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57 ABSTRACT 
A mechanical pencil is disclosed in which lead feed 
occurs automatically upon lifting of the pencil from the 
paper surface or the like and in which the slider can be 
locked in a retreated position when the pencil is not in 
us. The mechanical pencil includes a tip member fitted 
in the front end of a shell removably, a sleeve disposed 
slidably in the interior of the tip member, a lead feed 
mechanism which is mounted in the interior of the 
sleeve and which permits a forward movement of a lead 
but inhibits a backward movement of the lead, an ejec 
tion bar mounted on the front end side of the sleeve, 
with the lead extending through the ejection bar, a 
slider disposed slidably within the tip member and hav 
ing a locking engaging portion capable of engaging the 
tip member disengageably, the slider imparting a prede 
termined frictional force to the lead, and a resilient 
member disposed between the slider and the ejection 
bar, the resilient member having an urging force stron 
ger than a lead gripping force of the lead feed mecha 
nism under. 

14 Claims, 30 Drawing Sheets 
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1. 

MECHANCAL PENCIL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a mechanical pencil 

in which lead feed is done automatically upon release of 
writing of a slider from the paper surface or the like and 
the slider can be locked in a retreated position when the 
pencil is not in use. 

2. Description of the Prior Art 
Recently there have been proposed automatic me 

chanical pencils containing a known one-way type 
chuck unit and capable of effecting rear-end knock, in 
which a chuck grips lead upon application of writing 
pressure, while the gripping action of the chuck for the 
lead is released upon release of the writing pressure, and 
by a biasing force of a slider acting toward the front end 
side for writing and by a friction imparting portion 
inserted in the slider, the lead itself leaves the chuck 
toward the front end side and is thereby fed for writing. 

In all of such proposals, however, the internal struc 
ture such as a lead feed mechanism is very complicated, 
the assembly work efficiency is poor and the number of 
components is large. 

In view of the above problems the applicant in the 
present case has previously proposed a mechanical pen 
cil in Japanese patent application No. 298641/85 as an 
original structure of the aforesaid type of mechanical 
pencils. 
According to this proposed mechanical pencil, lead 

feed can be effected in three ways (automatic writing, 
front-end knock and rear-end knock) under a relatively 
simple internal structure. In the lead feed operation by 
front-end knock, the lead is fed, of course, when it is not 
projecting from the front end, while when the lead is 
projecting in excess of a predetermined amount, it is not 
fed any further, with only cushioning being performed. 

However, the foregoing known automatic mechani 
cal pencils and the mechanical pencil of the above prior 
application are of a structure in which the slider moves 
alone and the lead is fed out by such movement. There 
fore, in carrying the pencil after use, for example when 
the pencil is put into a pocket, the slider may retreat 
unnecessarily, allowing only the lead to be fed out inad 
vertently, thus causing stain of the clothing or breakage 
of the lead. 

In the prior art, moreover, there is a predetermined 
space between the lead feed mechanism and the slider, 
with no lead protecting means provided therebetween, 
so there has been the problem that the lead is broken by 
some external force and the broken pieces get into the 
lead feed mechanism and are caught in the lead chuck, 
causing trouble. Moreover, an extremely complicated 
internal structure is required for unlocking and locking 
and stowing the slider, resulting in that the assembling 
work becomes less efficient and the number of compo 
nents increases inevitably. 

Further, a conventional lead stopper mounted in the 
interior of the front end side of a mechanical pencil to 
exert a predetermined frictional force on the lead is 
constituted by a friction imparting member provided in 
the interior of a tip member of the mechanical pencil or 
in the interior of a slider which is slidable axially in the 
interior of the tip member. The friction imparting mem 
ber is integrally formed in the shape of a stepped cylin 
der comprising a cylindrical portion of a large diameter 
located on the front end side and a cylindrical portion of 
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2 
a large diameter on the rear end side, with a lead inser 
tion hole being formed through the axes of those cylin 
drical portions. 
The friction imparting member is mounted by press 

fitting into the tip member or the slider with its small 
diameter cylindrical portion facing forward, whereby 
the entire outer peripheral surface of the friction impart 
ing member is held in frictional engagement with the 
inner peripheral surface of the tip member or the slider. 

In this state, if the lead is inserted into the lead inser 
tion hole of the friction imparting member, a predeter 
mined frictional force is imparted to the lead by the 
inner peripheral surface of the lead insertion hole. 
Drop-out of the lead is thereby prevented during writ 
ing and the lead is provided with stable support and a 
smooth lead feed operation. 

However, in the conventional lead stopper in an as 
sembled state, the entire outer peripheral surface of the 
friction imparting member comes into frictional engage 
ment with the inner peripheral surface of the tip mem 
ber or the slider without leaving any gap, so variations 
in the radial direction of the friction imparting member 
and the tip member or the slider as well as variations in 
the lead diameter cannot be absorbed because it is im 
possible for the friction imparting member to undergo 
elastic deformation in a diameter expanding direction. 

For example, if the outside diameter of the lead is 0.58 
mm, the inside diameter of the lead insertion hole of the 
friction imparting member is 0.53 mm, the outside diam 
eter of the lead insertion hole is 1.87 mm and the inside 
diameter of the slider is 1.77 mm, and when the lead is 
inserted into the lead insertion hole, there occurs in the 
friction imparting member an expansion of 0.05 mm in 
relation to the lead diameter and an expansion of 0.07 
mm in relation to the slider, that is, an expansion of 0.12 
mm in total. But this expansion cannot be absorbed by 
the friction imparting member which is incapable of 
undergoing elastic deformation in the diameter expand 
ing direction. Consequently, it becomes no longer possi 
ble to impart an appropriate frictional force to the lead 
and so it becomes impossible to prevent drop-out of the 
lead and attain stable support and smooth lead feed 
operation. 

Further, since the friction imparting member is 
formed in the shape of a stepped cylinder and has direc 
tionality at the time of mounting, etc., its mounting 
work is less efficient and the molding die required be 
comes complicated in structure, thus leading to increase 
of the cost. 

Additionally, the conventional lead chuck is an inte 
gral chuck having a slot for opening. But recently there 
has been developed a lead chuck which perse is divided 
completely in plural portions. 
There has been a lead chuck of such one-way type in 

which the lead opening operation is performed by 
pressing the rear end of the lead chuck in a picking form 
and by the utilization of a lever action using a part of the 
lead chuck as a fulcrum. However, such a way of lead 
opening operation causes deviation at the front end of 
the lead chuck, so when the chuck which is divided in 
plural portions returns to the lead gripping position, the 
divided portions shift from each other in the lead grip 
ping position, thus causing slip or breakage of the lead. 

SUMMARY OF THE INVENTION 

It is the first object of the present invention to pro 
vide a mechanical pencil in which its components such 
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as a sleeve, a lead feed mechanism and a coupling, ex 
cept its shell, are each constructed as a unit-block to 
thereby simplifying the assembling work and handling 
and reduce the number of components. 

It is the second object of the present invention to 
provide a mechanical pencil capable of performing 
three types of lead feed operations. 

It is the third object of the present invention to pro 
vide a mechanical pencil having a slider lock mecha 
nism of a simple structure to effectlocking/stowing and 
unlocking for a slider easily, thereby preventing the 
lead from being fed out inadvertently while the pencil is 
carried, in addition to having the feature of the mechan 
ical pencil of the second object. 

It is the fourth object of the present invention to 
provide a mechanical pencil which is prevented from a 
sense of incongruity and discomfort caused by retreat of 
a lead chuck. 

It is the fifth object of the present invention to pro 
vide a mechanical pencil capable of preventing the 
breakage of lead and, in the event of accidental break 
age of lead, capable of preventing the broken lead from 
getting into a lead feed mechanism. 

It is the sixth object of the present invention to pro 
vide a mechanical pencil having a lead stopper capable 
of undergoing elastic deformation in a diameter expand 
ing direction in an assembled state to thereby permit 
positive absorption of not only its own variation in the 
radial direction but also various variations in a tip men 
ber or a slider and in the lead diameter, so as to thereby 
be capable of preventing drop-out of the lead, ensuring 
stable support and smooth lead feed operation, and 
permitting easy operation for assembly and molding. 

It is the seventh object of the present invention to 
provide a mechanical pencil capable of effecting front 
end knock positively whenever a slide pipe is projecting 
from a tip member. 

It is the eighth object of the present invention to 
provide a mechanical pencil having a lead chuck capa 
ble of preventing the occurrence of inconveniences 
caused by deviation at the front end portion of the lead 
chuck, such as slip or breakage of the lead, thereby 
ensuring a stable opening operation for the lead. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a longitudinal sectional view of a first em 

bodiment of the present invention; 
FIG. 2 is a plan view of a tip member; 
FIG. 3 is a sectional view taken online A-A of FIG. 

2; 
FIG. 4 is a rear view of FIG. 2; 
FIG. 5 is an explanatory perspective view of a sliding 

slot formed in the tip member; 
FIG. 6 is a plan view of a slider; 
FIG. 7 is a sectional view taken on line B-B of FIG. 

6; 
FIG. 8 is a rear view of FIG. 6; 
FIG. 9 is a plan view of a sleeve; 
FIG. 10 is a sectional view taken on line C-C of 

FIG. 9; 
FIG. 11 is a rear view of FIG. 9; 
FIG. 12 is a central longitudinal sectional view of a 

drum ring; 
FIG. 13 is a plan view of an ejection lever; 
FIG. 14 is a longitudinal sectional view of a lead 

chuck; 
FIG. 15 is a view as seen in the arrowed direction in 

FIG. 14; 
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4. 
FIG. 16 is a sectional view taken on line D-D of 

FIG. 15; 
FIG. 17 is a sectional view taken on line E-E of 

FIG. 15; 
FIG. 18 is a sectional view taken on line F-F of 

FIG. 14; 
FIG. 19 is an enlarged plan view of a tooth portion; 
FIGS. 20 and 21 are enlarged explanatory views of 

the tooth portion; 
FIGS. 22 to 24 are longitudinal sectional views show 

ing other examples of lead chuck head portions; 
FIGS. 25 to 29 are explanatory views of lead feed 

operation and locking operation; 
FIG. 30 is a longitudinal sectional view of a shell 

portion according to a third embodiment of the present 
invention; 
FIG. 31 is a longitudinal sectional view of a fourth 

embodiment; 
FIG. 32 is a sectional view of a lead stopper accord 

ing to a fifth embodiment of the present invention; 
FIG. 33 is an end view of FIG. 32; 
FIGS. 34 and 35 are partial sectional views of differ 

ent mechanical pencils each having a lead stopper in 
corporated therein; 

FIG. 36(A) is a longitudinal sectional view of a sixth 
embodiment; 
FIG. 36(B) is a longitudinal sectional view of a princi 

pal portion thereof; 
FIG. 37 is a plan view of a slider; 
FIG. 38 is a sectional view taken on line B-B of 

FIG. 37; 
FIG. 39 is a rear view of FIG. 37; 
FIG. 40(A) is a front view of a drum ring; 
FIG. 40(B) is a sectional view taken on line D-D of 

FIG. 40(A); 
FIG. 41(A) is a plan view of an ejection bar; 
FIG. 41(B) is a sectional view taken on line E-E of 

