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(57) ABSTRACT 

A light Shielding blade material for use in an optical appa 
ratus is constructed by a Substrate composed of a plastic film 
having a pair of Surfaces opposed to each other. A shield 
coating capable of blocking an incident light is formed on 
each Surface of the Substrate. A reinforcement member is 
disposed on each Shield coating. The reinforcement member 
is composed of a thermosetting resin prepreg Sheet rein 
forced with fibers arranged in an alignment direction, and 
hardened to laminate with the substrate through the shield 
coating. A lubricant coating having a black appearance and 
a lubricity Sufficient to Suppress a Surface friction is formed 
on each reinforcement member Such that an upper layer of 
the lubricant coating and a lower layer of the Shield coating 
are Separated from each other by an intermediate layer of the 
reinforcement member. 

6 Claims, 5 Drawing Sheets 
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LIGHT SHIELDING BLADE MATERIAL FOR 
OPTICAL APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a light Shielding blade 
material for use in an optical apparatus that requires a blade 
having a good light Shielding property, a light weight and a 
high rigidity for use as a shutter blade in a focal plane shutter 
or a lens Shutter, or for use as a diaphragm blade of a camera. 

2. Description of the Related Art 
Ablade Such as a shutter blade and a diaphragm blade for 

use in an optical apparatuS Such as a camera must be light in 
weight and must be high in rigidity, because the blade runs 
and Stops in an extremely short time at a fast Speed. Also, the 
blade must intrinsically have a good light Shielding property, 
because the blade covers photosensitive materials Such as a 
photographic film at the front Side thereof to block an 
incident light from impinging onto the photoSensitive mate 
rials. Besides, the blade must have a good lubricity for a 
Smooth operation, because a plurality of blades are generally 
arranged to overlap with each other and to operate in the 
overlapping State. Further, the blade must have a low Surface 
reflectivity and a good planarity to prevent the incident light 
from leaking through a clearance between the blades. The 
planarity is also important for preventing a breakage due to 
a collision between the blades during operation. 

Disclosures of prior art references will be described 
briefly. Japanese Examined (Granted) Utility Model Publi 
cation No. 53-12192 discloses a technique to obtain a 
practical light Shielding property by laminating a metal film 
on a Shutter film of an optical apparatus by means of vapor 
deposition or Sputtering in case that the light Shielding 
property of the shutter film is insufficient. Japanese Patent 
Laid-Open Publication (Tokkai) No.49-84232 discloses that 
a thin thermosetting resin sheet reinforced with carbon fibers 
is applied to the Shutter blade and that a black pigment Such 
as a carbon black is added to the matrix resin to obtain the 
practical light Shielding property. Japanese Patent Laid 
Open Publication No. 51-14969 discloses a laminate struc 
ture of carbon fiber reinforced composite resin Sheets having 
less warping. Japanese Patent Laid-Open Publication No. 
53-101080 discloses a carbon fiber reinforced composite 
resin laminate, which is light in weight and which has a high 
Strength, a high elasticity, a high impact resistance and a 
Vibration damping property, and Suggests that the carbon 
fiber reinforced composite resin laminate has Suitable prop 
erties as a light Shielding blade for use in an optical 
apparatus Such as a camera that repeats a high Speed 
operation of run and Stop. Japanese Patent Laid-Open Pub 
lication No. 59-61827 discloses a composite member used 
for the light shielding blade comprising a core layer with 
tiny cavities and Surface layers. At least, one of the core and 
the Surface layerS is reinforced with continuous carbon 
fibers. Further, the Publication teaches that a black die and 
a carbon particulate are added to a carbon fiber reinforced 
plastic (CFRP) matrix resin in case that the light shielding 
property is insufficient. Japanese Patent Laid-Open Publica 
tion No. 64-85749 discloses a blade material comprising a 
biaxially stretching plastic film Substrate having different 
thermal contraction factors between a primary Stretching 
direction and a Secondary Stretching direction, and a carbon 
fiber reinforced resin sheet is applied to both surfaces of the 
Substrate. According to the Publication, the lamination Struc 
ture is constituted So that a direction with a great thermal 
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2 
contraction factor (i.e., the primary stretching direction) of 
the Substrate is Substantially orthogonal to an alignment 
direction of the carbon fibers contained in the carbon fiber 
reinforced resin. Japanese Patent Laid-Open Publication No. 
57-60315 discloses a shatter blade used in a camera and 
made of a plurality of crystal polymer compound film layers 
Such as polyester film layers and at least one metal layer 
interposed therebetween as a light Shielding means. The 
Publication teaches that one or more of coating films 
containing, for example, a black paint may be interposed 
between the plastic films as a light shielding means. Also, 
the Publication discloses that a black pigment or a black die 
may be added to at least one of the plastic films. Japanese 
Patent Laid-Open Publication No.57-118226 discloses a 
plastic blade used for an optical apparatus and made by 
coating a biaxially Stretching polyester film with a thermo 
Setting mat paint and by adhering an anti-electrostatic agent. 
The biaxially stretching polyester film has a thickness of 
approximately 100 um or less, and has an optical density of 
approximately 10 when the film thickneSS has approximately 
70 um. Japanese Patent Laid-Open Publication No. 
9-274218 discloses that a light shielding film is made by 
using a film mainly containing a thermosetting resin as a 
Substrate film, and by applying a thermosetting resin layer 
containing a carbon black, a lubricant and a delustering 
agent to both Surfaces of the film. AS the Substrate film, a 
biaxially stretching polyethylene terephthalate (PET) film 
containing a carbon black is used to obtain the good light 
Shielding property. 

