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(54) RETRACTABLE BALLPOINT PEN

(67)  Provided is a thermochromic retractable ball-
point pen including a friction body at a rear end of a barrel
for easy thermochromicity only in a desired area. A re-
tractable ballpoint pen is characterized by that the pen
includes a friction body, at a rear end of the barrel, used
for friction of handwriting in the thermochromic ink, ena-
bling thermochromism of the handwriting in the thermo-
chromic ink with frictional heat produced at that time, and
having rubber-like elasticity, a maximum outer diameter
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of the rear end of the barrel is from 1.0 times to 1.5 times
a maximum outer diameter of the friction body, a maxi-
mum width in a circumferential direction of the operating
portion is less than the maximum outer diameter of the
friction body, and an angle of a tangent to both the friction
body and the operating portion from a writing surface is
60 degrees or more when the friction body is downward
and an axial line of the barrel is in a vertical state relative
to the writing surface.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a retractable
ballpoint pen including a retraction mechanism that al-
lows a front end of a ballpoint pen tip to be retracted from
a front end opening of a barrel.

BACKGROUND ART

[0002] Conventionally, retractable ballpoint pens are
wellknown thatinclude a retraction mechanism mounting
a ballpoint pen tip to rotatably hold a ball directly or via
atip holder at a front end of an ink storage cylinder, hous-
ing a ballpoint pen refill to directly store ink for a ballpoint
pen in the ink storage cylinder in a barrel by biasing to a
rear end of the barrel by a coil spring, and allowing a front
end of the ballpoint pen tip to be retracted from a front
end opening of the barrel.

[0003] In such retractable ballpoint pen, there are
many proposals for retractable writing instruments, such
as "thermochromic writing utensil" in Japanese Patent
Application Kokai Publication No. 2012-91470, that allow
handwriting in thermochromic ink to be thermochromic
by a friction body equipped at a rear end of a barrel.
[0004] In addition, in such retractable ballpoint pen tip,
there are many proposals for structures, such as "coating
application implement" in Japanese Patent Application
Kokai Publication No. Hei 07-204567, that include a coil
spring behind the ball and prevent ink leakage from a
front end of a tip and the like by pressing the ball against
an inner wall of the front end of the tip.

[0005] Further, there are many proposals for enlarge-
ment of clearance in the longitudinal direction of a ball
for the purpose of increasing ink consumption and the
like, such as "method for manufacturing a coating tool"
in Japanese Patent Application Kokai Publication No. Hei
06-15218.

PRIOR ART DOCUMENTS
Patent Documents
[0006]

Patent Document 1: Japanese Patent Application
Kokai Publication No. 2012-91470

Patent Document 2: Japanese Patent Application
Kokai Publication No. Hei 07-204567

Patent Document 3: Japanese Patent Application
Kokai Publication No. Hei 06-15218
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DISCLOSURE OF THE INVENTION
Problems to be solved by the Invention
<First Problem>

[0007] However, in conventional retractable writing in-
struments including a friction body at a rear end of a bar-
rel, such as Patent Document 1 mentioned above, the
angle of the tangent to both the friction body and an op-
erating body relative to the axis of the barrel, so that the
clip is prone to touch the writing surface while using the
friction body and there used to be a problem of having
limitation on the angle to use the friction body, which
makes it difficult to use the friction body.

[0008] The presentinvention has made in view of these
conventional techniques to provide a thermochromic re-
tractable ballpoint pen including a friction body at a rear
end of a barrel for easy thermochromism only in a desired
area.

<Second Problem>

[0009] However, in a case of using a coil spring, such
as Patent Document 2 mentioned above, for a retractable
ballpoint pen, a dent is sometimes made at a front end
of a tip due to an impact when dropping from a desk to
afloor. When such dent is made a front end of a tip, there
is a risk of ink leakage even by pressing the ball against
the inner wall at the front end of the tip by the coil spring.
As Patent Document 3 mentioned above, when the clear-
ance in the vertical direction of the ball is enlarged for
the purpose of increasing the amount of ink supply and
the like, the ink is prone to leak due to the dent. In par-
ticular, as the diameter of the ball becomes as small as
¢ 0.4 mm or less, the inner diameter and the outer diam-
eter of the caulking portion at the front end of the tip also
becomes smaller and the influence given to the caulking
portion by a dent of a same size also becomes greater.
[0010] Although it is considered to thicken the thick-
ness at the front end of the tip in view of such problem,
there used to be problems that, when the thickness at
the front end of the tip becomes thicker, a paper touching
phenomenon to touch the writing surface while writing is
prone to occur, which reduces the writing comfort.
[0011] As reviewing the phenomenon that a writing in-
strument drops from a desk, although the writing instru-
ment may sometimes slip from ahand holding itand drop,
the phenomenon is often because the writing instrument
placed horizontally on the desk is hit by a hand, an elbow,
a book, a notebook, or the like to drop.

