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FIG. 4
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FIG. 10
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MULTISTAGE TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
USC 119 to Japanese Patent Application No. 2009-178504
filed on Jul. 31, 2009 and Japanese Patent Application No.
2009-199219 filed on Aug. 31, 2009 the entire contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a multistage transmission
in which a plurality of driving gears and a plurality of driven
gears are journaled to mutually parallel gear shafts in a con-
stantly engaged state at every speed.

[0004] 2. Description of Background Art

[0005] In this constant-mesh type multistage transmission,
either set of the driving gears or the driven gears is fixed to the
gear shaft, the other set is turnably journaled to the gear shaft,
and a shift is executed by switching gears fitted to the rotated
shaft out of turnable gears by fitting means.

[0006] The configuration is known by the present applicant
wherein a lost motion mechanism includes shift driving
means that executes a shift by switching fitting means which
are provided between a plurality of gears and the gear shaft
and which fits one gear and the gear shaft for driving the new
gear. See, for example, JP Patent No. 2008-246754.

[0007] As for the shift driving means of the multistage
transmission disclosed in JP Patent No. 2008-246754, a con-
trol rod arranged along a central axis of a hollow part of the
gear shaft is slidingly touched inside four types of cam rods
axially movably slidingly touched to an inside periphery of
the hollow gear shaft. Lost motion mechanisms are laterally
arranged inside the four types of cam rods with each lost
motion mechanism being coupled to the required cam rod.
[0008] In the lost motion mechanism, a spring that axially
acts is inserted between the control rod and each cam rod for
interlock and the lost motion mechanism is housed in the
hollow part of the gear shaft.

[0009] When the control rod is moved for a shift, the fitting
means, the fitting of which is previously maintained, is natu-
rally released by this lost motion mechanism in transition
from a state in which the fitting before the shift by the fitting
means is maintained to a state of fitting after the shift by the
fitting means. Thus, a smooth transition is enabled, and shifts
are smoothly executed without discontinuation.

[0010] An upward shift in acceleration and a downward
shift in deceleration are smoothly executed as described
above. However, in a downward shift in acceleration and an
upward shift in deceleration, as the fitting means the fitting of
which is maintained before the shift is not naturally released,
the shift cannot be executed without any means.

[0011] However, as the control rod is moved by the lost
motion mechanism though the shift cannot be executed, a
driver (a rider) who operates the shift has a sense of incom-
patibility for a situation wherein the shift is disenabled though
the operation is enabled.

[0012] When the control rod is moved by turning a shift
drum by a predetermined angle by operation for a shift and the
shift is executed, fitting by fitting means before the shift is
maintained till fitting by fitting means after the shift by the
lost motion mechanism, the fitting by the fitting means before
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the shift is smoothly released by the fitting by the fitting
means after the shift, and shifts are smoothly executed with-
out discontinuation.

[0013] As the fitting by the fitting means before the shift is
maintained till the fitting by the fitting means after the shift,
the shift drum is turned when operation for the next shift is
executed before the fitting by the fitting means before the shift
is released, a spring of the lost motion mechanism is further
compressed, the control rod is moved, a state in which the
fitting means after the shift is made fittable is released because
of the further movement of the control rod, the fitting by the
fitting means before the shift cannot be finally released, and
the shift is disenabled.

[0014] Nevertheless, as the shift drum is turned, a situation
wherein a shift position of the shift drum and the actual speed
are not matched occurs.

SUMMARY AND OBJECTS OF THE
INVENTION

[0015] According to an embodiment of the present inven-
tion, a multistage transmission is provided with a lost motion
mechanism that can execute a smooth shift and can regulate
operation for a downward shift in acceleration and operation
for an upward shift in deceleration.