In general, the light Shielding blade for the optical appa 
ratus requires a good light Shielding property, a light weight, 
a high rigidity, and other properties Such as mechanical 
properties, thermal properties, chemical properties and 
physical properties, planarity, workability (i.e., 
Serviceability), and a long lifetime (i.e., corrosion 
resistance). Upon application of a plastic film material or a 
carbon fiber reinforced composite resin material to the light 
Shielding blade for the optical apparatus, the most important 
property is practically the light Shielding property. A light 
Shielding plastic blade containing a black pigment Such as 
carbon black with a good light Shielding property has been 
practically used. For example, the carbon black is added to 
a PET film to provide a black PET film material having a 
film thickness of 50 to 125 um with the excellent light 
Shielding property and no pinholes, and having an optical 
density of 8 or more. Further, a light shielding blade for an 
optical apparatus in which a black lubricant coating is 
formed on the black PET film material is practically used, as 
disclosed, for example, in Japanese Patent Laid-Open Pub 
lication No. 9-274218 as described above. However, Such a 
black PET film obtained by adding a high concentration of 
the carbon black to adjust the optical density of 8 or more is 
extremely Special and expensive. A film material having the 
optical density of 8 or leSS available in a relative low price 
cannot be used as a blade for a purpose of Shielding an 
incident light. In this case, it is required to form a metal film 
by vapor deposition, Sputtering or wet plating and further to 
form a black lubricant coating on the metal film, as is 
disclosed in Japanese Examined (granted) Utility Model 
Publication No. 53-12192 described above. Traditionally, a 
paint coating cannot shield the light completely, and a metal 
film should be used to obtain the perfect shield of the light. 
Upon applying a plastic film material to a light Shielding 

blade for an optical apparatus, the planarity is another 
important feature as well as the light Shielding property 
described above. One significant problem is a low yield 
caused by a poor planarity in applying a carbon fiber 
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composite resin laminate (CFRP) to the light shielding blade 
for the optical apparatus. In addition, the CFRP has an 
insufficient light Shielding property due to kink of the fibers. 
To improve the light Shielding property, the carbon black 
may be kneaded into the matrix resin. However, a prepreg 
sheet in which the carbon black is kneaded in a Specially 
high grade and a laminate obtained from Such a prepreg 
sheet are quite expensive. 

SUMMARY OF THE INVENTION 

To solve the above-mentioned conventional problems, the 
following measures are taken. Namely, a plastic light shield 
ing blade material for an optical apparatus according to the 
present invention comprises a plastic film Substrate, light 
Shield coatings disposed on both Surfaces of the plastic film 
Substrate, and black lubricant coatings disposed on the light 
Shield coatings through respective reinforcement members. 
Namely, the reinforcement members are interposed between 
the light Shield coatings and the black lubricant coatings to 
obtain a laminate Structure. The reinforcement members are 
composed of thermosetting resin prepreg Sheets laminated 
and hardened during fabrication of the light Shielding blade 
material. The reinforcement member is reinforced with 
continuous fibers drawn in an alignment direction. By Such 
a manner, an upper layer of the lubricant coating and a lower 
layer of the Shield coating are separated from each other by 
an intermediate layer of the reinforcement member. 
Preferably, the drawn continuous fibers contained in the 
reinforcement member disposed on the Substrate are aligned 
in parallel to those contained in the other reinforcement 
member. The Substrate comprises a biaxially Stretching 
plastic film. The primary stretching direction can be set 
freely relative to the alignment direction of the continuous 
fibers. Preferably, the light Shield coating is composed of a 
paint resin containing carbon black, and the reinforcement 
member is composed of a thermosetting resin containing no 
carbon black. Preferably, the reinforcement member is rein 
forced with carbon fibers. Otherwise, the reinforcement 
member may be reinforced with polyparaphenylene benzo 
bisoxazole fibers. Preferably, the Substrate comprises a 
transparent plastic film having an optical density of Zero or 
a non-transparent plastic film kneaded with carbon black and 
having an optical density of 8 or less. AS the Substrate, a 
polyethylene terephthalate film, a polyethylene naphthalate 
film or an aramid film is used. Preferably, the light shield 
coating contains 20 to 45% by weight of carbon black. A 
Sum of the optical density of one light Shield coating and the 
optical density of the Substrate is 6 or more. A total optical 
density of the inventive laminate Structure including both of 
the light Shield coatings is 12 or more. In case that the 
Substrate has a less adhesion to the light shield coatings, the 
Substrate may be treated to improve adhesiveneSS Such as a 
primer treatment, a plasma treatment, a chemical conversion 
treatment and a blast treatment. 

According to the present invention, the biaxially Stretch 
ing plastic film having a thickness of, for example, 12 to 125 
tum is used as the Substrate of the light Shielding blade 
material for the optical apparatus. To assure the light shield 
ing property required for the optical apparatus, the resin 
coating i.e., the light shield coating, is comprised of epoxy, 
diallylphthalate, acrylic, urethane, Vinyl chloride or vinyl 
acetate, containing 20 to 45% by weight of carbon black as 
a dried film. The light shield coating is formed on both 
Surfaces of the biaxially stretching plastic film in a thickneSS 
of 2 to 8 um by dipping or coating using a roll coater. A total 
thickness of the resin coatings is in the order of 4 to 16 um. 
The Substrate, the light Shield coatings and the lubricant 
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4 
coatings constitute the laminate having a total optical den 
sity in the order of 12 or more. Even after peeling one side 
of the light Shield coatings and one side of the lubricant 
coatings, the total optical density maintains 6 or more. The 
plastic light Shielding blade material for the optical appara 
tus that Satisfies both the light weight and the optical 
Shielding property can be thus obtained. The light Shield 
coatings are located under the black lubricant coatings. 
Accordingly, a loSS of the light Shielding property is never 
created due to abrasion during a shutter operation. Normally, 
the plastic film Substrate does not satisfy a required Strength 
Singly, hence carbon fiber composite thin sheets are, for 
example, used as the reinforcement members. The interme 
diate reinforcement member is interposed between the upper 
lubricant coating and the lower Shield coating to allocate 
different functions to these separate layers. Namely, the 
Shield coating performs the optical blocking function while 
physically protected by the reinforcement member, and the 
lubricant coating performs the lubricating function to reduce 
a Surface friction during a shutter operation. There is no need 
to knead carbon black into a matrix resin of a prepreg Sheet 
of the carbon fiber composite reinforcement member. With 
the light Shield coatings described above alone, the complete 
light Shielding property can be obtained. Thus, the light 
shield coatings formed on both surfaces of the film Substrate 
can ensure the light Shielding property required for the 
optical apparatuS Such as a camera. Consequently, there is no 
need to add carbon black and the like to the Substrate to 
achieve the required light Shielding property. Furthermore, 
there is no need to use a metal film to ensure the light 
Shielding property, thereby realizing a reduction of weight. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a Schematic perspective view of a light 
Shielding blade material of a basic type; 