[0012] The presentinvention has madeinview ofthese
conventional techniques to provide aretractable ballpoint
pen that has a front end of a tip at which a dent is not
easily made due to animpact when the writing instrument
placed horizontally on a desk drops by mistake and also
that is capable of obtaining stable ink flow.
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Means to solve the Problems
<First Embodiment of the Present Invention>

[0013] To solve the problems, a first embodiment of
the presentinvention is a retractable ballpoint peninclud-
ing a retraction mechanism to allow a front end of a ball-
point pen tip to be retracted from a front end opening of
abarrel by mounting the ballpoint pen tip to rotatably hold
a ball at a front end of an ink storage cylinder directly or
via a tip holder, by housing a ballpoint pen refill, directly
storing thermochromic ink in an ink storage cylinder, in
the barrel by biasing by a coil spring to a rear end of the
barrel, and by operating an operating portion of an oper-
ating body attached in outward projection from an outer
circumferential surface of the barrel, wherein the pen in-
cludes a friction body, at a rear end of the barrel, used
for friction of handwriting in the thermochromic ink, ena-
bling thermochromism of the handwriting in the thermo-
chromic ink with frictional heat produced at that time, and
having rubber-like elasticity, a maximum outer diameter
of the rear end of the barrel is from 1.0 times to 1.5 times
a maximum outer diameter of the friction body, a maxi-
mum width in a circumferential direction of the operating
portion is less than the maximum outer diameter of the
friction body, and an angle of a tangent to both the friction
body and the operating portion from a writing surface is
60 degrees or more when the friction body is downward
and an axial line of the barrel is in a vertical state relative
to the writing surface.

[0014] It should be noted that, in the first embodiment
of the present invention, "front" indicates a ballpoint pen
tip side in a longitudinal direction of the retractable writing
instrument and "rear" indicates a friction body side.
[0015] It is also characterized by that the maximum
outer diameter of the friction body is from 1.0 mm to 7.0
mm.

[0016] It is also characterized by that a distance in a
longitudinal direction from the rear end of the friction body
to the operating portion is twice or more a length in the
longitudinal direction of the friction body exposed to out-
side from the rear end of the barrel.

[0017] Itisfurthermore characterized by that a position
of a center of gravity in a state where the ballpoint pen
tip projects is located in or behind an intermediate portion
of an entire length of a writing instrument.

[0018] According to a first configuration of the first em-
bodiment of the present invention, a retractable ballpoint
pen is characterized by that the pen includes a friction
body, at a rear end of the barrel, used for friction of hand-
writing in the thermochromic ink, enabling thermo-
chromism of the handwriting in the thermochromic ink
with frictional heat produced at that time, and having rub-
ber-like elasticity, a maximum outer diameter of the rear
end ofthe barrelis from 1.0 times to 1.5 times a maximum
outer diameter of the friction body, a maximum width in
a circumferential direction of the operating portion is less
than the maximum outer diameter of the friction body,

10

15

20

25

30

35

40

45

50

55

and an angle of a tangent to both the friction body and
the operating portion from a writing surface is 60 degrees
or more when the friction body is downward and an axial
line of the barrel is in a vertical state relative to the writing
surface, thereby exhibiting effects of easy visibility of the
handwriting in the thermochromic ink and easy thermo-
chromism only in a desired area regardless of retracta-
bility of the ballpoint pen tip.

[0019] This is firstly because, since there is a risk that
the rear end of the barrel obstructs visibility of handwriting
while using the friction body when the maximum outer
diameter of the rear end of the barrel exceeds 1.5 times
the maximum outer diameter of the friction body and there
is a risk that the operating body is not easily operated
when the maximum outer diameter of the friction body is
greater than the maximum outer diameter of the rear end
of the barrel (less than 1.0 times), the maximum outer
diameter of the rear end of the barrel is designed to be
from 1.0 times to 1.5 times the maximum outer diameter
of the friction body to suppress obstruction to handwriting
by the rear end of the barrel while using the friction body
for enhancement of the visibility of the handwriting. In
addition, not only the rear end of the barrel, the maximum
outer diameter of 1/3 or more of the entire length of the
writing instrument, even more preferably 1/2 or more and
most preferably the entire writing instrument, from the
barrel rear end of the friction body is also set to be from
1.0 times to 1.5 times the maximum outer diameter of
the friction body, thereby being capable of further en-
hancing the visibility of handwriting.

[0020] Next, as long as the angle of the tangent to both
the friction body and the operating portion from the writing
surface is 45 degrees or more when the friction body is
downward and also the axial line of the barrel is in a
vertical state relative to the writing surface, it is possible
to use the friction body without worrying about the oper-
ating body itself when the writing instrument is gripped
and the angle of using the friction body (angle of the writ-
ing instrument), specifically contact of the operating por-
tion with the writing surface while a user uses it. However,
for thermochromism only in a desired area, it is preferred
thatthe tangentto both the friction body and the operating
portion is designed to be 60 degrees or more, preferably
70 degrees or more when the friction body is downward
and also the axial line of the barrel is in a vertical state
relative to the writing surface for further enhancement of
the visibility of the handwriting while using the friction
body. Although it may also be considered to set the tan-
gent to be 90 degrees or more when the friction body and
the operating body are in a vertical state relative to the
axial line of the barrel, it is preferred to be 80 degrees or
less in view of the operability of the operating body. In
addition, when using a ball having a ball diameter of less
than ¢ 0.5 mm, the handwriting tends to be smaller and
thus the effects of the present invention are significant.

[0021] According to a second configuration of the first
embodiment of the presentinvention, the maximum outer
diameter of the friction body is from 1.0 mm to 7.0 mm,
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thereby exhibiting effects of easy visibility of the hand-
writing in the thermochromic ink and easy thermo-
chromism only in a desired area. Many of general note-
books are provided with horizontal ruled lines at 7 mm
pitch, and those having 8 mm and 10 mm pitches are
also often commercially available. Therefore, the maxi-
mum outer diameter of the friction body is 7.0 mm or less,
preferably 6.0 mm or less, thereby being capable of en-
hancing the visibility of the handwriting written between
ruled lines while using the friction body, so that it is pre-
ferred that the maximum outer diameter of the friction
body is 7.0 mm or less. In addition, since there is a risk
of damaging the friction body while using the friction body
when the maximum outer diameter of the friction body is
less than 1.0 mm, it is preferred that the maximum outer
diameter of the friction body 1.0 mm or more.