[0016] According to an embodiment of the present inven-
tion, a multistage transmission includes a plurality of driving
gears and a plurality of driven gears that are journaled to
mutually parallel gear shafts in a constantly engaged state for
every speed, the plurality of gears of either of the driving
gears or the driven gears are fixed to the gear shaft and a shift
is executed by switching fitting means which are provided
between the other plurality of gears and the gear shaft and fit
them by shift driving means and driving the new gear. The
fitting means includes a normal rotation type fitting means
and a reverse rotation type fitting means fittable in only each
rotation direction of the normal rotation in which power from
an internal combustion engine is transmitted of the gear and
reverse rotation in which power from the side of a driving
wheel is transmitted, each fitting means is provided with a
fitting projection portion provided in a plurality of locations
in a circumferential direction of an inside face of each gear
with a fitting face in the circumferential direction; a fitting
member availably provided to the gear shaft and detachably
fitted to the fitting projection portion of each gear; a plurality
of cam rods which are axially slidably supported by the gear
shaft and on each sliding face of which a plurality of cam
grooves are formed in required locations in an axial direction;
and a pin which is fitted in a diametrical direction in the
required locations of the gear shaft, which is alternately
touched to the sliding face of the cam rod axially moved and
the cam groove, advances and retreats and which operates the
fitting member. The shift driving means is provided with a
control rod provided along a central axis in a hollow part of
the gear shaft inside the plurality of cam rods; and a lost
motion mechanism inserted between the outside periphery of
the control rod and inside faces of the plurality of cam rods
and interlocks the control rod and each cam rod via a spring
that axially acts, a regulating rod moved integrally with the
control rod is slidingly touched to the cam rod and is provided
to the gear shaft, a cutout into which the pin can be fitted
together with the cam groove of the slidingly touched cam rod
is formed corresponding to each cam groove on the regulating
rod, the cutout of the regulating rod corresponding to the cam
groove of the cam rod for normal rotation is formed longer
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than the cam groove on the reverse side to a direction in which
the control rod is moved in an upward shift in a state in which
speed is established, and the cutout of the regulating rod
corresponding to the cam groove of the cam rod for reverse
rotation is formed longer than the cam groove on the reverse
side to a direction in which the control rod is moved in a
downward shift in a state in which speed is established.
[0017] According to an embodiment of the present inven-
tion, the regulating rod is axially relatively slidably provided,
and held between the cam rod for normal rotation and the cam
rod for reverse rotation.

[0018] According to an embodiment of the present inven-
tion, the regulating rod is formed by a member separate from
the control rod and is connected by connecting means so that
the regulating rod is moved integrally with the control rod.
[0019] According to an embodiment of the present inven-
tion, the connecting means is a half cotter, the half cotter is
fitted into both a fitting groove provided on the outside
periphery of the control rod and a fitting groove provided on
an inside face of the regulating rod and the regulating rod is
integrally connected to the control rod.

[0020] According to an embodiment of the present inven-
tion, as for the cam rod and the regulating rod, the rods
provided with the same function are arranged on the outside
periphery of the control rod in symmetrical positions oppo-
sitely.

[0021] According to an embodiment of the present inven-
tion, in the multistage transmission in which the control rod is
operated, either of the two types of fitting means for normal
rotation and for reverse rotation is switched via the lost
motion mechanism and a shift is executed, as the regulating
rod integrally moved with the control rod is provided to the
gear shaft with the regulating rod slidingly touched to the cam
rod and the cutout of the regulating rod corresponding to the
cam groove of the cam rod for normal rotation is formed
longer than the cam groove on the reverse side to the moving
direction of the control rod in the upward shift in a state in
which speed is established. The control rod integrated with
the regulating rod is moved and the upward shift is smoothly
executed because the cutout of the regulating rod has more
clearance on the reverse side to the moving direction than the
pin of the fitting means fitted into the cutout of the regulating
rod when the control rod is moved to shift upward in accel-
eration in which power from the internal combustion engine
is transmitted. However, when the movement of the control
rod is tried so as to shift downward in acceleration, the cutout
of the regulating rod has less clearance on the reverse side to
the moving direction than the pin of the fitting means fitted
into the cutout, the movement of the control rod is regulated
together with the regulating rod, operation for the downward
shift itself is regulated, and a driver (a rider) who tries the
operation has no sense of compatibility.

