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(57] ABSTRACT

A mowing machine is provided with its cutting head
employing one or more flexible cutting lines such as
Nylon cords which serve to cut grasses during rotation
of the cutting head. The free end portions of the cutting
lines extend radially outwardly from a casing through
openings in an annular inertai shifter which is housed in
the casing for vertical and angular movements relative
to the casing.

16 Claims, § Drawing Figures
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MOWING MACHINE WITH ANNULAR INERTIA
SHIFTER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.

The present invention relates to mowing machines
employing one or more flexible cutting lines such as
Nylon cords as cutting blades.

In such mowing machines, flexible cutting lines are
housed in the form of coils in a casing and have free end
portions extending radially outwardly through open-
ings formed in the casing as its periphery. Duning mow-
ing operation, the free end portions of the cutting lines
are stretched radially outwardly of the casing under the
action of the centrifugal force to cut grasses. As com-
pared with steel cutting blades in a conventional mow-
ing machine, the flexible cutting lines are liable to wear
off during the mowing operation. When the free end
portions of the cutting lines have worn off, there 1s a
need for extraction of the cutting lines from their coils
through the openings. In order to ensure that such an
extraction operation can be performed without any
stoppage of a motor, there have been known semiauto-
matic feeders comprising a shifter serving to extruct the
cutting lines and adapted to be operated by a change in
the centrifugal force caused by a variation in rotational
speed of the mowing machine head or by applying to
the shifter an external force caused by stniking the mow-
ing machine head against the ground.

A main object of the present invention is to provide a
mowing machine which is capable of extraction of the
cutting lines from their coils through a casing means of
a cutting head during a mowing operation without
varying the rotational speed of the cutting head or strik-
ing it against the ground.

Another object of the present invention is to provide
a mowing machine wherein an annular inertia shifter 1s
disposed in the casing of the cutting head for vertical
and angular movements relative to the casing. The an-
nular shifter is provided with openings through which
the free end portions of the cutting lines extend radially
outwardly and when the mowing machine 18 swung
vertically during its operation to move vertically the
inertia shifter relative to the casing, the inertia shifter 1s
angularly moved relative to the casing under the action
of the centrifugal force on the free end portions of the
cutting lines to extract the cutting lines from their coils
through the openings in the shifter a predetermined
length.

In a preferred embodiment of the present invention,
the cutting lines are wound around a spool fixedly se-
cured within the casing means. The casing means in-
cludes casing and a cap defining an annular space there-
between. The inertia shifter surrounds the spool within
the casing means and has openings formed in the por-
tion of the shifter which i3 exposed to the annular space.
The inertia shifter is provided with a plurality of upper
circumferentially spaced projections formed thereon
and adapted to engage a plurality of circumferentially
spaced projections on the casing during mowing opera-
tion of the machine. A plurality of lower circumferen-
tially spaced projections may be formed on the shifter in
an opposite relation to the upper projections to engage
projections each formed on the cap at a posttion inter-
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mediate between the two adjacent projections on the
casing so as to being capable of extracting the cutting
lines a predetermined length on halves.

Other objects and advantages of the present invention
will become apparent from the following descniption on
a preferred embodiment thereof which is shown in the
accompanying drawings;

FIG. 1 is a perspective view of a mowing machine
according to the present invention;

FIG. 2 is a vertical cross sectional view of a cutting
head of th mowing machine shown in FIG. 1;

FIG. 3 is a cross sectional view of the cutting head
taken along line III—III of FIG. 2;

FIG. 4 is a fragmental cross-sectional view of the
cutting head taken along line IV—IV of FIG. 3J; and

FIG. 5 is a perspective view of an inertia shifter
housed in the cutting head.