[0022] Accordingto athird configuration of the first em-
bodiment of the present invention, a distance in a longi-
tudinal direction from the rear end of the friction body to
the operating portion is twice or more a length in the lon-
gitudinal direction of the friction body exposed to outside
from the rear end of the barrel, thereby exhibiting effects
of easy visibility of handwriting in thermochromic ink with-
out reducing the visibility of handwriting by the operating
portion. Since the operating portion is not easily operated
when the distance in alongitudinal direction from the rear
end of the friction body to the operating portion, it is pre-
ferred to be three times or less the length in the longitu-
dinal direction of the friction body exposed to outside from
the rear end of the barrel.

[0023] According to a fourth configuration of the first
embodiment of the present invention, by locating a posi-
tion of a center of gravity in a state where the ballpoint
pen tip projects in or behind an intermediate portion of
an entire length of a writing instrument, it is possible to
make it difficult to drop to the floor from the front end of
the tip even when the writing instrument placed horizon-
tally on a desk drops by mistake and thus it is possible
to suppress damaging at the front end of the tip. In par-
ticular, even a dent is in the same size, an inner diameter
of caulking tends to be smaller as the ball is as small as
¢ 0.5mm orless and thus the influence of the dent relative
to the inner diameter becomes greater, so that the effects
of the present configuration are significant. In addition,
the friction body equipped at the rear end of the barrel
has rubber-like elasticity, thereby exhibiting effects of al-
leviating an impact when dropping down to the floor from
the friction body, so that it is preferred to be located be-
hind the intermediate portion. In the present invention,
the intermediate portion is not limited to the position in
at the same distance from both ends of the entire length
of the writing instrument.

[0024] The friction body used for the first embodiment
of the present invention may include a member having
rubber-like elasticity, such as rubber and an elastomer
having rubber-like elasticity, for example, silicone rubber,
fluorine-based rubber, chloroprene rubber, nitrile rubber,
polyester-based rubber, ethylene propylene diene rub-
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ber (EPDM), a styrene-based elastomer, an ester-based
elastomer, and an olefin-based elastomer, and they may
be used by selecting appropriately. The friction body may
be formed integrally with the rear end of the barrel and
may also mount another member by fitting and the like.
It is preferred that Shore A hardness is not less than 40
and not more than 100.

[0025] The thermochromic ink using for the first em-
bodiment of the presentinvention is preferably reversible
thermochromic ink. The reversible thermochromic ink
may be configured by using various types, singly or in
combination, such as a heating achromatic type to be
achromatic by heating from a color developing state, a
chromatic memory retention type to perform memory re-
tention of a color developing state and an achromatic
state interchangeably in a specific temperature range,
and a heating color development type to develop color
by heating from an achromatic state and to recover an
achromatic state from a color developing state by cooling.
[0026] For a colorant to be contained in the reversible
thermochromic ink, reversible thermochromic microcap-
sule pigment is used preferably that involves, in micro-
capsules, a reversible thermochromic composition at
least including conventionally known essential three
components of (a) an electron donor coloration organic
compound, (b) an electron accepting compound, and (c)
areactive medium that determines a generation temper-
ature of color reaction of both compounds.

<Second Embodiment of the Present Invention>

[0027] To solve the problems, a second embodiment
of the present invention is a retractable ballpoint pen in-
cluding a retraction mechanism to allow a front end of a
ballpoint pen tip to be retracted from a front end opening
of a barrel by mounting the ballpoint pen tip to rotatably
hold a ball with ¢ 0.4 mm or less at a front end of an ink
storage cylinder directly or via a tip holder by a caulking
portion at a front end of the tip, by housing a ballpoint
pen refill, directly storing thermochromic inkin an ink stor-
age cylinder, in the barrel by biasing by a coil spring to
a rear end of the barrel, and by operating an operating
portion of an operating body equipped at the barrel,
wherein the pen includes a friction body, at a rear end of
the barrel, used for friction of handwriting in the thermo-
chromic ink, enabling thermochromism of the handwrit-
ing in the thermochromic ink with frictional heat produced
atthattime, and having rubber-like elasticity, a coil spring
to press the ball by a pressing force greater than a gross
weight of the retractable ballpoint pen against an inner
wall at the front end of the tip is disposed behind the ball,
clearance in a vertical direction of the ball is from 30 to
40 pm, an outer diameter of the caulking portion is
from1.0 times to 1.2 times a ball diameter, and a position
of a center of gravity in a state where the ballpoint pen
tip projects is located in or behind an intermediate portion
of an entire length of a writing instrument.