FIG. 1B is a schematic perspective view of a light 
Shielding blade material according to the present invention; 

FIG. 2A is a graph showing mechanical properties of the 
light Shielding blade material; 

FIG. 2B is a graph showing mechanical properties of the 
light Shielding blade material; 

FIG. 3 is a table diagram comparing the light Shielding 
blade material of the present invention with a conventional 
light Shielding blade material; 

FIG. 4 is a perspective view of a focal plane shutter blade 
composed of the light Shielding blade material according to 
the present invention; 

FIG. 5 is a schematic top view of a shutter assembled with 
the focal plane shutter blade shown in FIG. 4; and 

FIG. 6 is a top view of a lens shutter blade made of the 
light Shielding blade material according to the present inven 
tion. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to the drawings, embodiments of the present 
invention will be described in detail. FIG. 1A is a schematic 
perspective View showing a basic embodiment of the plastic 
light shielding blade material for the optical apparatus. AS 
shown in FIG. 1A, the light shielding blade material 0 
comprises a plastic film Substrate 1, a pair of light Shield 
coatings 2 formed on both Surfaces of the plastic film 
Substrate 1 and a pair of black lubricant coatings 3 formed 
on both of the light Shield coatings 2. In this laminate 
Structure, the black lubricant coatings 3 are directly lami 
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nated onto the light Shield coatings 2. AS the Substrate, a 
transparent plastic film 1 having an optical density of 0 is 
used. Alternatively, a non-transparent film 1 having an 
optical density of 8 or less and being kneaded with carbon 
black may be used. In case of the optical density is 8 or less, 
commercially available general plastic films can be adopted 
in low costs. Examples of materials of the plastic film 1 
include a polyethylene terephthalate film, a polyethylene 
naphthalate film and an aramid film. The light Shield coat 
ings 2 typically contain 20 to 45% by weight of carbon 
black. A Sum of the optical density of one light Shield coating 
and the optical density of the Substrate is in the order of 6 or 
more. A total optical density including both of the light 
Shield coatings is in the order of 12 or more. The optical 
density of 12 or more allows the blade material for the 
optical apparatus to achieve the practically Sufficient light 
Shielding property. 

FIG. 1B is a Schematic Sectional view showing a practical 
embodiment of the plastic light shielding blade material for 
the optical apparatus according to the present invention. The 
Same reference numbers are attached to the same portions 
shown in FIG. 1B for easy understanding of FIG. 1B. In this 
embodiment, a pair of reinforcement members 4 are inter 
posed respectively between the light Shield coatings 2 
formed on opposite Surfaces of the Substrate 1 and the black 
lubricant coatings 3 in a laminate Structure. The reinforce 
ment member 4 is made of a prepreg Sheet comprising a 
thermosetting resin that is reinforced with continuous fibers 
drawn in an alignment direction. The prepreg Sheet is 
laminated and hardened on the Substrate 1. In both of the 
reinforcement members 4 Sandwiching the Substrate 1 
therebetween, the alignment directions of the continuous 
fibers are parallel to each other. The Substrate comprises a 
biaxially stretching plastic film 1, which is stretched in 
primary and Secondary directions orthogonal to each other. 
The primary Stretching direction can be freely Set relative to 
the alignment direction of the continuous fibers. For 
example, the primary Stretching direction of the plastic film 
1 may be set orthogonal or parallel to the alignment direction 
of the continuous fibers. In this embodiment, the light shield 
coatings 2 are composed of a paint resin containing carbon 
black, and the reinforcement members 4 are composed of a 
thermosetting resin containing no carbon black. In this 
embodiment, the reinforcement members 4 are reinforced 
with carbon fibers. Alternatively, the reinforcement mem 
bers 4 reinforced with polyparaphenylene benzobisoxazole 
fibers may be used. 

FIGS. 2A and 2B are graphs showing mechanical prop 
erties of various light Shielding blade materials reinforced 
with reinforcement members. In the graphs, Solid round dots 
represent a polyethylene terephthalate (PET) film having a 
thickness of 25 to 50 um and sandwiched with a pair of 
carbon fiber reinforced plastic sheets (CFRP) having elastic 
modulus of 24 t and a carbon fiber amount of 19 g/m . The 
alignment direction of the carbon fiberS is defined as an 
angle of 0 degree, and an Orthogonal direction to the 
alignment direction is defined as an angle of 90 degree. Void 
round dots represent a PET film blade material having a 
thickness of 25 to 50 um and sandwiched with a pair of 
carbon fiber reinforced plastic sheets (CFRP) having elastic 
modulus of 30 t and a carbon fiber amount of 19 g/m’. Void 
Square dots represent an aluminum alloy blade material, and 
void triangle dots represent a PET film blade material alone. 
In FIG. 2A, the horizontal axis represents a thickness and the 
Vertical axis represents a bending moment in the 0 degree 
direction. In the 0 degree direction, by reinforcing the PET 
film with the carbon fibers, the Substantially same level of 
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6 
mechanical Strength as the aluminum alloy blade material 
can be obtained. FIG. 2B is a graph showing a bending 
moment in the 90 degree direction for respective Samples. In 
the 90 degree direction, there is no special reinforcing effect 
caused by the carbon fibers. 