FIG. 41(A); 
FIG. 42 is an explanatory view of automatic writing, 

front-end knock and lock/stow operations of the slider; 
FIG. 43(A) is a longitudinal sectional view of a me 

chanical pencil according to a ninth embodiment of the 
invention; 
FIG. 43(B) is a longitudinal sectional view of a princi 

pal portion thereof; 
FIG. 43(C) is a longitudinal sectional view of a prin 

cipal portion of the mechanical pencil in an opened state 
of a lead chuck; 
FIG. 44 is a longitudinal sectional view of a lead 

chuck member; 
FIG. 45 is a plan view thereof; 
FIG. 46 is a side view thereof; 
FIG. 47 is a side view of a lead chuck; 
FIG. 48 is an explanatory perspective view of a ball 

holding portion; 
FIG. 49 is a sectional view taken on line F-F of 

FIG. 47; 
FIG. 50 is a sectional view taken on line G-G of 

FIG. 17; and 
FIGS. 51-53 are bottom views showing examples of 

lead chuck members. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Various embodiments of the present invention will be 
described hereinunder with reference to the accompa 
nying drawings. 
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FIG. 1 is a sectional view of a mechanical pencil 
according to a first embodiment of the present inven 
tion. The mechanical pencil has a tip member 2 attached 
to the front end of a shell 1 removably, a slider 3 re 
ceived in the tip member 2 axially slidably, a sleeve 4 
disposed in the tip member 2 axially slidably, a lead feed 
mechanism 5 mounted within the sleeve 4, a stopper 6 
which is axially slidable through the interior of the rear 
portion of the sleeve 4, and a coupling 7 fitted and con 
nected into the stopper 6. 
The tip member 2, as shown in FIGS. 1 to 3 and 5, has 

a fitting portion 21 for the shell 1 and a rear cylindrical 
portion 22 contiguous to the rear end of the fitting por 
tion 21. The rear cylindrical portion, as shown in FIGS. 
1 to 5, is formed with a pair of sliding slots 23 of a 
symmetric shape and slits 24 for ensuring radial elastic 
deformation of the rear cylindrical portion 22. 
The paired sliding slots 23, as shown in FIGS. 1 to 5, 

are formed in an axially symmetric crank shape and 
each provided with a sleeve projection sliding slot 23a, 
for sliding therethrough of a later-described sleeve pro 
jection (sleeve engaging portion) 41, a stopper projec 
tion sliding slot 23b for sliding therethrough of a stop 
per projection 61, and a sleeve retreat restricting 
stepped portion 23c formed at the rear end of the sleeve 
projection sliding slot 23a. The sleeve retreat restricting 
stepped portion 23c functions to restrict a backward 
movement of the sleeve projection 41 moving back 
ward in response to front-end knock or excess writing 
pressure damping action. 

In an external force-free state (see FIG. 1) there is a 
distance a between the sleeve retreat restricting stepped 
portion 23c and the rear end of the sleeve projection 41. 
A stopper lug retaining wall portion 23d formed at 

the rear end of the stopper projection sliding slot 23b 
functions to engage the stopper projection 61 and obtain 
a single unit-block of the tip member 2, sleeve 4 and 
coupling 7 which are each constructed as a block. 
On the other hand, as shown in FIG. 1, an annular 

slider receiving portion 8 is fitted in the front-side inner 
wall of the tip member 2, and inside the rear end of the 
slider receptable portion 8 there inwardly projects an 
annular slider stopper 81 which engages the slider 3 
disengageably. 
The slider 3, as shown in FIGS. 1 and 6 to 8, has a 

slider body 31, a slide pipe 32 fitted in the front end side 
of the slider body 31, and a symmetric, directionality 
free, friction imparting member 33 fitted in the interior 
of the slider body 31 to impart a predetermined fric 
tional force (e.g. 13-20g) to a lead S. The rear side of the 
slider body 31 is formed with a plurality (four in this 
embodiment) of divided engaging pieces 34 which are 
engageable with the slider stopper 81 and capable of 
expanding and contracting in the diametrical direction. 
The engaging pieces 34 are each provided with an out 
wardly projecting engaging protuberance for engage 
ment with and disengagement from the slider stopper 
81. 
Of the two pairs of opposed engaging protuberances 

35 shown in FIGS. 6 to 8, any one pair may be omitted. 
The upper halfportion of the slider 3 and of a later 

described ejection bar 10 in FIG. 1 indicated at (i) in 
FIG. 1) shows a condition in the absence of any special 
external force such as when the pencil is not in use 
(hereinafter referred to as the "normal” condition), 
while the lower halfportion indicated at (ii) in FIG. 1 
shows a later-described locked state. 
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6 
The sleeve 4 is disposed axially slidably within the tip 

member 2. As shown in FIGS. 1, 9 and 10, the sleeve 4 
is cylindrical and the outer periphery of its front side is 
formed with a pair of sleeve projections 41 for sliding 
through the sleeve projection sliding slot 23a, while on 
the rear side there are formed a pair of sliding slots 42 of 
the same shape which permits sliding therethrough of 
the stopper projections 61 
Each sliding slot 42, as shown in FIGS. 9 and 10, has 

a guide slot 42a for guiding the stopper projection 61, 
and a frictional sliding slot 42b which is in communica 
tion with the guide slot 42a, with a frictional stepped 
portion 43 being formed intermediately of the frictional 
sliding slot 42b. As will be explained later, the frictional 
stepped portion 43 functions to impart a frictional force 
to the stopper projection 61 and let the entire sleeve 4 
advance a predetermined distance together with the 
stopper 6 to feed the lead S. 
As shown in FIG. 1, the ejection bar 10 is connected 

to the front end of the sleeve 4 through a drum ring 9; 
the lead feed mechanism 5 is disposed in the interior of 
the sleeve; and at the rear end portion of the sleeve 4, 
the coupling 7 is engaged therewith and the axially 
slidable stopper 6 is disposed. 
The drum ring 9, which is fitted in the front end of 

the sleeve 4, GD fulfills a guide function of internally 
holding the ejection bar 10 movably (slidably) in a 
predetermined range, also functions to prevent 
drop-out of later-described balls 53 at a rear stepped 
portion 91. On the front end side of the drum ring 9, as 
shown in FIGS. 1 and 12, there are formed one or more 
(four in this embodiment) axially extending slits 92 to 
ensure the stowing of the ejection bar 10. The reference 
numerals 93a and 93b shown on the front end side of 
the drum ring 9 each represent a retaining concave 
portion formed to retain a convex portion 104 of the 
ejection bar 10 movably with a predetermined engag 
ing force as will be described later. The retaining 
concave portions 93a and 93b retain the ejection bar in 
the advanced position and retreated position, respec 
tively. 
The ejection bar 10 held by the drum ring 9, as shown 

in FIGS. 1 and 13, has a bar body 100, an axially extend 
ing cylindrical portion 101 centrally located in the inte 
rior of the bar body 100, a lead insertion hole 102 
formed in the interior of the cylindrical portion 101, a 
retaining portion 103 for retaining the rear end of a 
later-described first resilient member 11, and the convex 
portion 104 which movably engages the retaining con 
cave portions 93a and 93b of the drum ring 9. 
The engaging force between the retaining concave 

portion 93a on the front side (advanced position) of the 
drum ring 9 and the convex portion 104 is set at a value 
(e.g. 300 g--50 g) larger than the engaging force (e.g. 
100 g--30 g) between the engaging protuberances 35 of 
the slider 3 and the slider stopper 81. This is because at 
the time of front-end knock the slider stopper 81 and the 
slider 3 are unlocked by abutment of a front end 104a of 
the convex portion of the ejection bar 10 with the rear 
end of the slider 3, as will be described in more detail 
later. 

In the normal condition, as shown in FIG. 1, (a) there 
is a distance b between the rear end of the slider 3 as 
well as the rear end of the slider receiving portion 8 and 
the front end 104a of the convex portion of the ejection 
bar. 10. The distance b, as will be described later, GD 
corresponds to a lead feed quantity in rear-end knock 
and front-end knock and it represents an automatic 
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writing capability range. (b) There is a distance c as a 
retreat distance for engagement of the engaging protu 
berances 35 of the slider 3 with the slider stopper 81. 

Further, the first resilient member 11 (having a bias 
ing force of say 10-12 g) is provided between the ejec 
tion lever 10 and the slider 3. It urges the slider 3 for 
ward in the interior of the slider and outside the cylin 
drical portion 101 of the ejection bar 10, and at the same 
time it urges backward the ejection bar 10 and the 
sleeve 4 located therebehind. 
The cylindrical portion 101 of the ejection bar 10 

extends long in the axial direction to cover the lead Sin 
as large an area as possible, thereby preventing the 
breakage of the lead and also preventing the entry of 
lead waste or broken lead into a lead chuck 51. It fur 
ther functions to retain the rear end of the lead feed 
mechanism 5 disposed within the sleeve 4. 
The lead feed mechanism 5 has a bisplit lead chuck 

51, balls 53 held by a ball holding portion 52 at the head 
of the lead chuck 51, a metallic cylinder 54 adapted to 
be fitted as necessary into the front end portion of the 
sleeve 4 and having a tapered inner wall 54a for holding 
the balls 53 between it and the ball holding portion 52, 
and a second resilient member 56 for clamping the 
chuck, the second resilient member 56 being disposed 
between a stepped inner wall portion 44 of the sleeve 4 
and a stepped retaining portion 55 of the lead chuck 51. 
The lead chuck 51 is formed of a forged or pressed 

sintered alloy, a molded metal obtained by die casting, 
or a synthetic resin molding obtained by compression molding. 

In this embodiment, as shown in FIGS. 1 and 14 to 
17, the lead chuck 51 is divided in two along the axis of 
a lead insertion hole 57 and comprises a pair of chuck 
members 51a and 51b each having a hemispherical sec 
tion. And it has the ball holding portion 52, the stepped 
retaining portion 55 provided at the rear portion, a 
cylindrical rear tapered portion 58 extending backward 
from the rear end of the stepped retaining portion 55 so 
that it is smaller in diameter on the rear end side, the lad 
insertion hole extending along the axis, an engaging 
concave portion 59, an engaging convex portion 510, 
and an open/close fulcrum protuberance 511. 
The engaging concave and convex portions 59 and 

510 are provided so that the engaging convex portion 
510 of one chuck member 51a may be engaged with the 
engaging concave portion 59 of the other chuck men 
ber 51b and the engaging convex portion 510 of the 
other chuck member 51b may be engaged with the 
engaging concave portion 59 of one chuck member 51a, 
whereby the chuck members 51a and 51b are prevented 
from axial deviation from each. 
The engaging concave and convex portions 59 and 

510 function as a fulcrum to bring the open/close full 
crum protuberances 511 of the chuck members 51a and 
51b into abutment with each other and let the chuck 
members perform a lever motion in the opening and 
closing directions, and also function as a spacer for 
forming a sufficient gap K (see FIG. 1) to ensure a 
smooth lever motion. 

If the length of each engaging concave portion 510 in 
the radial direction of the lead insertion hole 57 is made 
larger by a distance corresponding to the distance of the 
open/close fulcrum protuberance 511, it is possible to 
omit the open/close fulcrum protuberances 511. Even 
in this case it is possible to attain the spacer function to 
form the gap K. 

Further, on the front end side of the lead insertion 
hole 57 in the inner wall of the head portion of the lead 
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8 
chuck 51 there are provided lead holding holes 512 in a 
stepped shape of a smaller diameter. 
The lead holding holes 512 are semisplit holes formed 

centrally along the inner peripheral surfaces of the se 
misplit lead insertion holes 57 in the chuck members 51a 
and 51b. Their sectional shape is, for example, as shown 
in FIGS. 17 to 20. 
More specifically, the lead holding holes 512 are each 

formed in generally U shape in section larger in width 
on the chuck side for the lead S. On the inner surfaces 
of both sides of each lead holding hole 512 there are 
formed a plurality of tooth portions 511 at predeter 
mined intervals in their width direction. The tooth por 
tions 511, as shown in FIGS. 18 to 20, are in a tapered 
form which is sharper on the front end side. Respective 
front end faces 511a are narrow flat faces and respective 
root portions 513 are also flat. Further, the tooth por 
tions 511 form lead support portions 514 which support 
the outer periphery of the lead S at four points in an 
integrally assembled state of the chuck members 51a 
and 51b, 
The lead support portions 514 formed by the tooth 

portions 511 afford a sufficient lead gripping force to 
hold the lead to an appropriate extent. Besides, the 
construction adopted permits the escape of dust, wastes 
and the like, e.g. lead wastes, so there is no fear of lead 
wastes being accumulated throughout the pencil. Even 
if lead wastes or the like begin to accumulate, they will 
be removed naturally with movement of the lead such 
as lead feed motion. 