[0028] It should be noted that, in the second embodi-
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ment of the present invention, "front" indicates a ballpoint
pen tip side in a longitudinal direction of the retractable
writing instrument and "rear" indicates a friction body
side. In addition, the intermediate portion of the entire
length of the writing instrument is not limited to a position
at the same distance from both ends of the entire length
of the writing instrument but includes the vicinity.
[0029] In addition, it is characterized by that the gross
weight of the retractable ballpoint penis 10 g or less.
[0030] In addition, it is characterized by that the oper-
ating portion of the operating body is attached in outward
projection from the outer circumferential surface of the
barrel, a maximum width in a circumferential direction of
the operating portion is less than a maximum width in a
circumferential direction of the friction body, and a press-
ing force of the coil spring to bias the ballpoint pen refill
to the rear end of the barrel is from 100 to 200 g.
[0031] According to a first configuration of the second
embodiment of the present invention, a retractable ball-
point pen using a ball with ¢ 0.4 mm or less includes a
friction body, at a rear end of the barrel, used for friction
of handwriting in the thermochromic ink, enabling ther-
mochromism of the handwriting in the thermochromic ink
with frictional heat produced at that time, and having rub-
ber-like elasticity, a coil spring to press the ball by a press-
ing force greater than a gross weight of the retractable
ballpoint pen against an inner wall at the front end of the
tip is disposed behind the ball, clearance in a vertical
direction of the ball is from 30 to 40 wm, an outer diameter
of the caulking portion is from1.0 times to 1.2 times a ball
diameter, and a position of a center of gravity in a state
where the ballpoint pen tip projects is located in or behind
an intermediate portion of an entire length of a writing
instrument, thereby effectively alleviating drop impact.
[0032] This is because, by locating the position of the
center of gravity in a state where the ballpoint pen tip
projects in or behind an intermediate portion of the entire
length of the writing instrument, it is possible to make it
difficult to drop to the floor from the front end of the tip
even when the writing instrument placed horizontally on
a desk drops by mistake. Further, since the friction body
attached to the rear end of the barrel has rubber-like elas-
ticity, itis possible to alleviate the impact even when drop-
ping down to the floor from the friction body, so that it is
preferred to be located behind the intermediate portion.
[0033] When the clearance in the vertical direction of
a ball is from 30 to 50 um as described above using the
ball having a diameter as small as ¢ 0.4 mm or less, the
ball is prone to move by receiving the impact when re-
tracting the front end of the tip and while using the friction
body and thus there is a risk of swallowing air. Therefore,
in the present invention, in addition to the configuration
above, it is also an important configuration to suppress
easy movement of the ball by pressing the ball against
the inner wall of the front end of the tip by a pressing
force greater than the gross weight of the retractable ball-
point pen and to prevent paper touching and ball fallout
by making the outer diameter of the caulking portion to
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be from 1.0 times to 1.2 times, preferably from 1.05 times
to 1.1 times, the ball diameter. The ball retaining force is
prone to decrease when the outer diameter of the caulk-
ing portion is less than 1.0 times the ball diameter and
the paper touching phenomenon is prone to occur when
more than 1.2 times because it becomes difficult to obtain
the desired clearance.

[0034] In addition, even using a ball having a diameter
as small as ¢ 0.4 mm or less, in a case of thermochromic
ink, handwriting is prone to be light and the writing comfort
is prone to decrease when an ink consumption per 100
m is less than 150 mg and drying property of the hand-
writing decreases when more than 300 mg, so that from
150 mg to 300 mg is preferred to obtain good handwriting
and writing comfort. It is possible to obtain the ink con-
sumption per 100 m by writing with a write testing ma-
chine in conditions of load of 100 g, writing speed at 4
m/min, writing angle at 70 degrees, and 20°C in accord-
ance with JIS S 6054 and calculating an ink consumption
(average value of ten) per 100 m.

[0035] Inthe second embodiment of the presentinven-
tion, itis preferred thatthe thermochromicinkisreversible
thermochromic ink. The reversible thermochromic ink
may be configured by using various types, singly or in
combination, such as a heating achromatic type to be
achromatic by heating from a color developing state, a
chromatic memory retention type to perform memory re-
tention of a color developing state and an achromatic
state interchangeably in a specific temperature range,
and a heating color development type to develop color
by heating from an achromatic state and to recover an
achromatic state from a color developing state by cooling.
[0036] For a colorant to be contained in the reversible
thermochromic ink, reversible thermochromic microcap-
sule pigment is used preferably that involves, in micro-
capsules, a reversible thermochromic composition at
least including conventionally known essential three
components of (a) an electron donor coloration organic
compound, (b) an electron accepting compound, and (c)
a reaction medium to determine a temperature to pro-
mote both of the above coloration reactions.

[0037] Itis preferred that a particle size of the micro-
capsule pigment is from 0.1 wm to 30 wm. The particle
size merely means an average size and it is possible to
obtain on the basis of volume by centrifugal sedimenta-
tion or laser diffraction. The content of the pigment is
preferably from 3 to 15 mass% based on the total amount
of the ink composition.

[0038] The friction body used for the second embodi-
ment of the present invention may include a member hav-
ing rubber-like elasticity, such as rubber and an elas-
tomer having rubber-like elasticity, for example, silicone
rubber, fluorine-based rubber, chloroprene rubber, nitrile
rubber, polyester-based rubber, ethylene propylene di-
ene rubber (EPDM), a styrene-based elastomer, an es-
ter-based elastomer, and an olefin-based elastomer, and
they may be used by selecting appropriately. The friction
body may be formed integrally with the rear end of the
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barrel and may also mount another member by two-color
forming, fitting, and the like. It is preferred that Shore A
hardness is not less than 40 and not more than 100.
[0039] According to a second configuration of the sec-
ond embodiment of the present invention, in addition to
the position of the center of gravity, the product weight
is designedto be 10 g or less, thereby alleviating the drop
impact even more. This is because it is possible to be
represented by F = mV/t (impact force is F [N], mass of
object is m [kg], and deceleration time is t [s], V = V(2gh)
(g denotes gravitational acceleration = 9.8 [m/s2] and h
denotes height [m]). In particular, when using a ball hav-
ing a diameter as small as ¢ 0.4 mm or less, the thickness
of the caulking portion at the front end of the tip becomes
thin and a dent is prone to be made when dropping. It is
thus preferred to suppress the drop impact by making
the product weight to be 10 g or less. When the product
weight is too light, the retractable writing instrument
placed horizontally on a desk is prone to move by being
hit by a hand, an elbow, a book, a notebook, or the like,
and as a result, it is prone to drop, so that it is preferred
that the product weight is 5 g or more.