FIG. 3 is a table diagram comparing the light Shielding 
blade materials of the present invention with conventional 
light Shielding blade materials. In upper rows, plastic blade 
materials using no reinforcement member are shown, and in 
lower rows, plastic blade materials reinforced with carbon 
fibers are shown. In left columns, the conventional Samples 
are shown, and in right columns, the inventive Samples are 
shown. Each blade material may comprise a biaxially 
Stretching plastic film A, a continuous carbon fiber rein 
forced resin film B, a light Shield coating C and a lubricant 
coating D. A Suffix numeral 1 indicates that a Sufficient light 
Shielding property is ensured, and a Suffix numeral 2 indi 
cates that a leSS or poor light Shielding property is obtained. 
For example, A1 represents a biaxially stretching plastic film 
having a Sufficient light Shielding property, and A2 repre 
Sents a biaxially stretching plastic film having an insufficient 
light Shielding property. A conventional blade material (1) 
comprises a biaxially stretching plastic film Substrate A1 
having a Sufficient light Shielding property, and lubricant 
coatings D2 formed on both surfaces of the substrate. Such 
a plastic film A1 is provided in a special grade and expen 
Sive. Another conventional blade material (2) comprises a 
biaxially stretching plastic film Substrate A2 having a leSS 
light Shielding property, and lubricant coatings D1 having a 
Sufficient light Shielding property formed on both Surfaces of 
the Substrate. In the construction of the conventional blade 
material (2), the lubricant coatings D1 may be easily peeled 
off by Scratching and a pinhole may be produced therein. On 
the other hand, a blade material (3) according to one 
embodiment of the invention comprises the Substrate A2, the 
lubricant coatings D2 and the light Shield coatings C1 
having a Sufficient light Shielding property disposed between 
the Substrate A2 and each of the lubricant coatings D2. 
Specifically, the light Shield coatings C1 have the good light 
Shielding property themselves. In other words, the light 
Shield coatings C1 are interposed between the Substrate A2 
and the lubricant coatings D2 for exclusively shielding the 
light, thereby keeping a light weight and allowing the 
Sufficient light Shielding property. AS the Substrate, an inex 
pensive plastic film having no special light Shielding prop 
erty can be used. 
A conventional blade material (4) comprises the Substrate 

A2, the lubricant coatings D2, and the continuous carbon 
fiber reinforced resin layers B1 interposed between the 
substrate A2 and each of the lubricant coatings D2. In the 
conventional blade material (4), the light shielding property 
can be obtained by adding a great amount of carbon black in 
the continuous carbon fiber reinforced resin layers B1. Such 
a carbon fiber reinforced resin is provided in a special grade 
and is extremely expensive. Another conventional blade 
material (5) has the same structure, but uses the lubricant 
coatings D1 having the Sufficient Shielding property. Like 
wise the conventional blade material (2), the lubricant 
coatings D1 may have a pinhole and may be easily peeled 
off, resulting in a poor light Shielding property. In contrast, 
a blade material (6) according to the practical embodiment 
of the invention comprises the Substrate A2, the continuous 
carbon fiber reinforced resin films B2, the light shield 
coatings C1 interposed between the Substrate A2 and the 
resin films B2, and the lubricant coatings D2. The use of the 
light Shield coatings C1 assures the good light Shielding 
property of the blade material. AS to the continuous carbon 
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fiber reinforced resin layerS B2, it is not required to use a 
Special grade expensive resin containing a great amount of 
carbon black. 

Examples of light Shielding plastic blade materials for an 
optical apparatus according to the present invention and 
Comparative Examples will be described below in detail. 
First of all, methods for measuring various parameters used 
for evaluation of Examples and Comparative Examples will 
be described. The optical density is measured using a 
spectrophotometer SS-25 manufactured by Nippon Spectral 
Co., Ltd. A measuring limit is up to the optical density of 12 
(transmittance of 10'). In the measurement of the optical 
density, in case that the Substrate is a black film or a carbon 
fiber reinforced prepreg, a Specific care is taken when a total 
optical density of the laminate including the Substrate film, 
the carbon fiber reinforced films, the light Shield coatings 
and the black lubricant coatings is 12 or more. Namely, a 
first Step is taken that a first optical density of the Substrate 
film or the carbon fiber reinforced film is determined. Then, 
a Second Step is taken that a Second optical density of a 
transparent film substrate instead of the black film Substrate 
or the carbon fiber reinforced film and the coatings formed 
thereon is determined. Finally, a third Step is taken that the 
first optical density and the Second optical density are added 
to give the total optical density. In case that the Substrate is 
a transparent film, when a total optical density of the 
Substrate film, light Shield coatings and black lubricant 
coatings is 12 or more, an optical density at one side of the 
Substrate is measured, and the measured value is doubled to 
give the total optical density. 
A film exposure test (light leak test to a photographic film) 

is conducted as follows: Sample light Shielding materials are 
incorporated into a shutter blade of a single-lens reflex 
camera. Then, light having an illumination intensity of 
100,000 lux from a halogen lamp light source is irradiated 
to the shutter blade for 5 seconds, 10 seconds, 30 seconds, 
1 minute, 3 minutes, 5 minutes, 10 minutes, 15 minutes, 30 
minutes and 60 minutes under the condition that lens of the 
camera is taken out to determine whether or not the photo 
graphic film is Sensitized. If the photographic film having 
ISO sensitivity of 800 is not sensitized for 30 minutes or 
more, it is recognized that the blade material can be prac 
tically adopted. 