Consequently, there is attained an outstanding effect 
that there will be no lead slip even in frequent writing 
over a long period. 

Referring now to FIGS. 22 to 24, there are illustrated 
other examples of the chuck members 51a and 51b. 

In the example of FIG. 22, tooth portions are formed 
projectingly only in the vicinity of the lead support 
portions 514. 

In the example of FIG. 23, the tooth portions 511 of 
the lead holding holes 512 in the above example are 
removed and both ends of the open ends of the lead 
holding holes 512 serve as lead support portions 514. 

In the example of FIG. 24, the lead holding holes 512 
in FIG. 22 are formed in V shape in section. 

Therefore, also in the led holding holes 512 shown in 
FIGS. 22 to 24 there is attained about the same effect as 
in FIGS. 18 to 21. 

The lead holding holes 512 of the above examples 
may have other sectional shapes if only they can sup 
port the lead S at four points as described above. 
On the other hand, the balls 53 held by the head 

portion of the lead chuck 51, as shown in FIG. 1, are 
fitted in and held between the chuck head and the ta 
pered inner wall 54a of the metallic cylinder 54 pro 
vided at the front end portion of the sleeve 4. 
The metallic cylinder 54 ensures positive, durable and 

stable rolling contact and positive lead holding per 
formed by the lead chuck 51, and enhances durability. 
The metallic cylinder 54 is not always necessary. In 

normal use of the mechanical pencil, the metallic cylin 
der 54 may be omitted if the tapered inner wall 54ais 
formed at the inner surface of the front end of the sleeve 
4 in the form of rolling contact with the balls 53. 
Although the lead chuck 51 illustrated is a bisplit 

chuck, it may be divided in three or more segments, or 
may be even a single body. To prevent axial deviation, 
etc. of the lead chuck 51, the contact portion of the 
chuck members may be formed with engaging convex 
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and concave or deviation preventing notches. A part of 
the diameter of the lead chuck 51 closely resembles the 
inside diameter of the sleeve 4, and the rear end of the 
second resilient member 56 is positively retained by the 
stepped retaining portion 55 of the lead chuck 51, so 
vertical and transverse fluttering motions and devia 
tions of the lead chuck 51 are sure to be prevented. The 
ball holding portion 52 of the lead chuck 51 may be a 
mere hole for holding the balls 53, or it may receive the 
balls 53 therein to prevent drop-out of the balls. The 
balls 53 is rotatable in the ball holding portion 52. 
The second resilient member 56 has a biasing force 

weaker than that of the first resilient member 11. 
The stopper 6 provided on the rear end side of the 

sleeve 4 has a pair of upper and lower projections 61 as 
shown in FIG. 1 and it is fitted on the front end of the 
coupling 7 as previously noted. The stopper projections 
61 fulfill the following functions. GDIt is retained in 
abutment with the stopper projection retaining wall 
23d of the tip member 2 by a backward urging force of 
a third resilient member 12 to combine the tip member 
2, the sleeve 4 and the coupling 7 which are construgt 
ed each in the form of a block, into one unit-block. (2) 
At the time of rear end knock, it comes into sliding. 
engagement with the frictional sliding slots 42b and 
frictional stepped portions 43 of the sleeve 4 and moves 
the sleeve 4 forward by only a predetermined distance. 

Subsequent advance causes forward movement of 
only the stopper 6, coupling 7 and lead pipe 13 until 
abutment with the rear end portion of the lead chuck 
51, thereby pressing the chuck rear end to open the 
lead chuck 51. - --- - - - - - - - - - - - 

In the above normal operation, as shown in FIG. 1, 
there is a distanced between the front end of the stop 
per 6 and the abutting part of the lead chuck 51. 
The coupling 7 inserted in and engaged with the 

stopper 6 fulfills not only the function as a lead guide 
but also the function of connecting the lead pipe 13 
removably. It has a lead feed hole 71 having an inside 
diameter which permits only one lead S to pass there 
through, a chuck receiving hole 72 formed contigu 
ously to the rear end of the lead feed hole 71 and into 
which is removably inserted a chuck opening/closing 
mechanism 14 fitted in the front end of the lead pipe 13 
in this embodiment, a stepped fitting hole 74 of a large 
diameter contiguous to the rear end of the chuck receiv 
ing hole 72 and into which is inserted the front end side 
of the lead pipe 13 removably, and an engaging projec 
tion 75 projecting from the inner wall of the fitting hole 
74 to ensure the connection of the lead pipe 13. 
The front end of the lead pipe 13 is provided with the 

chuck opening/closing mechanism 14 as noted above. 
The chuck opening/closing mechanism 14 is described 
in detail in Japanese patent application No. 204692/86 
the pertinent part of which is set forth below as trans 
lated into the English language. 

In a lead cartridge opening and closing unit, outward 
engaging piece portions are provided on a chuck type 
opening and closing mechanism which is divided into 
sections in the diametrical direction and has inward 
elastic force and which is further disposed on the lead 
cartridge; the outward engaging piece portions moving 
inwardly against the inward elastic force along the 
diametrical direction thereof thereby to open lead con 
ducting holes in case of forcible insertion into and en 
gagement with a lead guide, whilst the outward engag 
ing piece portions being restored by means of the in 
ward elastic force to move outwardly along the diamet 
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10 
rical direction thereof thereby to close the lead con 
ducting holes in case of release for the forcible insertion 
and engagement. (Operation) 
When the outward engaging piece portions of the 

chuck type opening and closing mechanism are forcibly 
fitted in the lead guide, the outward engaging piece 
portions move inwardly along the diametrical direction 
thereof to be resiliently fitted to and engaged with the 
lead guide so that the lead conducting holes are opened, 
and on the other hand when the outward engaging 
piece portions are drawn out from the lead guide, these 
outward engaging piece portions are restored out 
wardly by means of the inward elastic force along the 
diametrical direction thereof so that the lead conduct 
ing holes are closed. 
Of course, the lead conducting hole opens even be 

fore the mechanism is forcedly inserted and engaged 
with the lead guide in case that the lead is held by the 
lead chuck and extruded from the lead guide. 

Between the coupling 7 and the tip member 2 is dis 
posed the third resilient member 12 through a resilient 
member receiving portion 15. The third resilient mem 
ber 12 fulfills Gl) a forward returning function for the 
sleeve 4, the lead feed mechanism 5 and the ejection bar 
10 at the time of front-end knock, a backward 
returning function for the coupling 7 and the lead pipe 
13 at the time of rear-end knock, and a exCSS 
writing pressure damping function in writing. And it 
has a relatively strong biasing force (e.g. 370-400 g). 
The resilient member receiving portion 15 which 

receives the front end side of the third resilient member 
12 comes into abutment on the front end side thereof 
with the rear end of the tip member 2 and that of the 
sleeve 4, whereby it is made possible for one third resil 
ient member 12 to fulfill the above three functions. 

In the abutment with the rear end of the sleeve 4 an 
inner wall hole 15a of the resilient member receiving 
portion 15 grippingly presses the rear end of the sleeve 
4 as shown in FIG. 1, so that the sleeve rear end is 
reduced in diameter. Thus, the rear end of the sleeve 4 
having slits 24 is made extremely strong. 
An urging force A of the first resilient member 11, a 

frictional force B of the friction imparting member 33 to 
the lead S, an engaging force C between the concave 
portion 93a of the drum ring 9 and the convex portion 
104 of the ejection lever 10, an engaging force D be 
tween the slider 3 and the slider stopper 81, and a grip 
ping force E of the lead chuck 51 for the lead S, are in 
the following relations: 

Gl) B>A If this relation is not satisfied in a later 
described front-end knock, there will occur lead slip 
between the friction imparting member 33 and the lead S. 

(2) C>D This is because, as previously noted, the 
slider 3 engaged with the slider stopper 81 is unlocked 
by pressing of the front end of the ejection bar 10. 

A>EThis is because at the time of performing a 
later-described front-end knock and so-called auto 
matic writing it is necessary that the lead Sbe drawn out 
forward from the chuck 51 by advance of the slider 3. 
The foregoing distances a to d are in the relation of 

d) a) cob. 
The following is an explanation about assembling of 

the mechanical pencil of the invention. 
First, the lead feed mechanism 5 is mounted into the 

sleeve 4. More particularly, the chuck members 51a and 
51b are assembled together and the second resilient 
member 56 is loosely fitted over the outer periphery of 
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the assembled chuck. On the other hand, the metallic 
cylinder 54 is press-fitted beforehand along the inner 
wall of the front end portion of the sleeve 4. Then, the 
chuck members 51a and 51b with the second resilient 
member 56 loosely fitted thereon are inserted from the 
rear into the sleeve 4. Next, the chuck members 51a and 
51b are pressed from the rear to compress the second 
resilient member 56 and the balls 53 are inserted in the 
ball holding portion 52 of the chuck members 51a and 
52b, followed by release of the pressure, whereby the 
balls 53 are sure to be set in the ball holding portion 52. 
Thereafter, the drum ring 9 is press-fitted into the front 
end of the sleeve 4. In this case, the ejection bar 10 with 
the first resilient member 11 engaged therewith is re 
ceived beforehand into the drum ring 9. 
By such a series of assembling operations, the sleeve 

4, the lead feed mechanism 5, the drum ring 9, the ejec 
tion bar 10 and the first resilient member 11 are assen 
bled as a block. 
On the other hand, the slider receiving portion 8 and 

the slider 3 are mounted and set beforehand into the tip 
member 2 to obtain a block of the tip member. 

Further, the third resilient member 12 and the resil 
ient member 15 are set to the coupling 7 and lastly the 
stopper 6 is brought into engagement with the same 
coupling to obtain a block. Urging force is exerted on 
the stopper 6 by virtue of the third resilient member 12 
through the coupling fitted in the stopper and also 
through the resilient member receiving portion 15. 

Explanation will now be made about the operation 
for arranging the components except the shell 1, 
namely, the tip member 2, the sleeve 4 and the coupling 
7 each available now as a block, into a unit. In this 
unitizing operation, first the sleeve 4 as a block is in 
serted from the rear end of the tip member 2 now also 
available as a block. As a result, the projections 41 of 
the sleeve 4 are brought into engagement with the 
sleeve projection sliding slots 23a of the tip member 2 as 
shown in FIG. 1, and the paired sliding slots 23 of the 
tip member 2 and the paired sliding slots 42 of the sleeve 
4 are located in constant positions. 
Then, the coupling 7 now available as a block is in 

serted from the rear end of the tip member 2 and that of 
the sleeve 4. This insertion is performed so that the 
stopper projections 61 of the stopper 6 on the front end 
side of the coupling 7 come into engagement with the 
interior of the sliding slots 23 of the tip member 2 and 
that of the sliding slots 42 of the sleeve 4. 

Since the stopper 3 is urged by the third resilient 
member 12 as noted above, rear wall portions 61a of the 
stopper projections 61 are pressed and retained by the 
stopper projection retaining walls 23d of the sliding 
slots 23 of the tip member 2, as shown in FIG. 1, 
whereby the tip member 2, the sleeve 4 and the cou 
pling 7 now each available as a block are unitized and 
can be handled as a single unit block. 