[0040] According to a third configuration of the second
embodiment of the present invention, the operating por-
tion of the operating body is attached in outward projec-
tion from the outer circumferential surface of the barrel
and the width in the circumferential direction of the op-
erating portion is less than the width in the circumferential
direction of the friction body, thereby exhibiting effects of
easy visibility of the handwriting on the writing surface
while using the friction body. Since it is not easily oper-
ated when the width of the operating portion becomes
small, it is preferred that the pressing force of the coll
spring to bias the ballpoint pen refill to the rear end of the
barrel is from 100 to 200 g. This is because there is a
risk that the front end of the tip projects casually when
less than 100 g, and the operability decreases and also
the knocking impact is prone to be great when more than
200 g, so that the pressing force of the coil spring is de-
signed to be from 100 to 200 g, preferably from 120 g to
180 g.

Effects of the Invention
<First Effect>

[0041] The present invention is capable of providing a
thermochromic retractable ballpoint pen including a fric-
tion body at a rear end of a barrel for easy thermo-
chromism only in a desired area.

<Second Effect>

[0042] The presentinvention is capable of providing a
retractable ballpoint pen that has a front end of a tip at
which a dent is not easily made due to an impact, such
as dropping, and also that is capable of obtaining stable
ink flow.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0043]

Fig. 1 is a longitudinal cross-sectional view illustrat-
ing a retractable ballpoint pen in First Embodiment.
Fig. 2 is a diagram illustrating a state where a ball-
point pen tip in Fig. 1 projects.

Fig. 3 is a partially omitted enlarged cross-sectional
view of the main portion of the ballpoint pen tip in
Fig. 1.

Fig. 4is an external view taken from an upper surface
direction in Fig. 1.

Fig. 5 is an external view illustrating one example of
a state of using the friction body in Fig. 1.

Fig. 6 is an external view illustrating another example
of a state of using the friction body in Fig. 1.

MODE FOR CARRYING OUT THE INVENTION

[0044] Fig. 1 through Fig. 6 illustrate a retractable ball-
point pen 1 in First Embodiment. In the retractable ball-
point pen 1, a front barrel 2 and an intermediate barrel 3
are screwed together and a ballpoint pen refill that is
stored in a barrel main body obtained by slide-over fitting
arear barrel 4 to a rear end of the intermediate barrel 3
is slidably biased in a rear end direction of the rear barrel
4 by a coil spring 8 disposed between a spring receiving
member 7 disposed at a rear end of the front barrel 2 and
a rotating cam 6 to be stored therein. In the intermediate
barrel 3, a retraction mechanism made with the rotating
cam 6 is built. Although not shown, a cam groove is pro-
vided in an inner surface of the intermediate barrel 3.
[0045] In addition, in an outer circumferential surface
of the rear barrel 4, an elongated window hole 4A ex-
tending in the longitudinal direction is protrudingly pro-
vided to radially communicate with inside and outside,
and via the window hole 4A, atransparent operating body
5is disposed so as to project radially outwardly from the
outer circumferential surface of the rear barrel 4. The
operating body 5 includes an operating portion 5A pro-
jecting outwardly from the window hole 4A and a shaft
portion 5B having a cam portion (not shown) in a plurality
of serrations formed at the front end so as to move the
rotating cam 6 forward and also to induce rotation.
[0046] To use the retractable ballpoint pen 1, in a state
where a front end of a ballpoint pen tip 12 is retracted
into a front end opening 2A of the front barrel 2, the op-
erating portion 5A of the operating body 5 disposed in
outward projection from the radially outer circumferential
surface of the rear barrel 4 is slidingly operated in the
direction of the front end opening 2A of the front barrel 2
along the window hole 4A provided in the rear barrel 4
against a biasing force of the coil spring 8. Consequently,
the shaft portion 5B of the operating body 5 actuates the
rotating cam 6. This maintains a state where the front
end of the ballpoint pen tip 12 projects from the front end
opening 2A of the front barrel 2, which enables writing
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with the retractable ballpoint pen 1. The retraction mech-
anism mentioned above is a conventionally known re-
traction mechanism made with the rotating cam 6 and
allows the ballpoint pen tip 12 to retract from the front
end opening 2A of the front barrel 2. The biasing force
of the coil spring 8 to bias the ballpoint pen refill to the
rear end side of the rear barrel 4 is, as a result of meas-
urement by a push-pull scale, 150 gf and the ink con-
sumption for 100 m is 180 mg.