EXAMPLE 1. 

A blade material having exposed black lubricant mat 
coatings and having a total thickness of 45 um was obtained 
by forming Shield coatings containing 33% by weight of 
carbon black each having a thickness of 5 um (total 10 um) 
on both surfaces of a transparent PET film Substrate (optical 
density of 0) having a thickness of 25 um, and by forming 
black lubricant matcoatings each having a thickness of 5 um 
(total 10 um) on both surfaces of the shield coatings. The 
resultant blade material had an optical density of 13.0 (6.5 
after one side of the coatings was peeled) and had no 
pinholes. As a result of the photographic film exposure test, 
no harmful Sensitizing occurred. The light Shielding material 
was die-cut into a blade shape and was incorporated into a 
digital camera as a diaphragm blade to evaluate optical 
properties. Flare phenomenon that might be conventionally 
produced at ends of the blade at a shutter Speed of /10000 
Seconds was not observed, and excellent diaphragm blade 
properties were obtained. After 10000 times of operation, no 
abnormalities Such as peeling of the coating were observed, 
thereby proving excellent diaphragm blade properties. 

EXAMPLE 2 

A blade material having exposed black lubricant mat 
coatings and having a total thickness of 70 um was obtained 
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by forming Shield coatings containing 33% by weight of 
carbon black each having a thickness of 5 um (total 10 um) 
on both surfaces of a transparent PET film Substrate (optical 
density of 0) having a thickness of 50 um, and by forming 
black lubricant matcoatings each having a thickness of 5 um 
(total 10 um) on both surfaces of the shield coatings. The 
resultant blade material had an optical density of 13.0 (6.5 
after one side of the coatings was peeled), and had no 
pinholes. As a result of the photographic film exposure test, 
no harmful Sensitizing was observed. The blade material was 
die-cut into a blade shape and was incorporated into a 
camera as a lens shutter blade to evaluate Shutter properties. 
The Shutter properties were the same level as the existing 
Shutter. The coatings of the blade material were inspected 
after 50,000 times of durability test. As a result, a decrease 
in light shielding property caused by chipping the coatings 
was not observed. 

EXAMPLE 3 

A blade material having eXposed black lubricant mat 
coatings and having a total thickness of 70 um was obtained 
by forming Shield coatings containing 33% by weight of 
carbon black each having a thickness of 5 um (total 10 um) 
on both surfaces of a black PET film substrate (optical 
density of 2) having a thickness of 50 um, and by forming 
black lubricant matcoatings each having a thickness of 5 um 
(total 10 um) on both surfaces of the shield coatings. The 
resultant blade material had an optical density of 15.0 (8.5 
after one side of the coatings was peeled) and had no 
pinholes. As a result of the photographic film exposure test, 
no harmful Sensitizing occurred. In addition, one side of the 
coatings was intentionally Scratched in the depth of the 
Substrate. As a result of the photographic film exposure test, 
no harmful Sensitizing occurred even after Scratching. The 
blade material was die-cut into a blade shape and was 
incorporated into a camera as a lens shutter blade to evaluate 
Shutter properties. The shutter properties were the same level 
as the existing Shutter. The coatings of the blade material 
were inspected after 50,000 times of the durability test. As 
a result, a decrease in the light Shielding property caused by 
chipping of the coatings or else was not observed. 

EXAMPLE 4 

A blade material having eXposed black lubricant mat 
coatings and having a total thickness of 93 um was obtained 
by forming Shield coatings containing 33% by weight of 
carbon black each having a thickness of 4 um (total 8 um) 
on both surfaces of a black PET film substrate (optical 
density of 3) having a thickness of 75 um, and by forming 
black lubricant matcoatings each having a thickness of 5 um 
(total 10 um) on both surfaces of the shield coatings. The 
resultant blade material had an optical density of 14.0 (8.5 
after one side of the coatings was peeled) and had no 
pinholes. As a result of the photographic film exposure test, 
no harmful Sensitizing occurred. In addition, one side of the 
coatings was intentionally Scratched to a depth of the 
Substrate. As a result of the photographic film exposure test, 
no harmful Sensitizing occurred even after the Scratching of 
the one Side. The material was die-cut into a blade shape and 
was incorporated into a focal plane Shutter to evaluate 
Shutter properties. The shutter properties were the same level 
as the existing Shutter. The coatings of the blade material 
were inspected after 50,000 times of the durability test. As 
a result, a decrease in light Shielding property caused by 
chipping of the coatings or else was not observed. 

EXAMPLE 5 

An excellent light Shielding blade material having an 
exposed black lubricant mat coating, with a total thickness 
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of 145 um and a total optical density of 12 or more DJ was 
obtained by forming Shield coatings containing 45% by 
weight of carbon black each having a thickness of 5 um 
(total 10 um) on both surfaces of a black PET film substrate 
(optical density of 5) having a thickness of 125 um, and by 
forming black lubricant mat coatings each having a thick 
ness of 5 um (total 10 um) on both surfaces of the shield 
coatings. The blade material was die-cut into a blade shape 
and was incorporated into a focal plane Shutter of a camera 
to evaluate Shutter properties. The Shutter properties were 
the Same level as the existing Shutter. The coatings of the 
blade material were inspected after 50,000 times of the 
durability test. As a result, a decrease in light Shielding 
property caused by chipping of the coatings was not 
observed. 