Lastly, this unit blockis inserted from the front end of 
the shell 1 and the lead pipe 13 inserted into the cou 
pling 7 from the rear end of the shell. Now the assembly 
of the mechanical pencil is over. 
The following is an explanation about the lead feed 

operation in the present invention. 
The lead feed operation can be performed by the 

following three methods. 
(1) As the first means, which is normal means, the 

feed of lead is effected by knocking the rear end of the 
lead pipe 13. 
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More specifically, when the rear end of the lead pipe 

13 is knocked in the state of FIG. 1, the coupling 7 
moves forward while compressing the third resilient 
member 12. In this case, since the stopper 6 at the front 
end of the coupling 7 is retained by the frictional force 
of the frictional stepped portions 43 of the frictional 
sliding slots 42b of the sleeve 4, the whole of the sleeve 
4 now available as a block, namely, the sleeve 4, lead 
feed mechanism 5, drum ring 9 and ejection bar 10, 
move forward together with the coupling 7 until when 
the frontend of the drum ring 9 abuts the rear end of the 
slider receiving portion 8. These components together 
advance the distance b between the front end of the 
drum ring 9 and the slider receiving portion 8. The 
distance b corresponds to the lead feed quantity. The 
lead pipe 13, the coupling 7 and the stopper 6 are further 
pressed forward and the stopper projections 61 get over 
the frictional stepped portions 43 of the sleeve 4. Only 
the stopper 6, coupling 7 and lead pipe 13 advance. 
Then, the front end of the stopper 6 urges the rear end 
portion of the lead chuck 51 forward to release the 
holding of the lead S. The normal feed of the lead is 
performed by repeating the above operations. 

(2) As the second means, writing is discontinued to 
thereby permit an automatic lead feed operation. 
More specifically, writing is normally performed in a 

projecting state of the lead S by a predetermined dis 
tance X from the slide pipe 32 as shown in FIG. 25. 
With writing, the lead S wears gradually and becomes 
flush with the front end of the slide pipe 32 as shown in 
FIG. 26. Even in this state the slider 3 can move back 
against the urging force of the first resilient member 11; 
further, it can retreat the greatest distance, namely, the 
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distance to the abutment with the front end 104a of the 
convex portion of the ejection bar 10, which distance 
corresponds to the retreat distance b shown in FIGS. 1 
and 26. 
A very long time of writing is required for the abra 

sion loss of the lead Sby writing to become correspond 
ing to the retreat distance b. For example, in writing one 
Chinese character on wood free paper with a mechani 
cal HB pencil having a lead diameter of 0.5 mm at a 
writing pressure of an ordinary adult, the lead abrasion 
loss is only about 0.01 mm. Therefore, it is usually im 
possible that writing will be continued until the slider 
retreats the distance b. The writing will surely be dis 
continued halfway, for example to take a rest. For ex 
ample, it is here assumed that the writing was discontin 
ued in the state shown in FIG. 27 and the front end of 
the slide pipe 32 was moved away from the paper sur 
face. As a result, the slider 3 moves forward under the 
biasing force of the resilient member 11 and the lead S 
is pulled in the advancing direction together with the 
slider 3 by a predetermined frictional force exerted 
thereon from the friction imparting member 20. On the 
other hand, since the clamping force of the lead chuck 
which grips the lead S is provided by the second resil 
ient member 56 weaker than the first resilient member 
11, the above pulling force in the forward direction of 
the lead S causes compression, allowing advance of the 
entire lead chuck 51. As the head portion of the lead 
chuck 51 moves forward under rolling contact of the 
balls 53 with the tapered inner wall 54a of the metallic 
cylinder 54, the lead gripping force of the lead chuck 51 
becomes weaker, whereby the lead S is fed out. 
Through a series of these operations the mechanical 
pencil again reverts to the state of FIG. 25 and thus the 
lead feed operation is performed automatically. Now, 



4,884,910 
13 

writing can be done continuously to the maximum ex 
tent, that is, up to the retreat distance b of the slider 3. 

(3) As the third means, the lead can be fed out by 
front-end knock of pressing the front end of the slider 3 
against the paper surface. The front-end knock involves 
the following two cases, which are different in opera 
tion so will be explained separately. 

(a) The first type of front-end knock is performed 
when the lead S is not projecting from the front end of 
the slide pipe 32 as shown in FIG. 26. By the front-end 
knock there is obtained the state of FIG. 25 OX=b) in 
which the lead S is projecting by only the length corre 
sponding to the distance b from the slide pipe 32. 
More particularly, as a result of the front-end knock, 
the slider 3 is moved back by the pressing reaction 

from the paper surface, and (2) the sleeve as a block (i.e., 
sleeve 4, lead feed mechanism.5, drumring 9, ejection bar 
10) and the resilient member receiving portion 15 also 
retreat against the urging force of the third resilient 
member 12 and the frictional force created between the 
stopper projections 61 and the sleeve 4. This is because 
the entire sleeve as a block and the resilient member 
receiving portion 15 undergo an external force acting in 
the backward direction as a result of retreat of the lead 
chuck 51 in a gripping state for the lead S. Since the 
amount of retreat of the slider 3 and that of the sleeve as 
a block and the resilient member receiving portion 15 
are the same and because of the distance relation a <d, 
the amount of retreat in question corresponds to the 
maximum retreatable distance a of the sleeve 4 (that is, 
the distance at which the sleeve projections 41 are re 
stricted their retreat by the sleeve retreat restricting 
stepped portion 23c) as shown in FIG. 1. 
On the other hand, in the retreat of the slider 3 there 

exists the relation didac among the distances d, a and 
c, so in the course of backward movement by the dis 
tance a which is the maximum retreat distance as men 
tioned above, the engaging protuberances 35 of the 
slider body 31 get over the slider stopper 81 of the slider 
receiving portion 8 and thereafter the rear end of the 
slider body 31 projects from the rear end of the slider 
receiving portion 8 as shown in FIG. 28. 
Between the rear end of the slider body 31 and the 

front end 104f convex portion of the ejection bar 10 
there is maintained the distance b as shown in FIG. 28 
because the slider 3 and the sleeve 4 as a block retreat 
integrally as described above. 

Next, when the slider 3 is moved away from the 
slider-pressed paper surface, the sleeve 4 as a block and 
the resilient member receiving portion 15 move forward 
until the front end of the resilient member receiving 
portion 15 abuts the rear end of the tip member 2 by 
virtue of the urging force of the third resilient member 
12. During this forward movement, the lead chuck 51 
holds the lead Sgrippingly. Further, since the forward 
urging force of the third resilient member 12 is set larger 
than the rearward urging force of the first resilient 
member 11 plus the frictional force developed between 
the stopper projections 61 and the frictional stepped 
portions 43, the above forward movement is effected 
against those opposite external forces. 
On the other hand, the slider 3 moves forward under 

the forward urging force of the first resilient member 
11, but as shown in FIG. 28 it is stopped (locked) tem 
porarily by the engaging protuberances 35 of the slider 
body 31 engaged with the slider stopper 81 of the slider 
receiving portion 8. Even during this temporary stop of 
the slider 3, the lead feed mechanism 5 moves forward 
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14 
while gripping the lead Sas described above, so the lead 
S advances with respect to the slider 3 until the front 
end 104a of the convex portion of the ejection bar 10 
retained by the concave portion 93a which is for retain 
ing the advanced position of the drum ring 9, comes into 
abutment with the rear end of the slider body 31 to 
release (unlock) the foregoing temporary stop. The 
amount of this forward movement is equal to the dis 
tance b. 

Therefore, by this first front-end knock there is ob 
tained the state of FIG. 25 (X=b) in which the lead S is 
projecting by the length b from the front end of the slide 
pipe 32. 

(b) Next, the second front-end knock is performed in 
a projecting state of the lead S from the front end of the 
slide pipe 32, as shown in FIG. 25. 

In this case, if there is the relation of Xs distance a - 
distance c between the amount of projection X and the 
distance a - distance c, the lead S is projecting by the 
length of X--b from the slide pipe 32. 
For ease of understanding, explanation will now be 

made under the substitution of concrete numerical val 
ues. For example, it is assumed that b=0.8 mm, c = 1.3 
mm, a=1.7 mm and X=0.3 mm (<a-d=0.4 mm). If 
front-end knock is performed in this state, the sleeve 4 
as a block and the resilient member receiving portion 15 
retreat together with the lead S up to the retreat dis 
tance X corresponding to the amount of projection 
from the front end of the slide pipe 3 against the urging 
force of the third resilient member 12 and the frictional 
force between the stopper projections 61 and the fric 
tional stepped portions 43. 

Thereafter, the slider 3 moves back together with the 
sleeve 4 as a block and the resilient member receiving 
portion 15 in the same manner as, in the first front-end 
knock. Thus, the sleeve 4 as a block is larger in the 
amount of retreat by X=0.3 mm in comparison with the 
slider 3. In other words, the slider 3 can move back a 
distance of only a-X=1.7 mm-0.3 mm=1.4 mm in 
relation to the sleeve 4 whose retreat is restricted by the 
sleeve retreat restricting stepped portions 23c. In the 
course of this backward movement, the engaging protu 
berances 35 of the slider 3 get over the slider stopper 81 
of the slider receiving portion 8. 

Since the amount of retreat of the sleeve 4 as a block 
is larger by X=0.3 mm than that of the slider 3 as men 
tioned above, the distance between the front end 104a 
of the convex portion of the ejection bar 10 and the rear 
end of the slider body 31 becomes b--X. 

Next, when the slider 3 is moved away from the 
slider-pressed paper surface, the sleeve 4 as a block 
advances while gripping the lead S in the same manner 
as in the above first front-end knock. 
On the other hand, the slider 3 is stopped (locked) 

temporarily by the slider stopper 81 engaged with the 
engaging protuberances 35. 

Thereafter, the lead S is projected with respect to the 
slider 3 in just the same manner as in the first front-end 
knock. That is, since the lead feed mechanism 5 ad 
vances while gripping the lead Seven during the tem 
porary stop of the slider 3, the lead S advances with 
respect to the slider 3 until the front end 104a of the 
convex portion of the ejection bar 10 abuts the rear end 
of the slider body 31 to release (unlock) the above tem 
porary stop. The amount of this forward movement is 
equal to b--X as mentioned above. 

Thus, as a result of the second front-end knock the 
mechanical pencil reverts to the state shown in FIG. 25 
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in which the lead S is projecting by the length of X--b 
from the front end of the slide pipe 32. 
On the other hand, in the case of X) a-c=0.4 mm, 

the slider 3 is prevented from retreating to the position 
of engagement with the slider stopper 81 by the sleeve 
4 whose retreat is restricted by the sleeve retreat re 
stricting stepped portions 23c. Consequently, the tem 
porary stopped state of the slider 3 in engagement with 
the slider stopper 81 of the slider receiving portion 8 
cannot occur, so the above adjustment of the amount of 
projection is not performed. That is, no matter how 
many times the front-end knock is repeated, it is a mere 
repetition of front-end knock not involving the feed of 
lead, so the lead S is kept projecting without change in 
its projecting length X. 
The above three types of lead feed operations can be 

performed. During writing, the sleeve 4 as a block, 
including the lead feed mechanism 5 which grips the 
lead S, and the resilient member receiving portion 15, 
are urged forward by the third resilient member 12. 
Therefore, if excess writing pressure should act on the 
lead S during writing, the sleeve 4 as a block and the 
resilient member receiving portion 15 retreat while 
compressing the third resilient member 12. Thus, this 
mechanical pencil has an excess writing pressure damp 
ing function. 

Explanation will be made below about the locking 
and stowing operation for the slider 3 in the mechanical 
pencil of the present invention with reference to FIGS. 
1 and 29. 

In an unlocked state of the slider 3, the rear end of the 
lead pipe 13 is knocked (in this case the lead chuck 51 
opens to release the lead S and hence the sleeve 4 as a 
block is not in its rear position unlike the above front 
end knock) and the slide pipe 32 is pressed against the 
surface of paper or the like, so that the slider 3 retreats 
while compressing the first resilient member 11. In the 
course of this backward movement, the rear end of the 
slider 3 pushes the ejection bar 10 backward. The press 
ing force of the slider 3 against the paper surface is 
larger than the engaging force between the convex 
portion 104 of the ejection bar 10 and the concave por 
tion 93a of the drum ring 9, and the forward biasing 
force of the third resilient member 12 is larger than the 
said engaging force, so the ejection bar 10 alone is 
pushed backward and, as shown in FIG. 29, the convex 
portion 104 of the ejection bar 10 comes into engage 
ment with the retreat-position retaining concave por 
tion 93b of the drum ring 9 and is retained in its re 
treated position. 
By such backward movement of the ejection bar 10 

there is ensured a receptable portion serving as a locked 
stowing space for the slider 3. As a result, when the 
slider 3 is stowed in a locked state, only an extremely 
small part of the slide pipe 32 projects from the front 
end of the tip member 2. Thus, an efficient locking and 
stowing operation for the slider 3 can be effected. 
The following is an explanation about the operation 

for releasing the locked stow of the slider 3 and for the 
feed of lead. 