[0047] At the rear end of the rear barrel 4, a friction
body 9 of a polyester-based elastomer is mounted by
slide-over fitting. As illustrated in Fig. 5 and Fig. 6, the
friction body 9 is put in pressure contact on handwriting
written between horizontal rule lines P on a writing sur-
face 21 of a notebook and the like and rubbed thereon
to generate heat. The heat allows the handwriting in ther-
mochromic ink to be thermally achromatic or thermochro-
mic. In a state where the ballpoint pen tip 12 is retracted
into the front barrel 2, an angle B of a tangent S to both
the operating portion 5A of the operating body 5 and the
friction body 9 is 78 degrees relative to an axial line J.
[0048] As illustrated in Fig. 2, an entire length L of the
retractable ballpoint pen 1 in the present embodiment is
144.0 cm in a state where the front end of the ballpoint
pen tip 12 projects from the front barrel 2. In addition, the
center of gravity G of the retractable ballpoint pen 1 in a
state where the front end of the ballpoint pen tip 12
projects from the front barrel 2 is located in a distance M
from the front end of the ballpoint pen tip 12 and in a
distance N from the rear end of the friction body 9. The
retractable ballpoint pen 1 has the distance M of 71.5 cm
and the distance N of 72.5 mm. To confirm the state of
dropping from a desk, a drop test is performed in which
the retractable ballpoint pen 1 is in a state parallel to the
ground and dropped from a height of 1 m, and as aresult,
it does not drop from the tip side and a caulking portion
13A is not damaged.

[0049] As illustrated in Fig. 4, a maximum width (outer
diameter) A of the friction body 9 is designed to be 6 mm
and a maximum width E in the circumferential direction
ofthe operating portion 5A to be 2 mm (A > E). In addition,
the maximum width (outer diameter) A of the friction body
9 is designed to be smaller than a maximum width (outer
diameter) B (7 mm) of the rear end of the rear barrel 4
(A>B). Theretractable writing instrument 1 has the gross
weight of 9.0 g, a maximum width D (outer diameter) of
the front barrel 2 of 9.0 mm, a maximum width (outer
diameter) of the intermediate barrel of 9.0 mm, and a
maximum width C (outer diameter) of the rear barrel 4 of
8 mm. As illustrated in Fig. 1, a distance Q in the longi-
tudinal direction from the rear end of the friction body 9
to the operating portion 5A is 2.7 times a length R in the
longitudinal direction of the friction body 9 exposed to
outside from rear end of the rear barrel 4.

[0050] As illustrated in Fig. 3, the ballpoint pen refill
has a configuration of mounting the ballpoint pen tip 12
at afrontend of an ink storage cylinder 10 via a tip holder
11. The ballpoint pen tip 12 has, in a tip main body 13
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made with a stainless steel wire, a ball holding chamber
14, an ink distribution hole 17 located at the center of the
ball holding chamber 14, and an ink distribution groove
16 to communicate with the ink distribution hole 17. The
ink distribution groove 16 extends radially and has a
depth of not reaching a tip rear hole 18. On a bottom wall
15 of the ball holding chamber 14, a ball 19 made of
tungsten carbide with ¢ 0.38 mm is placed. The ball 19
is rotatably held by caulking the caulking portion 13A at
the front end of the tip inside so as to have a part of it
projects from a front end edge of the tip.

[0051] The ballpoint pen tip 12 is fabricated by firstly
cutting a stainless steel wire with ¢ 2.3 mm having a hard-
ness from 230 Hv to 280 Hv into a desired length and
providing the ball holding chamber 14, the ink distribution
groove 16, the ink distribution hole 17, and the rear hole
18 in the stainless steel wire, and then, placing the ball
19 on the bottom wall 15 of the ball holding chamber 14,
and after that, forming a seal surface in a shape approx-
imately same as the ball 19 on the inner wall of the caulk-
ing portion 13A at the front end of the tip by rearward
hammering. In addition, a coil spring 20 is disposed be-
hind the ball 19 and the ball 19 is pressed on the inner
wall seal surface of the caulking portion 13A by the press-
ing force. The pressing force of the coil spring 20 to press
the ball 19 is designed to be 20 gf.

[0052] In addition, in the state where the ball 19 is
placed on the bottom wall 15, an amount H of ball pro-
jection to project from the front end of the tip is designed
to be 30% of the ball diameter, a caulking angle o to be
110 degrees, clearance of the ball 19 in the vertical di-
rection (left and right directions of the ball 19 in Fig. 3) to
be 35 wm, and an outer diameter K of the caulking portion
to be 1.05 times the ball diameter. In addition, the coil
spring 20 is disposed behind the ball 19, and the ball 19
is pressed on the inner wall seal surface side of the caulk-
ing portion 13A by the pressing force of the coil spring
20. The pressing force of the coil spring 20 to press the
ball 19 is designed to be 20 gf.

[0053] By designingthe pressing force of the coil spring
20 to press the ball 19 to be not less than the entire (prod-
uct) weight of the retractable ballpoint pen 1 and also not
more than 30 g, it is possible to obtain good writing and
impact resistance performance. This is because, when
the pressing force of the coil spring 20 to press the ball
19isless than the product weight, itis difficult to suppress
movement of the ball due to an impact and ink leakage
is prone to occur. It is also because, when the pressing
force of the coil spring 20 to press the ball 19 is more
than 30 g, start writing performance and writing texture
decrease.

[0054] When the amount H of ball projection to project
from the front end of the tip is less than 25% of the ball
diameter in the state where the ball 19 is placed on the
bottom wall 15, the front end of the tip is prone to hit a
writing surface, such as the writing surface 21, while writ-
ing and the front end of the tip is prone to be damaged.
When it is more than 40% of the ball diameter, the ball
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retaining force becomes weak, which reduces the impact
resistance performance of dropping and the like. In ad-
dition, by forming the caulking angle o to be an obtuse
angle, an effect of enhancing the ball retaining force of
the caulking portion 13A is exhibited. When the caulking
angle o exceeds 120 degrees, the front end of the tip is
prone to hit a writing surface, such as the writing surface,
while writing. The caulking angle a is preferably from 90
degrees to 120 degrees.