Referring now to FIG. 1 of the drawings, there is
shown a mowing machine according to the present
invention comprising a rotary cutting head 3 rotatably
mounted on a hallow rod 2 at its lower end. The hollow
rod 2 has a small internal combustion engine 4 mounted
at the upper end thereof and is provided with a flexible
driving shaft 1 extending from the engine 4 to the rotary
cutting head 3 and inserted in the hollow rod 2. Refer-
ring now to FIG. 2, the rotary cutting head 3 comprises
a cup-shaped casing 5’ having a central boss 8 fixedly
secured thereto and threadedly connected to the lower
end of the flexible driging shaft 1, a spool 10 fitted on
the boss 8 and a cap 5 fitted on the boss 8 and locked to
the cup-shaped casing 5° by a nut 9 which threadedly
engages the lower threaded end of the boss 8 to clamp
the spool 10 between the casing 5' and the cap 3 for
rotation therewith. The spool 10 has flexible cutting
lines 11, such as Nylon cords wound thereon in a direc-
tion opposite to a direction of rotation of the cutting
head 3. Defined between the casing 5" and the cap 5 1s
an annular space 6 through which the free end portions
7 of the cutting lines 11 extend radially outwardly.

An annular inertia shifter 12 is mounted within the
casing 5' for vertical and angular movements relative to
the casing 5’ and provided with a plurality of upper and
lower circumferentially equally spaced projections 14
and 15 oppositely formed on the upper and lower ends
thereof. The casing 5’ and the cap 5 are also provided
with a plurality of circumferentially equally spaced
projections 16 and 17 cooperating with the upper and
lower projections 14 and 15 on the inertia shifter 12,
respectively. Each of the projections 17 on the cap 5 1s
positioned intermediate the two adjecent projections 16
on the casing 5°. Formed in the portion of the inertia
shifter 12 which is exposed to the annular space 6 be-
tween the casing 5’ and the cap 5, are two diametrically
opposite openings 13 each positioned intermediate the
opposite upper and lower projections 14 and 15 on the
inertia shifter 12. Each of the openings 13 serves to bear
the free end portion 7 of the cutting line 11 passed there-
through and preferably, has a curved convex surface in
section to avoid any concentration of stress on the cut-
ting line. The openings 13 may be in the form of slots
opening into the upper end or lower end of the inertia
shifter 12.

During rotation of the rotary cutting head 3, the
inertia shifter 12 is positioned in the casing 5 with the
leading edge of each of the projections 14 engaging the
trailing edge of each of the projections 16 on the casing
§'. This is achieved by winding the cutting lines 11 on
the spool 10 in the direction opposite to the direction of
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rotation of the rotary cutting head 3 and by the centrifu-
gal force acting on the free end portions of the cutting
lines passed through the openings 13 in the inertia
shifter 12 to tend to forwardly rotate the inertia shifter
12 relative to the casing 5’ until the leading edge of each
projection 14 on the shifter 12 engages the trailing edge
of the projection 16 on the casing §'.

During the mowing operation, it is necessary to main-
tain the inertia shifter 12 at its lifted position where the
projections 14 on the shifter 12 engage the projections
16 on the casing 5§’ in order to prevent downward move-
ment and subsequent rotation of the inertia shifter 12
relative to the casing §’, which would result in an un-
foreseen extraction of the cutting lines from their spool
10 through the openings 13 in the shifter 12. To this end,
each of the openings 13 is positioned such that when the
inertia shifter 12 is in its lifted position where the upper
projections 14 on the shiftes 12 engage the projections
16 on the casing 5, the top 19 of the curved surface of
the opening 13 should be spaced axially from the inner
surface 18 of the lower one of the spool flanges a dis-
tance slightly less than a diameter of the cutting line 11
extending through the opening 13 to bend it down-
wardly. During the rotation of the rotary cutting head
3, the downwardly bent portions of the cutting lines
have a tendency to be stretched outwardly due to the
centrifugal force acting on the free end portions of the
cutting lines so that the tension on the cutting lines
causes the shifter 12 to push up thereby maintaining
engagement of its projections 14 with the projections 16
on the casing §'. Alternatively, in order to achieve the
downward bending of the cutting lines, barrier rings
(not shown) may extend upwardly from the cap 5 so as
to surround the periphery of the spool 10.