It is only rear-end knock that is required for the oper 
ation just mentioned above. Upon knocking of the rear 
end, the sleeve 4 and the lead feed mechanism 5 advance 
together and the rear end of the slider 3 is pressed for 
ward strongly by the front end 104a of the convex 
portion of the ejection bar 10 to release the engagement 
between the engaging protuberance 35 of the slider 3 
and the slider stopper 81 (release the locked stow). At 
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16 
the same time, the lead is fed by rear-end knock. There 
after, the slider 3 is returned to the state of FIG. 25 by 
the first resilient member 11, now ready for writing. 
The front end 104a of the convex portion of the ejection 
bar 10 is also pushed by the front end of the lead chuck 
51 and is thereby moved forward to the concave por 
tion 93a on the front side of the drum ring 9 as shown in 
FIG. 25. 
The following description is now provided about a 

second embodiment of the present invention. 
In the first embodiment described above, the ejection 

bar 10 is retained movably to the two predetermined 
positions of advanced and retreated positions by the 
two retaining concave portions 93a and 93b within the 
drum ring 9, and it is made slidable within the drum 
ring; further, three types of lead feed operations can be 
adopted and it is made possible to effect locked stow of 
the slider 3. 

In the second embodiment of the invention, the ejec 
tion bar 10 is fixed to the position of the advanced-posi 
tion retaining concave portion 93a in the drum ring 9, or 
in this position the ejection bar 10 and the drum ring 9 
are integrally formed. In this second embodiment, 
therefore, it is impossible to effect the locked stow of 
the slider 3, but the lead feed operation and other opera 
tions are just the same as in the first embodiment. 

FIG. 30 illustrates a third embodiment in which the 
coupling 7 and the lead pipe 13 are integrally formed. 

In the first embodiment, though not shown, the chuck 
opening/closing mechanism 14 at the front end of the 
lead pipe 13 may be omitted and instead the front end of 
the lead pipe 13 may be removably attached to or press 
fitted into the coupling 7 directly. 

Referring now to FIG. 31, there is illustrated a fourth 
embodiment of the present invention, in which the tip 
member 2 is formed as a bisplit body comprising a tip 
member body 2A and a connecting cylinder 2B. The 
connecting cylinder 2B is provided on the front end side 
thereof with a tip member connecting portion 21B1 and 
a shell connecting portion 21B2. Contiguous to the rear 
end of the shell connecting portion 21B2 is a rear cylin 
drical portion 22B having the same structure as the rear 
cylindrical portion 22 described in the embodiment of 
FIG. 1. That is, the rear cylindrical portion 22B has the 
paired sliding slots 23 and slits 24 shown in FIGS. 1 to 
5. And the paired sliding slots 23 are each provided with 
a sleeve projection sliding slot 23a, a stopper projection 
sliding slot 23b and a sleeve retreat restricting stepped 
portion 23c. 

Further, a slide tip 32A formed, for example, by turn 
ery and having a diameter larger than that of the slide 
pipe 32 of the slider 3 shown in FIG. 1 is fitted in the 
front end of the slider body 31. 
According to the first, third and fourth embodiments 

of the present invention, as set forth hereinabove, the 
components of the mechanical pencil other than the 
shell are constructed in the unit of blocks whereby the 
assembling work, etc. can be simplified, the number of 
components required is reduced, and the components 
can be used efficiently for various purposes. Moreover, 
since the lead is covered with components such as the 
ejection bar at all times, it is possible to prevent break 
age of the lead, etc. and attain the stabilization of qual 
ity. Further, three types of lead feed operations can be 
done; the slider locking and stowing operation and the 
release of the locked stow can be effected easily; and 
there does not occur such an inconvenience as the lead 
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being fed out inadvertently while one carries it with 
him. 
The following description is now provided about a 

mechanical pencil according to a fifth embodiment of 
the present invention having a lead stopper capable of 
undergoing elastic deformation in the radial direction in 
an assembled state. 
As shown in FIG. 32, a friction imparting member 33 

which constitutes a lead stopper is obtained by forming 
rubber or synthetic resin integrally into a cylindrical 
shape like known ones. The friction imparting member 
33 has an annular recess 33A formed along the central 
part of its outer peripheral surface. 

It also has a lead insertion hole 33B extending 
through the center thereof to impart a predetermined 
frictional force to the lead S. The lead insertion hole 
33B is coaxially formed with a front tapered hole 33C 
having a larger diameter on the front end side thereof 
and a rear tapered hole 33D having a larger diameter on 
the rear end side thereof. 

Thus, in the friction imparting member 33, the front 
and rear ends on both sides of the recess 33A are of the 
same outside diameter, presenting a shape having no 
axial directionality. 
The friction imparting member 33 of the above con 

struction can be formed easily because it has no direc 
tionality as mentioned above. Besides, it can be easily 
mounted into the mechanical pencil shown in FIG. 34 
or 35. 
More specifically, in the case of the mechanical pen 

cil shown in FIG. 34, the friction imparting member 33 
is press-fitted into the tip member 2 of the mechanical 
pencil, while in the case of FIG.35, the friction impart 
ing member 33 is press-fitted into the slider 3 which is 
axially slidable within the tip member 2. 

In such an assembled state, the front and rear outer 
peripheral surfaces except the recess 33A of the friction 
imparting member 33 are held in gap-free frictional 
engagement with the inner peripheral surface of the tip 
member 2 in the case of FIG. 34 or with the inner pe 
ripheral surface of the slider 3 in the case of FIG. 35. 
And in both cases, an annular gap portion is formed 
between the inner peripheral surface of the tip member 
2 or of the slider 3 and the recess 33A. 

Therefore, the friction imparting member 33 in the 
above assembled state can be deformed elastically in the 
diameter expanding direction through the recess 33A 
thereof, so its expansion which occurs upon insertion of 
the lead S into the lead insertion hole 33B due to axial 
and radial variations of the tip member 2 or the slider 3, 
variations in the lead diameter, or radial variations of 
the friction imparting member 33 itself, can be absorbed 
by elastic deformation in the diameter expanding direc 
tion of the recess 33A. 
Thus, by absorbing the above variations through the 

recess 33A of the lead stopper there can be attained an 
outstanding effect particularly when this structure is 
applied to, for example, the slider of an automatic me 
chanical pencil disclosed in Japanese patent application 
No. 57491/86 filed previously by the applicant in the 
present case. 

In the mechanical pencil of the above prior applica 
tion, the feed of lead is conducted automatically upon 
release of the writing pressure of the slider from the 
surface of paper or the like and, for such automatic lead 
feed upon release of the writing pressure, a lead grip 
ping lead chuck permits easy advance of the lead but 
inhibits its retreat. Since friction imparting force of the 
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friction imparting member for the lead during advance 
of the lead and that during retreat of the lead are differ 
ent from each other, the feed of the lead can be effected 
smoothly and positively by using the above lead stopper 
as the friction imparting member. 

Thus, according to the fifth embodiment, the lead 
stopper for imparting a predetermined frictional force 
to the lead to be fed out of the mechanical pencil is 
formed in a cylindrical shape having the same outside. 
diameter throughout the overall length thereof, and a 
recess is formed along the central part of the outer 
peripheral surface of the lead stopper. Consequently, 
axial and radial variations of the tip member or the 
slider of the mechanical pencil attached to the lead 
stopper, as well as variations of the lead stopper itself, 
can be absorbed by the above recess. Besides, since the 
lead stopper has no directionality, it can be formed and 
mounted easily. . 

Referring now to FIG. 36, there is illustrated a me 
chanical pencil in section according to a sixth embodi 
ment of the present invention. Portions different from 
the foregoing first embodiment will be explained. In this 
sixth embodiment, slider 3, drum ring 9 and ejection bar 
10 are slightly different in construction from those de 
scribed in the first embodiment. More specifically, 
FIGS. 37 to 39 illustrate a structure of the slider 3, in 
which the numeral 36 denotes an engaging recess which 
comes into engagement with a front-end engaging por 
tion 96 (FIG. 40) of the drum ring 9 at the time of lock 
ing and stowing of the slider 3, and the numeral 36a 
denotes an inclined surface. The engaging recess 36 and 
the inclined surface 36a formed as portions of each 
engaging piece 34 of the slider 3. 

In addition to the two functions explained in the first 
embodiment, the drum ring 9 has a further function of 
receiving in its receptacle portion 9a the vicinity of the 
rear end of the slider 3 at the time of locking and stow 
ing of the slider and engaging the slider through the 
engaging recesses 36. As shown in FIG. 40, the numeral 
94 denotes a stepped inner wall portion to restrict the 
backward movement of the ejection bar 10 and the 
numeral 95 denotes a front end wall portion. As will be 
described later, the front end wall portion 95 (1) 
functions to push and abut the rear end of the slider 3 at 
the time of front-end knock to release the knock and 

also functions to release the locked stowing of the 
slider 3. Numeral 96 represents the front-end engaging 
portion as referred to above. 
Between the front end (front end wall portion) 95 of 

the drum ring 9 and the rear end of the slider receiving 
portion 8 there is a distance e which corresponds to the 
lead feed quantity at the time of rear- and front-end 
knock as well as an automatic writing continuable dis 
tance. 

The ejection bar 10, as shown in FIG. 41, has an outer 
peripheral wall portion 104 received movably along the 
inner wall portion 93 of the drum ring 9, and a rear 
stepped portion 105 positioned behind the outer periph 
eral wall portion 104 and adapted to abut the stepped 
inner wall portion 94 of the drum ring 9 to restrict the 
backward movement, in addition to the bar body 100, 
cylindrical portion 101, lead insertion hole 102 and the 
retaining portion 103 which were explained in the first 
embodiment. Numeral 106 denotes a front end wall 
portion. 

In this embodiment, moreover, the urging force A of 
the first resilient member 11, the frictional force B of the 
friction imparting member 33 to the lead S, and the 
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gripping force C of the lead chuck 51 for the lead S, are 
in the following relations. 
GD BYA If this relation is not satisfied at the time of 

front-end knock as will be described later, there will 
occur lead slip between the friction imparting member 5 
33 and the lead S. 
(2) As CThis is because it is necessary to pullout the 

lead S forward from the lead chuck 51 with advance of 
the slider 3 at the time of later-described front-end 
knock and so-called automatic writing. 
Among the foregoing distances a, c and d there is the 

relation of dead c. 
In FIG. 39, any one pair of two pairs of opposed 

engaging protuberances 35 may be omitted. 
The assembling operation for the mechanical pencil 

of this sixth embodiment is the same as that described in 
the first embodiment. 
The lead feed operation is also the same as in the first 

embodiment; that is, three types of lead feed operations 
can be performed which are rear-end knock, automatic 
lead feed by interruption of writing, and front-end 
knock. 
The rear-end knock is just the same as in the first 

embodiment, but the automatic lead feed as the second 
means and the front-end knock as the third means are 
performed at the front end of the drum ring 9 unlike the 
first embodiment, so this point will be explained below. 
The automatic lead feed operation, which is per 

formed by the interruption of writing, will first be ex 
plained. 