EXAMPLE 6 

A blade material having exposed black lubricant mat 
coatings and having a total thickness of 70 um was obtained 
by forming Shield coatings containing 33% by weight of 
carbon black each having a thickness of 5 um (total 10 um) 
on both Surfaces of a transparent polyethylene naphthalate 
(PEN) film substrate (optical density of 0) having a thick 
neSS of 50 lum, and by forming black lubricant mat coatings 
each having a thickness of 5 um (total 10 um) on both 
Surfaces of the shield coatings. The resultant blade material 
had an optical density of 13.0 (6.5 after one side of the 
coatings was peeled) and had no pinholes. As a result of the 
photographic film exposure test, no harmful Sensitizing 
occurred. The material was die-cut into a blade shape and 
was incorporated into a focal plane Shutter to evaluate 
Shutter properties. The Shutter properties were the same level 
as the existing shutter. 

EXAMPLE 7 

An excellent light Shielding blade material having an 
exposed black lubricant matcoating with a total thickness of 
45um and a total optical density of 12 or more was obtained 
by forming Shield coatings containing 45% by weight of 
carbon black each having a thickness of 5 um (total 10 um) 
on both Surfaces of an aramid film Substrate (optical density 
of 0) having a thickness of 25 um, and by forming the black 
lubricant mat coatings each having a thickness of 5 um (total 
10 um) on both surfaces of the shield coatings. The blade 
material was die-cut into a blade shape and was incorporated 
into a lens shutter. After 10,000 times of the shutter 
operation, no abnormalities were observed. An example of 
the aramid film includes a para-type aromatic polyamide. 
The para-type aromatic polyamide may be poly(p-phenylene 
terephthalic amide) having a p-(para) bond, which is one of 
aromatic polyamides obtained by a condensation polymer 
ization reaction of terephthalic chloride and p-phenylene 
diamine. Conventionally, the poly(p-phenylene terephthalic 
amide) has been obtained as underwater yarns by dissolving 
poly(p-phenylene terephthalic amide) in a Sulfuric acid 
Solution. Thus, poly(p-phenylene terephthalic amide) has 
been obtained only as the yarns. Recent technical develop 
ments realize forming of a uniform film. For example, Such 
a film is commercially available under the trade name of 
Microtron from Toray Co., Ltd. 

EXAMPLE 8 

An excellent light Shielding blade material having an 
exposed black lubricant matcoating with a total thickness of 
70 um and a total optical density of 12 or more was obtained 
by forming Shield coatings containing 45% by weight of 
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10 
carbon black each having a thickness of 5un (total 10 um) on 
both surfaces of a black PET film Substrate (optical density 
of 3) having a thickness of 75 um, and by forming black 
lubricant matcoatings each having a thickness of 5 um (total 
10 um) on both Surfaces of the shield coatings. 

EXAMPLE 9 

Alaminate having a thickness of 80 um was obtained by 
forming Shield coatings containing 33% by weight of carbon 
black each having a thickness of 5 um (total 10 um) on both 
surfaces of a black PET film substrate (optical density of 1) 
having a thickness of 25 lum. Then, prepregs not colored by 
carbon black and each containing continuous carbon fibers 
at an amount of 19 g/m and a matrix resin at an amount of 
19 g/m are disposed on both of the shield coatings while 
arranging the alignment direction of the carbon fiberS Sub 
Stantially identical to the primary Stretching direction of the 
PET film. The prepregs are laminated to the substrate 
through each shield coating by hot pressing. Lubricant black 
mat coatings each having a thickness of 5 um (total 10 um) 
were formed on both Surfaces of the resultant laminate to 
obtain a blade material having a total thickness of 90 lum. 
The resultant blade material had an optical density of 12 or 
more (11 after the light shield coatings were formed) and 
had no pinholes. AS a result of the photographic film 
exposure test, no harmful Sensitizing occurred. Stiffness of 
the obtained mold sheet was measured. The bending 
moment in the fiber alignment direction of the mold was 22 
g-cm (width of 38 mm), and the bending moment in the 
direction orthogonal to the fiber alignment direction was 2.3 
g-cm (width of 38 mm). Flatness of a blade obtained by 
die-cutting the resultant blade material was within 0.2 mm 
and was very excellent. The blade was incorporated into a 
focal plain Shutter to evaluate Shutter properties. A shutter 
speed of /12,000 seconds was achieved. After 100,000 times 
of the durability test, no abnormalities Such as delamination 
and crack were observed. According to the present 
invention, the light Shielding blade material uses a biaxially 
Stretching plastic film as a Substrate having a thickness of 12 
to 150 um and an optical density of 8 or leSS. In case that the 
rigidity of the Substrate is insufficient, two prepregs rein 
forced with the continuous fibers are used as a high elastic 
portion of the blade material according to this Example. The 
prepreg Sheet has a thickness of 10 to 15 lum, a carbon fiber 
amount of 5 to 150 g/m, and tensile modulus of 23,000 to 
35,000 kg/mm . The primary stretching direction of the 
biaxially Stretching plastic film may be parallel or orthogo 
nal to the alignment direction of the continuous carbon 
fibers. To Secure the light Shielding property, carbon black is 
not added to the high elastic member (the reinforcement 
member), and the light shield coatings are formed on both 
surface of the substrate to obtain the optical density of 4 to 
12 at each Side. Further, lubricant coatings having an anti 
Scratching property, a low luster property, a lubricant prop 
erty and an anti-electrostatic property are formed on both 
Surfaces of the high elastic members in a thickness of 1 to 
8 um. The plastic light Shielding blade material having a 
total thickness of 40 to 150 um and having the good flatness, 
the good light Shielding property and the good high rigidity 
can be thus obtained. 