In operation, the internal combustion engine 4 is
started to rotate the flexible driving shaft 1 so that the
casing §° and cap § of the cutting head 3 rotate with the
spool 10 fixedly secured therewithin. The centrifugal
force causes the free end portions of the cutting lines 11
passed through the openings 13 to stretch radially out-
wardly, thereby lifting and rotating the inertia shifter 12
relative to the casing 5 in its direction of rotation until
the leading edges of the projections 14 on the shifter 12
engage the trailing edges of the projections 16 on the
casing 5’ (see FIG. 3). During the mowing operation,
the shifter 12 is rotated in the direction opposite to the
direction of the rotation of the cutting head 3 at the time
when the free end portions of the cutting lines 11 hit the
grasses so that each of the projections 14 on the shifter
12 circumferentially oscillates between the two adja-
cent projections 16 and 16 on the casing §’. Because of
the oscillation of the projections 14 on the shifter 12, a
point of contact of the free end portions of the cutting
line 11 with the openings 13 moves along the length of
cutting lines to minimize the chances of their breakage.

When the tip of each of the free end portions of the
* cutting lines 11 has worn off and it is desired to extract
the free end portions 7 from the spool 10 through the
openings 13, the mowing machine is swung vertically
by an operator during its operation to move the shifter
12 with its inertia relative to the casing 5 as indicated
by arrow A In FIG. 4 so that the upper projections 14
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on the shifter 12 disengage from the projections 16 on

the casing 5’. Due to the fact that the free end portions
of the cutting lines 11 are being stretched outwardly
under the action of the centrifugal force, the shifter 12
1s moved in a direction of arrow B until the lower pro-
jections 15 on the shifte 12 engage the projections 17 on
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the cap 5 so that the cutting lines 11 are extracted from
the spool 10 through the openings 13 by half of a prede-
termined length. Then, the shifter 12 is lifted as indi-
cated by arrow C by the outwargd force on the free end
portions 7 of the cutting lines 11 so that the lower pro-
jections 15 on the shifter 12 disengage from the projec-
tions 17 on the cap 5. The outward force on the free end
portions 7 of the cutting lines 11 also causes the shifter
12 to move forward relative to the casing as indicated
by arrow D until the upper projections 14 on the shifter
12 engage the projections 16 on the casing §', thereby
extracting the cutting lines by the other half.

It will be seen from the foregoing that when the
mowing machine is swung, the inertia on the shifter and
the centrifugal force on the free end portions of the
cutting lines result in the vertical and angular move-
ment of the shifter 12 relative to the casing, thereby
causing the cutting lines 11 to automatically extruct
from their spool 10 through the openings 13 the prede-
termined length.

In the preferred embodiment of the present invention,
in order to extruct the cutting lines 11 from their spool
10 a predetermined length on halves, the upper and
lower projections are formed on the shifter 12 in the
opposite relation and each of the projections 17 on the
cap 5 i1s positioned intermediately between the two
adjacent projections 16 on the casing 5. Alternatively,
only the upper projections 14 and the projections 16
may be formed on the shifter 12 and the casing §', re-
spectively.

It will be apparent from the foregoing that many
other variations and modifications may be made in
structures described herein without departing from the
essential concept of the present invention.

What is claimed is:

1. A mowing machine having a cutting head compris-
ing a driving shaft, a casing means fixedly secured to the
driving shaft for rotation therewith and having a plural-
ity of circumferentially spaced projections formed
thereon, at least one flexible cutting line in the form of
a coil wound on a spool housed in and removably fixed
to the casing means and having a free end portion, an
annular inertia shifter disposed in the casing means in a
relation surrounding the coil and the spool [at its radial
outward position} radially outwardly of the spoo! for
vertical and angular movements relative to the casing
means and having a plurality of circumferentially
spaced projections formed thereon and adapted to en-
gage said projections on the casing means during the
mowing operation of the machine, said inertia shifter
being provided with at least one opening through which
said free end portion of the cutting line extended radi-
ally outwardly.

