provided on at least one of

the exterior surface and the non-exterior surface,
wherein a thickness between the exterior surface and the
non-exterior surface is less than or equal to 3 mm, and
wherein the non-exterior surface includes a texture face
other than the projecting or recessed portion, the texture
face having a PV value in the range of 0.01 mm or more
and 1 mm or less.

13. The resin molded article according to claim 12, wherein
the texture face on the resin molded article has a texture
pattern including projections and/or recesses, the texture pat-
tern being formed by a mold in which projections and/or
recesses are formed by etching or sand blasting.

14. The resin molded article according to claim 13, wherein
when a projection plane is an arbitrary plane including a
perpendicular line dropped to the non-exterior surface from a
peak point of each of the projections and/or recesses on the
resin molded article having the texture face, A is an area of a
projection of a contour of each of the projections and/or
recesses when the contour is projected onto the projection
plane, and B is an area of a triangular reference projection
formed by connecting three points, which are the peak point
and two end points of each of the projections and/or recesses,
an area ratio 1 is defined as n=(A-B)/B, and is in the range of
-1<n=1.

15. The resin molded article according to claim 12, wherein
a minimum distance from the projecting or recessed portion
to the projections and/or recesses in the texture pattern of the
texture face is three times a width of the projecting or recessed
portion or less.

16. The resin molded article according to claim 12, wherein
a maximum width of the projections and/or recesses in the
texture pattern on the non-exterior surface is in the range of
0.1 mm or more and 7.0 mm or less.

17. The resin molded article according to claim 1, wherein
the width of the projections and/or recesses is less than or
equal to a width of the projecting or recessed portion on the
exterior surface.

18. A method for manufacturing the resin molded article
according to claim 1 by using a mold, the method comprising:

forming grooves in the mold by moving a V-shaped end

mill, the grooves being used to form the projections
and/or recesses.

19. A printer comprising:

a document cover, which is the resin molded article accord-

ing to claim 1.