EXAMPLE 10 

The alignment direction of the carbon fibers was orthogo 
nal to the primary Stretching direction of the Substrate in this 
example. Various properties of the laminate were the same 
as Example 9. Flatness of a blade obtained by die-cutting the 
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laminate into a blade shape was 0.2 mm or less. In View of 
the above, it is confirmed that the flatness of the blade is 
excellent when the primary Stretching direction of the Sub 
Strate film is either parallel or orthogonal to the alignment 
direction of the carbon fibers. 

Another laminate was obtained as Example 9 such that the 
Substrate was made of Crashin paper having a thickness of 
25 tum. Flatness of a blade obtained by die-cutting the 
laminate into a blade shape was 0.2 mm or less. It is 
confirmed that the flatness of the blade is excellent when the 
Substrate having no extreme anisotropy as the resin film 
reinforced with the carbon fibers is used. 

In the above-described Examples, the reinforcement 
member was reinforced with the carbon fibers. Alternatively, 
the reinforcement member may be reinforced with polypar 
aphenylene benzobisoxazole (PBO) fibers. The PBO fibers 
are made by Spinning liquid crystal having a good rigidity 
and a molecular structure with extreme linearity. The PBO 
fibers have two or more times of the Strength and elastic 
modulus compared with the para-type aramid fibers, and 
also have the optimum heat resistance and flame resistance 
among existing organic fibers. The PBO fibers are commer 
cially available under the trade name of ZYLON from 
Toyobo Co., Ltd. 

Comparative Example 1 
Ablade material was obtained by forming black lubricant 

mat coatings containing 9% by weight of carbon black each 
having a thickness of 5 um (total 10 um) on both Surfaces of 
a black PET film Substrate (optical density of 12) having a 
thickness of 75 lum. The resultant blade material had an 
optical density of 15.0 (13.5 after one side of the coatings 
was peeled off). As a result of the photographic film expo 
Sure test, no harmful Sensitizing occurred. The blade mate 
rial has been conventionally used, but requires an expensive 
Special black grade film to ensure the light Shielding prop 
erty. 

Comparative Example 2 
Ablade material was obtained by forming black lubricant 

mat coating containing 20% by weight of carbon black each 
having a thickness of 9 um (total 18 um) on both Surfaces of 
a black PET film substrate (optical density of 8) having a 
thickness of 50 lum. The resultant blade material had an 
optical density of 17.0 (12.5 after one side of the coatings 
was peeled). As a result of the photographic film exposure 
test, no harmful Sensitizing occurred. The blade material has 
been conventionally used especially for a high Speed Shutter, 
but requires an expensive special black grade film to ensure 
the practical light Shielding property. 

Comparative Example 3 
Ablade material was obtained by forming black lubricant 

matcoatings by dipping. The lubricant coating contains 33% 
by weight of carbon black and has a dried thickness of 10 um 
(total 20 um) on each surface of a black PET film substrate 
(optical density of 3) having a thickness of 75 um. The 
resultant blade material had an optical density of 12 or more. 
AS a result of the light leak test, light was leaked through a 
pinhole. Accordingly, the blade material cannot be adopted 
for practical use. Furthermore, a larger amount of carbon 
black, a delustering agent and a lubricant were contained in 
the dried coatings. Undesirably, the coatings became brittle 
and were less adhered to the Substrate. 

Comparative Example 4 
A laminate Substrate having three layers in a total thick 

neSS of 80 um was made by forming resin layers reinforced 
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12 
with 65% by weight of long fibers containing 6% by weight 
of carbon black aligned in one direction on both Surfaces of 
a resin Substrate reinforced with 25% by weight of carbon 
short fibers having a length of 3 to 10 mm in one direction 
such that the direction of the long fibers is substantially 
orthogonal to the direction of the short fibers. A blade 
material was obtained by forming acrylic black lubricant 
mat coatings containing 9% by weight of carbon black each 
having a thickness of 5 um (total 10 um) on both Surfaces of 
the laminate Substrate. The resultant blade material had an 
optical density of 12 or more. As a result of the photographic 
film exposure test, no harmful Sensitizing occurred. The 
blade material has been used for a Shatter of Very high Speed, 
i.e., 1/8000 seconds or more, but requires the use of an 
expensive Special prepreg containing carbon black in the 
long fiber layers. 

FIG. 4 shows an example of a focal plane shutter blade 
obtained by punching the light Shielding blade material 
shown in FIG. 1B. The shutter blade 10 has a substantially 
elongated shape. At one end of the Shutter blade 10, a pair 
of holes for fixing are formed. 

FIG. 5 shows an example of a focal plane shutter in which 
the focal plane shutter blade shown in FIG. 4 is incorporated. 
At a center of a Shutter frame 11, a rectangle opening 12 is 
formed (as shown in a dashed line). When the focal plane 
shutter is closed, four front blades 10 are overlapped each 
other to shield the shutter opening 12. Under the front 
blades, rear blades (not shown) are disposed in an over 
lapped manner. Respective tip portions of the shutter blades 
are held with a blade presser 14 to inhibit un desirable 
movement. At a left end of the frame 11, a pair of arms 15, 
16 are disposed pivotally while keeping parallel each other. 
The other ends of respective front blades 10 are engaged in 
the pair of arms 15, 16. Also, the other ends of respective 
rear blades (not shown) are engaged In the pair of arms 15, 
16. The main arm 15 has a long hole 17. A groove 18 is 
disposed along a movement trace of the long hole 17 
accompanied by a movement of the main arm 15. A drive pin 
(not shown) penetrating the frame 11 via the long groove 18 
is engaged into the long hole 17. When a shutter release 
button (not shown) is pressed, the drive pin moves upward 
by a given force along the long groove 18 formed on the 
frame 11. Correspondingly, the main arm 15 engaged with 
the drive pin in the long hole 17 and the Sub arm 16 
interlocked with the main arm 15 pivot upward. In accor 
dance with the pivot movement, the front blades 10 run 
upward in the vertical direction to open the opening 12. 
Subsequently, the rear blades (not shown) run upward in the 
Vertical direction to Shield the opening 12. Thus, exposure 
operation is completed. 