[0055] In the ink storage cylinder 10, thermochromic
ink for a rollerball pen (not shown) is stored that contains
reversible thermochromic microcapsule pigment having
an average particle size of 0.5 pum and has anink viscosity
at 1 rpm in an EM rotational viscometer of 1020 mPa-s
(25°C), has an ink viscosity at 100 rpm of 84 mPa's
(25°C), and has a shear-thinning index of 0.48. At a rear
end of the ink in the ink storage cylinder 10, a grease-
like ink follower (not shown) is stored directly. The ink
viscosity at 100 rpm in an EM rotational viscometer is
preferably from 40 to 200 mPa-s.

[0056] In addition, as illustrated in Fig. 5, the retracta-
ble ballpoint pen 1 in the present embodiment has a con-
figuration in which, when the friction body 9 is downward
and an axial line J of the barrel is vertical to the writing
surface in a state where the ballpoint pen tip 12 is retract-
ed into the front barrel 2, the tangent S to both the friction
body 9 and the operating portion 5A becomes at degrees
or more relative to the writing surface. With such config-
uration, when a user uses the friction body 9, itis possible
to use without worrying about contact of the operating
portion 5A with the writing surface. In particular, since
handwriting formed with a ball with ¢ 0.4 mm or less be-
comes small, the tangent S to both the friction body 9
and the operating portion 5A when the friction body 9 is
downward and the axial line J of the barrel is vertical to
the a writing surface is preferably 60 degrees or more
and most preferably 70 degrees or more.

[0057] Although the pressing force of the coil spring to
press the ball is not particularly limited, it is possible to
obtain good writing and impact resistance performance
by making it more than the product weight and also not
more than 30 g. This is because, when the pressing force
of the coil spring to press the ball is less than the product
weight, it is difficult to suppress the movement of the ball
due to an impact and ink leakage is prone to occur. It is
also because, when the pressing force of the coil spring
to press the ball is more than 30 g, start writing perform-
ance and writing texture decrease.

[0058] Although a ball of 0.38 mm is used for conven-
ience in the present embodiment, the ball diameter is not
particularly limited. It is preferred because good hand-
writing and writing comfort is obtained by, as the embod-
iment, using a ball of ¢ 0.4 mm or less, having clearance
in the vertical direction of the ball from 30 to 50 um, and
having an ink consumption per 100 m from 150 to 300
mg. This is because it becomes difficult to increase the
ink consumption as much as the ink consumption per
100 m from 150 to 300 mg when the clearance in the
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vertical direction of the ballis less than 30 wm. In contrast,
when the clearance in the vertical direction of a ball ex-
ceeds 50 pm using a ball with not more than ¢ 0.4 mm,
the thickness at the front end of the tip is thin and the ball
retaining force decreases, so that from 30 to 50 pm is
most preferred. The ball diameter is preferably from ¢ 0.3
mm to ¢ 0.4 mm. It is possible to obtain the ink consump-
tion per 100 m by writing with a write testing machine in
conditions of load of 100 g, writing speed at 4 m/min,
writing angle at 70 degrees, and 20°C in accordance with
JIS S 6054 and calculating an ink consumption (average
value of ten) per 100 m.

[0059] In addition, although the gross weight (product
weight) of the retractable ballpoint pen is not particularly
limited, an impact due to dropping is greatly dependent
on mass of an object (product weight) as it is possible to
be represented by F = mV/t (impact force is F [N], mass
of object is m [kg], and deceleration time is t [s], V =
V(2gh) (g denotes gravitational acceleration = 9.8 [m/s2]
and h denotes height [m])). In particular, when using a
ball having a diameter as small as ¢ 0.5 mm or less, the
thickness of the caulking portion at the front end of the
tip becomes thin and a dent is prone to be made when
dropping. Itis thus preferred to suppress the drop impact
by making the product weight to be 10 g or less. When
the product weight is too light, the retractable writing in-
strument placed horizontally on a desk is prone to move
by being hit by a hand, an elbow, a book, a notebook, or
the like, and as a result, it is prone to drop, so that it is
preferred that the product weight is 5 g or more.

[0060] Although, in the present embodiment, the op-
erating portion 5A as a projecting area is a plate piece
having a longitudinal cross-section in an arc shape that
also work as a protrusion to prevent rolling when the writ-
ing instrument is placed horizontally on a desk and is
provided with a hole portion 5C to attach a charm, it is
also possible to integrally form or attach a clip.

[0061] In addition, although the barrel main body is
configured with the front barrel, the middle barrel, and
the rear barrel in the present embodiment, it is not par-
ticularly limited as such. In addition, although the barrel
main body (front barrel, middle barrel, rear barrel) and
the operating body are formed by a synthetic resin, such
as polycarbonate, polyethylene, and ABS, and metal, it
is preferred that the operating body at least is formed by
a transparent or translucent synthetic resin. This is be-
cause, by making the operating body 5 to be transparent
or translucent as illustrated in Fig. 6, it is possible to not
easily reduce the visibility of handwriting even when the
operating portion 5A comes into eyesight while using the
friction body 9.