2. The mowing machine of claim 1 wherein said cas-
ing means comprises an upper casing portion and a
lower cap portion fixedly secured to one another and
satd casing means projections are located at circumfer-

entially spaced portions on said upper casing portion
and said cap portion.

3. The mowing machine of claim 1 wherein said cas-
ing means includes an upper casing portion and a lower
cap portion with said circumferentially spaced projec-
tions of said casing means being located on only said
upper casing portion and extending downwardly there-
from.

4. The mowing machine of claim 3 wherein said cir-
cumferentially spaced projections on said inertia shifter
are on only an upper surface thereof and extend up-
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wardly to engage the downwardly extending projec-
tions on said upper casing portion.

5. The mowing machine of claim 2 wherein said spool
is clamped between said casing portion and said cap
portion for rotation therewith.

6. The mowing machine of claim 1 wherein said an-
nular inertia shifter has two openings formed in an an-
nular wall thereof for two flexible cutting lines.

7. In a line feeding device having a housing defining an
axis of rotation, said housing being fixed to a rotatable
spool having a supply of line intended to be fed therefrom
and wound thereabout with a distal end of the line urged
radially outwardly as an incident of rotation of the spool on
said housing about said axis, the improvement comprising:

an inertia shifter releasably engaging said housing to be

carried for rotation about said axis therewith, and
defining a through feed hole opening radially of said
axis of rotation for passing the distal end of the line
outwardly therethrough,

said housing extending axially downwardly below said

inertia shifter;

said inertia shifter being movable about said axis relative

to the housing and spool as an incident of disengage-
ment of the inertia shifter from said housing, and
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thereby permitting the outwardly urged distal end of 25

the line to urge said inertia shifter circumferentially
about said axis to reposition said opening progressively
in the direction of unwinding of the line from said
spool thereby progressively feeding the distal end of the
line from said spool only while said inertia shifter is
disengaged from said housing.

8. In a line feeding device having a housing defining an
axis of rotation, said housing being fixed to a rotatable
spool having a supply of line intended to be fed therefrom
and wound thereabout with a distal end of the line urged
radially outwardly as an incident of rotation of the spool on
said housing about said axis, the improvement comprising:

an inertia shifter releasably engaging said housing to be

carried for rotation about said axis therewith, and
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defining a through feed hole opening radially of said 40

axis of rotation for passing the distal end of the line
outwardly therethrough;

means for urging the inertia shifter axially upwardly to
a first position upon the line feeding device being
rotated,

said inertia shifter being movable about said axis relative
to the housing and spool as an incident of movement
of the inertia shifter axially downwardly from said
first position, and thereby permitting the outwardly
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rotation for passing the distal end of the line out-
wardly therethrough; and

means for selectively incrementally permitting said iner-

tia shifter to move relative to the housing circumferen-
tially about said axis to reposition said opening se-
quentially progressively in the direction of unwinding
of the line from said spool thereby progressively incre-
mentally feeding the distal end of the line from said
spool while said spool and housing are rotating about
said axis.

11. The line feeding device of claim 10 wherein said
inertia shifter is releasably retained against circumferential
displacement by a force developed by the distal end of the
line extending outwardly through said opening.