FIG. 6 shows a lens shutter blade produced using the 
inventive light Shielding blade material. AS Shown, a pair of 
Shutter blades 51, 52 are disposed So as to Shield an opening 
53. Respective shutter blades are pinned pivotably around a 
flucrum apart from a center of the opening in a predeter 
mined distance. The pair of the shutter blades 51 and 52 are 
driven by a driving means (not shown) and run in opposite 
directions relative to each other to open/close the opening 
53. In FIG. 6, the opening 53 is closed completely. The 
shutter blade 51 pivots clockwise, and the other shutter blade 
52 pivots counterclockwise. Concave portions 55, 56 called 
tear drops are first Overlapped and Start to open at a center 
of the opening 53. If the running-of the shutter blades 51 and 
52 is stopped at that time, it gives a So-called Small dia 
phragm state. The tear drops 55 and 56 are designed to 
decrease errors occurring in the Small diaphragm State, even 
though there exists unevenneSS in rotating angles of the 
shutter blades. 
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AS described above, the light shielding blade material 
having the laminate Structure of the present invention is 
produced by forming light Shield coatings containing a high 
density of carbon black on both surfaces of a biaxially 
Stretching film Substrate, and by forming a lubricant black 
coatings on both Sides of the light Shield coatings. Further, 
a resin layer reinforced with carbon fiberS is interposed 
between the light Shield coating and the black lubricant 
coating, thereby realizing So-called a functional sharing 
Structure. The light Shield coating is disposed under the 
lubricant coating. Accordingly, the light shielding property 
is never damaged by abrasion caused by a shutter operation. 
Even if the resin layer reinforced with carbon fibers is used 
for the reinforcement member, there is no need to knead 
carbon black into a matrix resin of the prepreg of the 
reinforcement member, and a general purpose prepreg can 
therefore be used. There is no need to add carbon black to 
the film Substrate to Secure the light Shielding property, 
because the light Shielding property is assured exclusively 
by the light Shield coatings formed on the Surfaces of the 
substrate. Should the carbon fiber be added, it may be 
satisfactory to add a small amount thereof. The light shield 
coatings are made of resin coatings. Accordingly, there is 
less increase in weight compared with metal films Such as 
plating film, and the resin coating is inexpensive as com 
pared with a metal vapor deposition film. There is no 
limitation (especially no lower limitation) in a thickness of 
the blade material, and the blade material can be freely 
designed because the required light Shielding property is 
obtained by the light shield coatings. Furthermore, if the 
blade material is made of a plastic reinforced with carbon 
fibers, the Substrate and the reinforcement member do not 
need to have the light Shielding property. 
What is claimed is: 
1. A light Shielding blade material for use in an optical 

apparatus, comprising: 
a Substrate composed of a plastic film having a pair of 

Surfaces opposed to each other, Said Substrate having no 
reinforcing fibers, 

a shield coating being capable of blocking an incident 
light and being formed on each Surface of the Substrate, 
the Shield coating being composed of a paint resin 
containing a carbon black and having no reinforcing 
fibers; 

a reinforcement member disposed on each Shield coating, 
the reinforcement member being composed of a ther 
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mosetting resin prepreg Sheet reinforced with fibers 
arranged in an alignment direction, and hardened to 
laminate with the Substrate through the Shield coating, 
the thermosetting resin prepreg Sheet containing no 
carbon black, and 

a lubricant coating having a black appearance and a 
lubricity Sufficient to SuppreSS a Surface friction, the 
lubricant coating being formed on each reinforcement 
member Such that the lubricant coating and the shield 
coating are separated from each other by the reinforce 
ment member. 

2. The light Shielding blade material according to claim 1, 
wherein the reinforcement member contains fibers aligned in 
parallel to fibers contained in the other reinforcement 
member, and wherein the Substrate is composed of a plastic 
film being Stretched bidirectionally in primary and Second 
ary directions orthogonal to each other and being disposed 
relative to the reinforcement member Such that the primary 
direction of the plastic film can be freely set relative to the 
alignment direction of the fibers. 

3. The light Shielding blade material according to claim 1, 
wherein the reinforcement member is reinforced with poly 
paraphenylene benzobisoxazole fibers. 

4. The light Shielding blade material according to claim 1, 
wherein the reinforcement member is reinforced with poly 
paraphenylene benzobisoxazole fibers. 

5. The light Shielding blade material according to claim 1, 
wherein the Substrate comprises a plastic film Selected from 
one of the group consisting of a polyethylene terephthalate 
film, a polyethylene naphthalate film, and anaramid film, the 
plastic film being free of a carbon black and having an 
optical density of Zero, or the plastic film being kneaded 
with a carbon black and having an optical density of 8 or 
leSS. 

6. The light Shielding blade material according to claim 1, 
wherein each shield coating contains 20 to 40% by weight 
of a carbon black, Such that the Sum of an optical density of 
one shield coating and an optical density of the Substrate is 
6 or more, and a total optical density of a layer Structure is 
12 or more, including the substrate, both of the shield 
coatings, both of the reinforcement members and both of the 
lubricant coatings. 
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