[0062] In addition, as in the present embodiment, the
width of the operating portion of the operating body is
less than the maximum width of the friction body, thereby
exhibiting an effect of easy visibility of the handwriting on
the writing surface while using the friction body. Since
the operation becomes difficult when the width of the op-
erating body becomes small, it is preferred that the press-
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ing force of the coil spring to bias the ballpoint pen refill
to the rear end of the barrel if from 100 to 200 g. This is
because there is arisk that the front end of the tip projects
casually when less than 100 g and the operability de-
creases when more than 200 g, so thatitis preferred that
the pressing force of the coil spring is from 100 to 200 g,
preferably from 120 g to 180 g.

[0063] Inaddition, since there is arisk that the rear end
of the barrel obstructs visibility of handwriting while using
the friction body when the maximum outer diameter of
the rear end of the rear barrel exceeds 1.5 times the
maximum outer diameter of the friction body and there
is a risk that the operating body is not easily operated
when the maximum outer diameter of the friction body is
greater than the maximum outer diameter of the rear end
of the barrel (less than 1.0 times), it is preferred that the
maximum outer diameter of the rear end of the barrel is
designed to be from 1.0 times to 1.5 times the maximum
outer diameter of the friction body to suppress obstruction
to handwriting by the rear end of the barrel while using
the friction body for enhancement of the visibility of the
handwriting. In addition, not only the rear end of the rear
barrel, the maximum outer diameter of 1/3 or more of the
entire length of the writing instrument, even more pref-
erably 1/2 or more and most preferably the entire writing
instrument, from the barrel rear end of the friction body
is also set to be from 1.0 times to 1.5 times the maximum
outer diameter of the friction body, thereby being capable
of further enhancing the visibility of handwriting. Many of
general notebooks are provided with horizontal ruled
lines at 7 mm pitch, and those having 8 mm and 10 mm
pitches are also often commercially available. It is there-
fore preferred that the maximum outer diameter of the
friction body is 7.0 mm or less.

[0064] Although the present embodiment exemplifies
a retractable ballpoint pen including a retraction mecha-
nism made with a rotating cam for convenience, the re-
traction mechanism is not particularly limited. Consider-
ing the operability and the like, it is preferred to use a
retraction mechanism made with a rotating cam.

Industrial Applicability

[0065] Since the retractable ballpoint pen of the
present invention has easy thermochromism only in a
desired area, itis widely applicable to use with notebooks
and pocketbooks.

[0066] Since the retractable ballpoint pen of the
present invention may be used without limitation in the
retraction mechanism, it is widely applicable as a retract-
able ballpoint pen.

Description of Reference Numerals

[0067]
1 retractable ballpoint pen
2 front barrel
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2A front end opening
3 intermediate barrel
4 rear barrel

4A window hole

5 operating body

5A operating portion

5B shaft portion

5C hole portion

6 rotating cam

7 spring receiving member
8 coil spring

9 friction body

10 ink storage cylinder

11 tip holder
12 ballpoint pen tip
13 tip main body

13A  caulking portion

14 ball holding chamber

15 bottom wall

16 ink distribution groove

17 ink distribution hole

18 rear hole

19 ball

20 coil spring

21 writing surface

A maximum outer diameter of friction body

B maximum outer diameterofrear end ofrear barrel
C maximum outer diameter of rear barrel

D maximum outer diameter of front barrel and in-

termediate barrel

E width of operating portion

G center of gravity

H amount of ball projection

J axis

K outer diameter of caulking portion

L entire length in a state where front end of tip
projects

M distance from front end of tip to center of gravity

N distance from rear end of friction body to center
of gravity

Q distance from rear end of friction body to operat-
ing portion

R length of friction body exposed to outside from
rear end of rear barrel

S tangent

o caulking angle

B angle of tangent to both friction body and oper-
ating portion

Claims

1. A retractable ballpoint pen comprising
a retraction mechanism to allow a front end of a ball-
point pen tip to be retracted from a front end opening
of a barrel by mounting the ballpoint pen tip to rotat-
ably hold a ball at a front end of an ink storage cyl-
inder directly or via atip holder, by housing a ballpoint
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pen refill, directly storing thermochromic ink in an ink
storage cylinder, in the barrel by biasing by a coil
spring to a rear end of the barrel, and by operating
an operating portion of an operating body attached
in outward projection from an outer circumferential
surface of the barrel, wherein

the pen includes a friction body, at a rear end of the
barrel, used for friction of handwriting in the thermo-
chromic ink, enabling thermochromism of the hand-
writing in the thermochromic ink with frictional heat
produced at that time, and having rubber-like elas-
ticity,

a maximum outer diameter of the rear end of the
barrelis from 1.0 times to 1.5 times a maximum outer
diameter of the friction body,

a maximum width in a circumferential direction of the
operating portion is less than the maximum outer
diameter of the friction body, and

an angle of a tangent to both the friction body and
the operating portion from a writing surface is 60 de-
grees or more when the friction body is downward
and an axial line of the barrel is in a vertical state
relative to the writing surface.

The retractable ballpoint pen according to claim 1,
wherein

the maximum outer diameter of the friction body is
from 1.0 mm to 7.0 mm.

The retractable ballpoint pen according to claim 1 or
2, wherein

a distance in a longitudinal direction from the rear
end of the friction body to the operating portion is
twice or more a length in the longitudinal direction of
the friction body exposed to outside from the rear
end of the barrel.

The retractable ballpoint pen according to any one
of claims 1 through 3, wherein

a position of a center of gravity in a state where the
ballpoint pen tip projects is located in or behind an
intermediate portion of an entire length of a writing
instrument.
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