Writing is usually performed in a projecting state of 
the lead S by a predetermined amount X from the slide 
tip 32A, as shown in FIG. 42(A). As writing proceeds, 
the lead Swears little by little until it become flush with 
the front end of the slide tip 32A, as shown in FIG. 35 
42(B). Even in this state, the slider 3 can retreat against 
the urging force of the first resilient member 11. Its 
maximum retreatable distance is up to abutment with 
the front end wall portion 95 of the drum ring 9, that is, 
up to the retreat distance e shown in FIGS. 1, 42(B) and 
42(C). Other operations are the same as in the first en 
bodiment so will not be explained here. 

Explanation will now be made about the lead feed 
operation using front-end knock as the third means 
whereby the front end of the slider 3 is pressed against 
the paper surface. Like the first embodiment, the front 
end knock involves the following two cases, which are 
different in operation so will be explained separately. 

(a) The first type of front-end knock is performed in 
a state wherein the lead S is not projecting from the 50 
front end of the slide tip 32A, as shown in FIG. 42(B). 
By front-end knock there is obtained the state of FIG. 
42(A) (X=e) wherein the lead S is projecting a length 
equal to the distance e from the slide tip 32A. 
More specifically, when front-end knock is per- 55 

formed, the slider 3 is moved back by the pushing 
reaction from the paper surface, and (2) the sleeve as a 
block (i.e., sleeve 4, lead feed mechanism.5, drum ring 9, 
ejection bar 10) and the resilient member receiving 
portion 15 also retreat against the urging force of the 60 
third resilient member 12 and the frictional force created 
between the stopper projections 61 and the frictional 
stepped portions 43 of the sleeve 4. This is because the 
entire sleeve as a block and the resilient member receiv 
ing portion 15 undergo an external force acting in the 
backward direction as a result of retreat of the lead 
chuck 51 in a gripping state for the lead S. Since the 
amount of retreat of the slider 3 and that of the sleeve as 
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a block and the resilient member receiving portion 15 
are the same and because of the distance relation a <d, 
the amount of retreat in question corresponds to the 
maximum retreatable distance a of the sleeve 4 (that is, 
the distance at which the sleeve projections 41 are re 
stricted their retreat by the sleeve retreat restricting 
stepped portion 23c) as shown in FIG. 1. 
On the other hand, in the retreat of the slider 3 there 

exists the relation d>ad c among the distances d, a and 
c, so in the course of backward movement by the dis 
tance a which is the maximum retreat distance as men 
tioned above, the engaging protuberances 35 of the 
slider body 31 get over the slider stopper 81 of the slider 
receiving portion 8 and thereafter the rear end of the 
slider body 31 projects from the rear end of the slider 
receiving portion 8 as shown in FIG. 42(D). 
Between the rear end of the slider body 31 and the 

front end (front end wall portion) 95 of the drum ring 9 
there is maintained the distance e as shown in FIG. 
42(D) because the slider 3 and the sleeve 4 as a block 
retreat integrally as described above. 

Next, when the slider 3 is moved away from the 
slider-pressed paper surface, the sleeve 4 as a block and 
the resilient member receiving portion 15 move forward 
until the front end of the resilient member receiving 
portion 15 abuts the rear end of the tip member 2 by 
virtue of the urging force of the third resilient member 
12. During this forward movement, the lead chuck 51 
holds the lead S grippingly. Further, since the forward 
urging force of the third resilient member 12 is set larger 
than the rear urging force of the first resilient member 
11 plus the frictional force developed between the stop 
per projections 61 and the frictional stepped portions 
43, the above forward movement is effected against 
those opposite external forces. 
On the other hand, the slider 3 moves forward under 

the forward urging force of the first resilient member 
11, but as shown in FIG. 42(D), it is stopped (locked) 
temporarily by the engaging protuberances 35 of the 
slider body 31 engaged with the slider stopper 81 of the 
slider receiving portion 8. Even during this temporary 
stop of the slider 3, the lead feed mechanism 5 moves 
forward while gripping the lead S as described above, 
so the lead S advances with respect to the slider 3 until 
the front end wall portion 95 of the drum ring 9 abuts 
the rear end of the slider body 31 to release (unlock) the 
foregoing temporary stop. The amount of this forward 
movement is equal to the distance e. 

Threfore, by this first front-end knock there is ob 
tained the state of FIG. 42(A) (X =e) in which the lead 
S is projecting by the length c from the front end of the 
slide tip 32A. 

(b) Next, the second front-end knock is performed in 
a projecting state of the lead S from the front end of the 
slide tip 32A, as shown in FIG. 42(A). 

In this case, if there is the relation of XS distance a - 
distance c between the amount of projection X and the 
distance a - distance c, the lead S is projecting by the 
length of X-e from the slide tip 32A. 
For ease of understanding, explanation will now be 

made under the substitution of concrete numerical val 
ues. For example, it is assumed that e=0.8 mm, c = 1.3 
mm, as 1.7 mm and X=0.3 mm (<a-d=0.4 mm). If 
front-end knock is performed in this state, the sleeve 4 
as a block and the resilient member receiving portion 15 
retreat together with the lead S up to the retreat dis 
tance X corresponding to the amount of projection 
from the frontend of the slide tip 32A against the urging 



4,884,910 
21 

force of the third resilient member 12 and the frictional 
force between the stopper projections 61 and the fric 
tional stepped portions 43. 

Thereafter, the slider 3 moves back together with the 
sleeve 4 as a block and the resilient member receiving 5 
portion 15 in the same manner as in the first front-end 
knock. Thus, the sleeve 4 as a block is larger in the 
amount of retreat by X=0.3 mm in comparison with the 
slider 3. In other words, the slider 3 can move back a 
distance of only a-X=1.7 mm-0.3 mm=1.4 mm in 
relation to the sleeve 4 whose retreat is restricted by the 
sleeve retreat restricting stepped portions 23c. In the 
course of this backward movement, the engaging protu 
berances 35 of the slider 3 get over the slider stopper 81 
of the slider receiving portion 8. 

Since the amount of retreat of the sleeve 4 as a block 
larger by X=0.3 mm than that of the slider 3 as men 
tioned above, the distance between the front end wall 
portion 95 of the drum ring 9 and the rear end of the 
slider body 31 becomes e--X. 

Next, when the slider 3 is moved away from the 
slider-pressed paper surface, the sleeve 4 as a block 
advances while gripping the lead S in the same manner 
as in the above first front-end knock. 
On the other hand, the slider 3 is stopped temporarily 

by the slider stopper 81 engaged with the engaging 
protuberances 35. w 

Thereafter, the lead S is projected with respect to the 
slider 3 in just the same manner as in the first front-end 
knock. That is, since the lead feed mechanism 5 ad 
vances while gripping the lead Seven during the tem 
porary stop (locked state) of the slider 3, the lead S 
advances with respect to the slider 3 until the front end 
wall portion 95 of the drum ring 9 abuts the rear end of 35 
the slider body 31 to release (unlock) the foregoing 
temporary stop. The amount of this forward movement 
is equal to e --X. 
Thus, as a result of the second front-end knock the 

mechanical pencil reverts to the state shown in FIG. 40 
42(A) in which the lead S is projecting by the length of 
X-e from the front end of the slide tip 32A. 
On the other hand, in the case of Xida-c=0.4 mm, 

the slider 3 is prevented from retreating to the position 
of engagement with the slider stopper 81 by the sleeve 
4 whose retreat is restricted by the sleeve retreat re 
stricting stepped portions 23c. Consequently, the tem 
porary stopped state of the slider 3 in engagement with 
the slider stopper 81 of the slider receiving portion 8 
cannot occur, so the above adjustment of the amount of 
projection is not performed. That is, no matter how 
many times the front-end knock is repeated, it is a mere 
repetition of front-end knock not involving the feed of 
lead, so the lead S is kept projecting without change in is 
its projecting length X. 

In this embodiment, as described above, the engage 
ment of the slider 3 with the slider receiving portion 8 
is released by pressure abutment of the front end wall 
portion 95 of the drum ring 9 with the slider 3, so the 
front-end knock is ensured if slide pipe 32 is projecting 
from the tip member 2. 

Further, if excess writing pressure should act on the 
lead S during writing, the sleeve 4 as a block and the 
resilient member receiving portion 15 retreat while 65 
compressing the third resilient member 12. Thus, this 
mechanical pencil has an excess writing pressure damp 
ing function like the first embodiment. 
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11. In the course of this backward movement, the 
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The following description is now provided about the 

locking and stowing operation for the slider 3 with 
reference to FIGS. 36 and 42(E). 

In an unlocked state of the slider 3, the rear end of the 
lead pipe 13 is knocked (rear-end knock) (in this case the 
lead chuck 51 opens to release the lead Sand hence the 
sleeve 4 as a block is not in its rear position unlike the 
above front-end knock) and the slide pipe 32 is pressed 
against the surface of paper or the like, so that the slider 
3 retreats while compressing the first resilient 

slider 3 is engaged with the slider stopper 81 the 
vicinity of its rear end portion is received into the drum 
ring 9 and is engaged with the front-end engaging 
portion 96 of the drum ring 9. 
The normal lead feed described above is performed 

by the above rear-end knock. In the last stage thereof, 
the front end of the lead chuck 51 pushes the ejection 
bar 10, causing it to move forward. As a result, the slits 
92 of the drum ring 9 are expanded to enlarge the open 
ing area of the front end portion of the drum ring 9, thus 
affording a receptacle portion as a slider receiving 
space. Consequently, the vicinity of the rear end portion 
of the retreating slider 3 can be received smoothly into 
the receptacle portion 9a of the drum ring 9. 
By such stowing of the slider 3 into the drum ring 9 

there is ensured a receptacle portion 9a serving as a 
locked stowing space for the slider 3. As a result, when 
the slider 3 is stowed in a locked state, only an ex 
tremely small part of the slide pipe 32 projects from the 
front end of the tip member 2. Thus, an efficient locking 
and stowing operation for the slider 3 can be effected. 
The following is an explanation about the operation 

for releasing the locked stow of the slider 3 and for the 
feed of lead. 

It is only rear-end knock that is required for the oper 
ation just mentioned above. Upon knocking of the rear 
end, the sleeve 4 and the lead feed mechanism 5 advance 
together by the distance b. In the course of this forward 
movement the front end wall portion 95 of the drum 
ring 9 pushes the inclined surfaces 36a of the engaging 
recesses 36 of the slider 3. Besides, the first resilient 
member 11 also urges the slider 3 forward by virtue of 
its compressive biasing force. Consequently, the en 
gagement between the engaging protuberances 35 of 
the slider 3 and the slider stopper 81 as well as the en 
gagement between the front-end engaging portion 96 of 
the drum ring 9 and the engaging recesses of the slider 
3 are released (release of the locked stow). 
As means for releasing the above engagements there 

also may be used the front end wall portion 106 of the 
ejection bar 10. 

Next, the ordinary lead feed is performed by rear-end 
knock. 

Thereafter, the slider 3 reverts to the state of FIG. 
42(A) under the action of the first resilient member 11, 
now ready for writing. 

In the case where a slide pipe 32a formed by extru 
sion for example and having a diameter smaller than 
that of the slider 3 shown in FIG. 36 is fitted in the front 
end of the slider body 31, the mechanical pencil of the 
present invention is also applicable as a mechanical 
pencil for drawing or a like purpose. 

In this sixth embodiment, as described above, the 
unlocking of the slider 3 and the release of the locked 
stow thereof at the time of front-end knock as well as 
the release of the engagement between the slider 3 and 
the slider receiving portion 8 are effected at the front 
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end of the drum ring, so the front-end knock can be 
done positively as long as the slide pipe is projecting 
from the tip member. 
A seventh embodiment of the present invention will 

be described below. 
In the above sixth embodiment the opening of the 

drum ring 9 is expanded (opening/closing operation) 
with forward movement of the ejection bar 10 induced 
by rear-end knock to ensure a receptacle portion, 
thereby making it possible to lock and stow the slider 3. 
On the other hand, according to the seventh embodi 

ment of the invention, the drum ring 9 is formed not to 
perform opening/closing operation, thereby dispensing 
with the receptacle portion for the slider 3. In this sev 
enth embodiment, therefore, it is quite impossible to 
effect locking and stowing of the slider 3. But the other 
points, including the lead feed operation, are just the 
same as in the sixth embodiment. 