12. An apparatus for controllably feeding flexible line
having a free end from a spool having a core with a vertical
axis about which the spool is intended to be rotated in a

first direction, said apparatus comprising:

a housing;

means for fixing the housing to the spool to define a spool
assembly so that the housing follows rotation of the
spool;

an Inertia shifter,

said housing extending axially downwardly below said

inertia shifter;

means on the inertia shifter and spool assembly which

with the inertia shifter in a first position cooperate o
prevent relative rotation between the inertia shifter
and spool assembly;

means mounting the inertia shifter for movement be-

tween the first position and a second inertia shifter
position in which the inertia shifter is rotatable relative
to the spool assembly;

means biasing the inertia shifter towards its first position,

and

means on the inertia shifter engaging the free end por-

tion of the line so that the line free end follows rota-
tional movement of the inertia shifter and is extend-
able radially relative to the spool as line is paid out
from the spool,

satd inertia shifter, upon being moved against the biasing

means and realizing the second position shifting rotat-
ably relative to the spool as the spool assembly is ro-
tated and thereby causing said line to pay out from the
core.

13. The line feeding apparatus according to claim [2
wherein said inertia shifter is movable axially upwardly
relative to the spool axis to the first position, the inertia
shifter has a through feed hole for passing the free line end,

urged distal end of the line to urge said inertia shifter 50 the means engaging the free end comprises an edge of the

circumferentially about said axis to reposition said

inertia shifter about the feed hole including a downwardly

opening progressively in the direction of unwinding of  facing edge portion, said spool has a flange with a bottom

the line from said spool thereby progressively feeding
the distal end of the line from said spool only while
said inertia shifter is disengaged from said housing.

9. The line feeding device of claim 8 wherein said inertia
shifter is releasably retained against circumferential dis-
placement by a force developed by the distal end of the line
extending outwardly through said opening.

10. In a line feeding device having a housing defining an
axis of rotation, said housing being fixed to a rotatable
spool having a supply of line intended to be fed therefrom
and wound thereabout with a distal end of the line urged
radially outwardly as an incident of rotation of the spool on
said housing about said axis, the improvement comprising:

an annular inertia shifter movably carried for rotation

about said axis with said housing and defining a

through feed hole opening radially of said axis of

surface axially bounding a bottom portion of the core upon
which the line is wound and with the inertia shifter in the

55 first position the downward facing edge portion is spaced
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axially from the flange surface less than the thickness of
the line so that as the spool assembly rotates the centrifugal

forces on the free line end urge the inertia shifter towards

its first position.
14. An apparatus for controllably feeding flexible line,
said apparatus comprising:
a housing to be fixed to a rotary drive for rotation about
a first axis,
a core about which a flexible line with a free end portion
is wound in a first direction,
said housing having a portion radially outwardly of and
in axial overlapping relationship with the core;
means for fixing the core to the housing,
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an inertia shifter;

means on the inertia shifter and housing which, with the
inertia shifter in a first position cooperate to prevent
relative rotation about the first axis berween the iner-
tia shifter and housing;

means mounting the inertia shifter for movement rela-
tive to the housing between the first position and a
second inertia shifter position in which the inertia
shifter ts rotatable relative to the housing about the

first axis; and

means on the inertia shifter engaging the free end por-
tion of the line so that the free end portion of the line
follows rotational movement of the inertia shifter and
is extendable radially relative to the first axis as line is
being paid out from the core,

said inertia shifter, in said second position, shifting rotat-
ably relative to the housing about said first axis and
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8
thereby causing line to be controllably fed off of the
core.

15. The line feeding apparatus according to claim 14
wherein the housing has a bottorn surface defining the
lower extremity of the apparatus. |

16. The line feeding apparatus according to claim 14
wherein the core has associated radially extending flanges
defining a line storage space, as the housing is rotated the
free end portion of the line is urged radially outwardly by
centrifugal force and said means engaging the free end of
the line comprises a surface on the inertia shifter surround-
ing an aperture through which the free end portion of the
line is passed and the axially uppermost portion of the
surrounding surface is approximately axially aligned with
the bottom of the line storage space so that the free end
portion of the line urges the inertia shifter toward its first
position as the spool housing assembly is rotated in the first

direction.
| * i | L
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