Since it is not necessary to form a receptacle portion 
in the drum ring 9 for the slider 3, the drum ring 9 and 
the ejection bar 10 may be formed as an integral body. 
An eighth embodiment of the present invention will 

now be described. This embodiment concerns an im 
provement of the lead feed operations of rear-end 
knock, automatic writing and front-end knock, attained 
by modifying the elastic modulus of the first resilient 
member 11. Other constructional points are the same as 
in the foregoing seventh embodiment. 
More specifically, the elastic modulus of the first 

resilient member 11 is determined so that the biasing 
force A of the resilient member 11 and the gripping 
force E of the lead chuck 51 for the lead S are in any of the following relationships: 
G1) Where the retreat distance of the slider 3 into the tip member 2 is not longer than a predetermined 

distance f (e.g. 0.5 mm): 

As E (Relationship Gl)) 
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moved out of contact with the paper surface. In this 
case, since there exist ACE and Bd. A from the above 
relationships GD and (3) the slider 3 stops in that 
position without operating at all. Thereafter, when the 
slider tip 32A is brought into abutment with the paper 
surface to restart the writing operation, the slider 3 
moves back with wear of the lead S. And if the retreat 
distance of the slider 3 is f (f --fi (f), there exist the 
relationships and like the above case, so the 
slider 3 stops in that position. 
However, when the sum of the retreat distances of 

the slider 3 becomes larger than the distance f 
(fi+f2+...>f), there exists the relationship (2) and the 
urging force A of the first resilient member 11 becomes 
larger than the lead gripping force of the lead chuck 51 
up to a magnitude which permits the lead S to be pulled 
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(2) Where the said retreat distance is not longer than 40 
the predetermined distance f (e.g. 0.5 mm): 

A>E (Relationship (2) 

Like the seventh embodiment, there exist the relation 
ships Be A (Relationship (3)) and CD among the 
urging force A of the first resilient member 11, the 
frictional force B of the friction imparting member 33 
for the lead S, the engaging force C between the con 
cave portion 93a of the drum ring 9 and the convex 
portion 104 of the ejection bar 10, and the engaging 
force D between the slider 3 and the slider stopper 81. 
The above three lead feed operations (rear-end 

knock, automatic writing and front-end knock) are im 
proved. First, the operation of automatic writing as the 
second means will be explained. 
As noted above, automatic writing is usually per 

formed in a projecting state of the lead S by a predeter 
mined distance X from the slide tip 32A, as shown in 
FIG. 42(A). With writing, the lead Swears gradually 
until it becomes flush with the tip end of the slide tip 
32A, as shown in FIG. 42(B). Even in this state the 
slider 3 can move back against the biasing force of the 
first resilient member 11. It can move back up to abut 
ment with the front end wall portion 95 of the drum 
ring 9, that is, by the retreat distance e shown in FIGS. 
1,42(B) and 42(C). For example, it is here assumed that 
the writing is stopped when the retreat distance of the 
slider is fi (fl (f) and the tip end of the slide tip 32A is 
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out forward from the lead chuck 51. Consequently, the 
first resilient member 11 causes the slider 3 to advance 
and at the same time the lead S is allowed to advance 
together with the slider 3 through a predetermined 
frictional force provided from the friction imparting 
member 33. In this way the lead is fed. 
The lead feed process will now be explained in detail 

up to minute operations. When the lead S is pulled in the 
forward direction by the first resilient member 11, in the 
head portion of the lead chuck 51 which grips the lead 
S, the balls 53 come into rolling contact with the ta 
pered inner wall 54a of the metallic cylinder 54 and 
advance. As a result, the head portion of the lead chuck 
51 expands outwards so its lead gripping force becomes 
weaker gradually. During this process there is per 
formed the feed of the lead S. After the end of the lead 
feed operation, the head portion of the lead chuck 51 
moves back a slight distance until it grips the lead S 
lightly under the biasing force of the second resilient 
member 56. This retreat distance is slight, a little ahead 
of the position of the head portion of the lead chuck 51 
shown in FIG. 42(B). 
By a series of these operations there is performed an 

automatic lead feed operation, making it possible to 
effect writing. Continuous writing can be done up to the 
retreat distance e of the slider 3. 

In the first, third, fourth, sixth and seventh embodi 
ments there always existed the relationship G1). In this 
case, upon interruption of the automatic writing, the first 
resilient member 11 acts to advance the slider 3 and the 
lead S continually, so the lead feed operation is exe cuted continually. 
After the end of the lead feed operation, as mentioned 

in detail, the head portion of the lead chuck 51 is located 
a little ahead of its position shown in FIG. 42(B). Conse 
quently, when backward writing pressure is exerted on 
the lead S upon re-start of writing, there are performed 
operations completely reverse to the lead drawing-out 
operations. More specifically, the lead chuck 51 which 
has gripped the lead S moves back in rolling contact 
with the tapered inner wall 54a and its inward contrac 
tion gives rise to a gradual increase of its lead gripping 
force until it returns to the position shown in FIG. 
42(B), whereby there is effected complete lead grip 
ping. Thus, the lead chuck 51 retreats upon re-start of 
automatic writing, so some users may feel a sense of 
incongruity or of discomfort. Besides, this retreat mo 
tion of the lead chuck 51 has heretofore occurred al 
ways at the time of start of automatic writing. 
Also in the case of rear- and front-end knock, a prob 

lem based on the same phenomenon as above has here 
tofore occurred. More particularly, in the lead feed 



4,884,910 
25 

operation, in just the same manner as in automatic writ 
ing, the head portion of the lead chuck 51 advances in 
rolling contact with the tapered inner wall 54a, and 
after the end of the lead feed operation, the lead chuck 
head is located slightly ahead of its position shown in 
FIG. 42(A). Therefore, at the time of re-start of writing 
(the first time) the lead chuck 51 which has gripped the 
lead S retreats a distance f in rolling contact with the 
tapered inner wall 54a while gripping the lead Sunder 
the action of writing pressure applied to the lead S. At 
this time, some users may feel a sense of incongruity or 
of discomfort (this cannot be prevented even in this 
eighth embodiment). The retreat distance of the lead 
chuck 51 is the same (f) as that of the lead S. And since 

5 

10 

there exists the relationship as mentioned above, the 15 
slider 3 moves back the same distance (f) through the 
friction imparting member 33 which is in abutment with 
the lead Sunder the frictional force B. Therefore, if the 
writing is discontinued and the lead S is moved away 
from the paper surface, the slider 3 advances the dis 
tance f under the biasing force of the first resilient 
member 11. As a result, as noted above, the lead chuck 
51 is again moved forward and thereafter retreats a 
slight distance, but is located slightly ahead of its posi 
tion shown in FIG. 42(A). Therefore, upon re-start of 25 
the next (second) writing, the lead chuck 51 again re 
treats, so some users may feel a sense of incongruity or 
of discomfort. According to this eighth embodiment, 
however, such sense of incongruity or of discomfort at 
the time of re-start of the second and the following 
writing can be eliminated because the slider 3 will not 
advance unless the retreat distance of the slider 3 is a 
predetermined distance or longer. 
According to this eighth embodiment, as set forth 

above, by adjusting the elastic modulus of the first resil 
ient member 11 it is made possible to feed the lead only 
when the retreat distance of the slider 3 reaches the 
predetermined distance or longer, and the occurrence 
of retreat motion of the lead chuck 51 is suppressed to a 
minimum degree to minimize the sense of incongruity 
or of discomfort at the time of start of writing. This is 
particularly effective in writing Japanese characters 
because the retreat distance of the slider 3 is in many 
cases below the distance f. 
Although in this eighth embodiment the predeter 

mined distance fat the start of lead feed is set at 0.5 mm, 
this constitutes no limitation if only it is within the dis 
tance b or e. Further, although the number of times of 
interruption of writing in automatic writing was set at 
twice or more, it may be even once. 
A ninth embodiment of the invention will now be 

explained. This embodiment relates to an improvement 
of the lead chuck. The greater part of its construction is 
the same as the preceding embodiments. 

In this embodiment, as shown in FIGS. 43 and 44 to 
47, the lead chuck 51 is formed as a bisplit chuck along 
the axis of the lead insertion hole 57 and it comprises a 
pair of chuck members 51a and 51b which are hemi 
spheric in section. This bisplit lead chuck has ball hold 
ing portions 52 recessed in the outer peripheral portions 
of the chuck members 51a and 51b, retaining stepped 
portions 55 projecting from the said outer peripheral 
portions, spring retaining projections 55a projecting 
forward in predetermined positions from the front sides 
of the retaining stepped portions 55, stopper abutting 
projections 55b projecting backward in predetermined 
positions from the rear sides of the retaining stepped 
portions 55, rear cylindrical tapered portions 58 extend 
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ing backward from the rear ends of the retaining 
stepped portions 55 and smaller in diameter on the rear 
end side, the lead insertion hole 57 extending through 
the axis of the lead chuck, engaging recesses 59 and 
engaging projections 510. 
The engaging projections 510 are formed longer by a 

predetermined length than the depth of the engaging 
recesses 59 to ensure a gap K between the lead chuck 
members 51a and 51b as shown in FIGS. 43(A) and 47. 
The gap K functions as a fulcrum of lever motion of the 
chuck members 51a and 51b in opening and closing 
directions and also functions as a spacer to effect a 
smooth lever motion. 
The ball holding portions 52 each have a bank-like 

projecting portion 52a along the peripheral edge 
thereof as shown in FIG. 48 so that the ball 53 received 
therein may not easily escape outwardly sideways. 
The spring retaining projections 55a, which are for 

retaining the rear end of the second resilient member 56, 
are projecting from the retaining stepped portions 55 in 
back positions of the chuck members 51a and 51b. On 
the other hand, the stopper abutting projections 55b 
function to abut the front end of the advancing stopper 
6 to create a lead chuck opening force. In this embodi 
ment, a pair of such stopper abutting projections 55b are 
projecting from the retaining stepped portions 55 in 
both side positions of each of the chuck members 51a 
and 51b. 

In this embodiment, the stopper abutting stepped 
portions 55b and the spring retaining projections 55a are 
provided in positions spaced about 90 from the axis of 
the lead insertion hole 57. In such a positional relation, 
an opening lever motion of the lead chuck 51 is per 
formed smoothly and positively, as shown in FIG. 
43(C), using the retaining recesses 59 and the engaging 
projections 510 as a fulcrum, by the stopper abutting 
projections 55b which receive a forward urging force 
from the advancing stopper 6 at the time of rear-end 
knock and also by the spring retaining projections 55a 
which receive an opposite external force, i.e., a back 
ward urging force, from the therebycompressed second 
resilient member 56. 
Thus, the lever opening motion of the lead chuck 51 

can be effected without utilizing the taper means at the 
rear ends of the lead chuck members 51a and 51b, Be 
sides, there is no fear of deviation at the heads of the 
lead chuck members 51a and 51b. 
The distance between the stopper abutting projec 

tions 55b and the spring retaining projections 55a and 
their positions are not restricted to those in this embodi 
ment. Any such distance and positions may be adopted 
if only there can be developed a force which induces 
the opening lever motion of the lead chuck 5. 

In this embodiment, moreover, the inner surfaces of 
both sides of a lead holding hole 512 serve as lead sup 
porting portions 513. As will be described later, the lead 
supporting portions 513 are in four positions in the case 
of a four-point support type tooth portion 511a shown 
in FIG. 51. On the other hand, in the case of a six-point 
support type tooth portion 5.11b shown in FIG. 50, the 
lead support portions are in four positions initially, but 
as the lead S becomes finer, bottom portions 512a of the 
lead holding hole 512 also serve as lead supporting 
portions, that is, the lead is supported at six points. And 
as shown in FIGS. 19 and 20, the lead supporting por 
tions 513 are each integrally formed with a plurality of 
tooth portions 511 at predetermined intervals in the 
width direction of the lead supporting portion. 
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FIG. 51 shows an example of the tooth portion 511 of 
the chuck members 51a and 51b. In this example, the 
tooth portion 511 is formed by only the four-point sup 
port type tooth portion 511 shown in FIG. 50. 
As shown in FIGS. 50 and 51, the four-point support 5 

type tooth portion 511a is formed from a plane portion 
51a1 or 51b1 of the chuck member 51a or 51b up to a side 
wall 512b of the lead holding hole 512, except the bot 
tom portions 512a of the lead holding hole 512. In the 
portion of each bottom 512a having no tooth there is 10 
formed a lead waste discharge portion 512c, Thus, as 
shown in FIG. 49, the lead S is four-point supported by 
the tooth portions 511a in the positions of the lead sup 
porting portions 513 which are formed at four points as 
shown in FIG. 49, so there is no fear of lead slip, etc. 15 
FIG. 52 shows another example of the tooth portion 

511. In this example, the tooth portion 55 is formed by 
only the six-point support type tooth portion 511b 
shown in FIG. 49. 
As shown in FIGS. 49 and 52, the six-point support 20 

type tooth portion 5.11b is different from the four-point 
support type tooth portion 511a in that the lead waste 
discharge portion 512c is not present and so tooth por 
tion is formed continuously from the plane portion 51a1 
or 51b1 up to the lead holding hole 512. 25 

In the case of the six-point support type tooth portion 
511b, the lead S is initially gripped in the four-point 
support positions of the lead supporting portions 513. 
However, under the influence of writing pressure over 
a subsequent long time of use, the lead S in the gripping 30 
portion becomes finer as indicated by dotted lines (X) in 
FIG. 49. As a result, the portions of the lead Sindicated 
at (Y) are newly gripped by bottom portions 511b1 of 
the six-point support type tooth portions and thus sup 
ported at six points. This six-point support for the lead 35 
S further reduces the possibility of lead slip, etc. as 
compared with the first example. 
FIG. 53 shows a further example of the tooth portion 

511. In this example, as shown in the same figure, the 
tooth portion 511 comprises the four-point support type 40 
tooth portion 511a and the six-point support type tooth 
portion 511b, arranged in positions adjacent to each 
other alternately. 
More specifically, like the other examples described 

above, the lead S is initially four-point supported by the 45 
four-point support type tooth portions 511a and the 
six-point support type tooth portions 511b. Thereafter, 
as the lead S becomes finer over a long period of use as 
mentioned above, it is supported at six points by the 
six-point support type tooth portions 511b. In this case, 50 
the lead S is four-point supported by the four-point 
support type tooth portions 511a and six-point sup 
ported by the six-point support type tooth portions 
511b, and this supported state is repeated alternately in 
plural number of times. 55 
Thus, the lead S is gripped securely even under 

changes of its diameter by the two kinds of tooth por 
tions 511a and 511b, so there is no fear of lead slip, etc. 
On the front end side of the stopper 6 there extends a 

cylindrical front-end portion 62 axially forwardly as 60 
shown in FIGS. 43(A) and (C). At the time of rear-end 
knock, the front end of the cylindrical front-end portion 
62 comes into pressure abutment with the stopper abut 
ting projections 55b to open the lead chuck 51 in coop 
eration with the spring retaining projections 55a which 65 
are urged backward by the second resilient member 56. 
As shown in FIG. 43(C), moreover, at the time of rear 
end knock the cylindrical front-end portion 62 pushes 

28 
the stopper abutting projections 55b while enclosing 
therein the rear end of the lead chuck 51, whereby the 
rear end portion of the lead chuck 51 is held in a con 
stant position to prevent the occurrence of deviation at 
the front end of the lead chuck 51. 
The urging force A of the first resilient member 11, 

the frictional force B of the friction imparting member 
33 to the lead S, and the gripping force C of the lead 
chuck 51 for the lead S, are in the following relations. 
GD B>A If this relation is not satisfied at the time of 

front-end knock as will be described later, there will 
occur lead slip between the friction imparting member 
33 and the lead S. 

(2) A>C This is because it is necessary to pull out 
the lead S forward from the lead chuck 5 with 
advance of the slider 3 at the time of later-described 
front-end knock and so-called automatic writing. 
Among the foregoing distances a, c and d there is the 

relation of dead c. 
The assembling operation for the mechanical pencil 

of this ninth embodiment is the same as in the previous 
embodiments, so will not be explained. 
The lead feed operation of this embodiment will be 

described below. Like the previous embodiments, there 
are three types of operations. 

(1) First, in the normal rear-end knock operation (first . 
means), when the sleeve 4, etc. advance by the distance 
b, the front end of the stopper 6 is retained by abutment 
with the stopper abutting projections 55b of the lead 
chuck 51 and pushes the lead chuck 51 forward against 
the urging force of the second resilient member 56 re 
tained by the spring retaining projections 55a. In the 
course of this forward movement, opposite urging 
forces are exerted on the stopper abutting projections 
55b and the spring retaining projections 55a, respec 
tively, which are formed in predetermined spaced posi 
tions as previously noted, so that the lead chuck 51 
performs an opening lever motion, using the engaging 
recess 59 and the engaging projection as a fulcrum, as 
shown in FIG. 43(C), to release the gripping for the 
lead S. By repeating these operations there is performed 
the normal feed of lead. 

Thus, the lead chuck 51 is opened by exerting two 
opposite interactive forces on the retaining stepped 
portions 55 projecting from the outer peripheral portion 
of the lead chuck 51. So there is no fear of deviation at 
the front end portion of the lead chuck 51 which can 
occur when the lead chuck 51 is opened by picking the 
rear end of the chuck as in the prior art. 

(2) As the second means, the lead feed operation can 
be performed automatically by the interruption of writ 
ing. This operation is the same as in the previous em 
bodiments. 

(3) As the third means, two types of front-end knock 
operations can be performed in the same manner as in 
the fifth embodiment described above. 

Further, the locking and stowing operation for the 
slider 3 and the release operation in this embodiment are 
the same as in the fifth embodiment, so will not be ex 
plained here. 
According to this ninth embodiment, as set forth 

above, the spring retaining projections and the stopper 
abutting projections, which undergo opposite external 
forces at the time of rear-end knock, are formed on the 
retaining stepped portion in spaced relation by a prede 
termined distance and an opening lever motion is cre 
ated by utilizing opposite interactive forces to open the 
lead chuck. Consequently, there is no fear of deviation, 
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etc. at the front end portion of the lead chuck, so it is 
possible to effect the lead releasing operation always in 
a stable state and the slip and breakage of lead caused by 
deviation at the front end of the lead chuck can be 
decreased remarkably. 5 
What is claimed is: 
1. A mechanical pencil including: 
a tip member fitted in the front end of a shell; 
a sleeve disposed slidably in the interior of said tip 
member; 10 

a lead feed mechanism which is mounted in the inte 
rior of said sleeve and which permits a forward 
movement of a lead but inhibits a backward move 
ment of the lead; 

an ejection bar mounted on the front end side of said 
sleeve, with the lead extending through the ejec 
tion bar; 

a slider disposed slidably within said tip member and 
having a locking engaging portion capable of en 
gaging said tip member disengageably, said slider 
imparting a predetermined frictional force to the 
lead; and 

a resilient member disposed between said slider and 
said ejection bar, said resilient member having an 
urging force stronger than a lead gripping force of 
said lead feed mechanism, wherein a drum ring is 
provided on the front end side of said sleeve, and 
said ejection bar is disposed slidably within said 
drum ring. 30 

2. A mechanical pencil according to claim 1, wherein 
said drum ring fulfills a guide function of retaining said 
ejection bar in a predetermined position and causing it 
to slide in a predetermined range. 

3. A mechanical pencil according to claim 2, whereins 
said ejection bar pushes said slider in a locked state to 
unlock the slider when the ejection bar is retained in an 
advanced position within said drum ring, and releases a 
locked and stowed state of the slider when the ejection 
bar moves forward within the drum ring. 40 

4. A mechanical pencil according to claim 1, wherein 
said drum ring ensures a receptacle portion for said 
slider with backward movement of said ejection bar. 

5. A mechanical pencil including: 
a tip member fitted in the front end of a shell; 45 
a sleeve disposed slidably in the interior of said tip 
member; 

a lead feed mechanism which is mounted in the inte 
rior of said sleeve and which permits a forward 
movement of a lead but inhibits a backward move- 50 
ment of the lead; 

an unlocking drum ring mounted on the front end 
side of said sleeve; 

an ejection bar disposed within said drum ring, with 
the lead extending through the ejection bar; 55 

a slider disposed slidably within said tip member and 
having a locking engaging portion capable of en 
gaging said tip member disengageably, said slider 
imparting a predetermined frictional force to the 
lead; and 60 

a resilient member disposed between said slider and 
said ejection bar, said resilient member having an 
urging force stronger than a lead gripping force of 
said lead feed mechanism, wherein said drum ring 
incorporates said ejection bar slidably therein and 65 
performs an opening and closing operation with 
slide motion of the ejection bar to thereby ensure a 
receptacle portion for said slider. 
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6. A mechanical pencil according to claim 1 or claim 

5, further including a stopper which is slidably engaged 
in sliding slots formed in said tip member and said 
sleeve, respectively. 

7. A mechanical pencil according to claim 6, wherein 
said sleeve has a projection for engagement with the 
sliding slot of said tip member. 

8. A mechanical pencil according to claim 1 or claim 
5, wherein said tip member is axially formed with a slit 
which permits radial elastic deformation of the tip mem 
ber. 

9. A mechanical pencil according to claim 1 or claim 
5, wherein said slider has a plurality of engaging pieces 
divided by axially-formed slits. 

10. A mechanical pencil including: 
a tip member fitted in the front end of a shell; 
a sleeve disposed slidably in the interior of said tip 
member; 

a lead feed mechanism which is mounted in the inte 
rior of said sleeve and which permits a forward 
movement of a lead but inhibits a backward move 
ment of the lead; 

a stopper slidably engaging said tip member and said 
sleeve; 

a slider disposed slidably within said tip member and 
having a lock engaging portion capable of engag 
ing said tip member disengageably, said slider in 
parting a predetermined frictional force to the lead; 
and 

a resilient member having an urging force stronger 
than a lead gripping force of said lead feed mecha 
nism, and urging said slider forwardly, wherein 
said stopper is slidable along slide grooves formed 
at said tip member and said sleeve, respectively. 

11. A mechanical pencil according to claim 10, 
wherein there is formed at said sleeve a slit which makes 
said stopper engage with and slide within said slide 
grooves. 

12. A mechanical pencil according to claim 10, 
wherein said stopper engages said slide grooves at said 
sleeve under a given frictional pressure and advances 
integrally with said sleeve when a forwardly directed 
force is applied thereto so as to advance separately 
when said sleeve stops. 

13. A mechanical pencil including: 
a tip member fitted in the front end of a shell; 
a sleeve disposed slidably in the interior of said tip 
member and having an expandable rear end; 

a lead feed mechanism which is mounted in the inte 
rior of said sleeve and which permits a forward 
movement of a lead but inhibits a backward move 
ment of the lead; 

a resilient receiving means which contacts the rear 
end of said sleeve for preventing said rear end from 
expanding; 

a slider disposed slidably within said tip member and 
having a locking engaging portion capable of en 
gaging said tip member disengageably, said slider 
imparting a predetermined frictional force to the 
lead; and 

a resilient member disposed between said slider and 
said ejection bar, said resilient member having an 
urging force stronger than a lead gripping force of 
said lead feed mechanism. 

14. A mechanical pencil according to claim 13, fur 
ther comprising means for resiliently biasing said resil 
ient receiving means forwardly. 