[0022] In addition, as the cutout of the regulating rod cor-
responding to the cam groove of the cam rod for reverse
rotation is formed longer than the cam groove on the reverse
side to the moving direction of the control rod in the down-
ward shift in a state in which speed is established, the control
rod integrated with the regulating rod is moved and the down-
ward shift is smoothly executed because the cutout of the
regulating rod has more clearance on the reverse side to the
moving direction than the pin of the fitting means fitted to the
cutout when the control rod is moved so as to shift downward
in deceleration in which power from the side of the driving
wheel is transmitted. However, when the movement of the
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control rod is tried so as to shift upward in deceleration, the
cutout of the regulating rod has less clearance on the reverse
side to the moving direction than the pin of the fitting means
fitted into the cutout, the movement of the control rod is
regulated together with the regulating rod and the operation
for the upward shift itself is regulated. Thus, a driver (a rider)
who tries the operation has no sense of compatibility.

[0023] According to an embodiment of the present inven-
tion, as the regulating rod is axially relatively slidably pro-
vided with the regulating rod held between the cam rod for
normal rotation and the cam rod for reverse rotation, one
slidable groove has only to be provided to the gear shaft that
supports the regulating rod and the cam rods for normal
rotation and for reverse rotation in the common axial direc-
tion without providing a dedicated groove to each and a
man-hour for working can be reduced.

[0024] Thus, the cutouts corresponding to the cam grooves
of the two cam rods for normal rotation and for reverse rota-
tion can be provided to one regulating rod and the number of
parts can be reduced.

[0025] According to an embodiment of the present inven-
tion, as the regulating rod is formed by the separate member
from the control rod and is connected to the control rod by the
connecting means to enable integral movement, the regulat-
ing rod and the control rod are separately formed and can be
more easily worked than a case wherein the regulating rod
and the control rod are integrated.

[0026] According to an embodiment of the present inven-
tion, as the half cotter is fitted into both the fitting groove
provided to the outside periphery of the control rod and the
fitting groove provided to the inside face of the regulating rod
and the regulating rod is integrally connected to the control
rod, the control rod and the regulating rod respectively sepa-
rate can be integrally connected with a simple connecting
structure.

[0027] According to an embodiment of the present inven-
tion, as the cam rod and the regulating rod respectively having
the same function are arranged opposite in symmetrical posi-
tions on the outside periphery of the control rod, the move-
ment of the control rod can be evenly transmitted to the cam
rod and the regulating rod, the axis is maintained, and the
movement can be smoothed.

[0028] According to an embodiment of the present inven-
tion, a multistage transmission is provided that prevents a
wrong operation by regulating continuous operation for a
shift at an extremely short time interval for avoiding a situa-
tion wherein a shift position of a shift drum and the actual
speed are not matched.

[0029] According to an embodiment of the present inven-
tion, a multistage transmission includes a plurality of driving
gears and a plurality of driven gears that are journaled to
mutually parallel gear shafts in a constantly engaged state
every speed, the plurality of gears of either of the driving
gears or the driven gears are fixed to the gear shaft and a shift
is executed by switching each fitting means which is provided
between the other plurality of gears and the gear shaft and
which fits each other by shift driving means. The fitting means
is provided with a fitting part provided relative to circumfer-
ential plural locations on an inside face of each gear with a
fitting face in a circumferential direction, a fitting member
provided to the gear shaft and detachably fitted to the fitting
part of each gear and a plurality of cam rods which are axially
movably slidingly touched to an inside periphery of the hol-
low gear shaft, on each sliding face of which a plurality of
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cam faces are formed in axial required locations and which
are operated by the movement of the fitting member. The shift
driving means is provided with a control rod axially movably
provided along a central axis of the hollow gear shaft inside
the plurality of cam rods and a lost motion mechanism which
is inserted between the control rod and the plurality of cam
rods and which interlocks the control rod and each cam rod
via a spring that axially acts. The lost motion regulating
means prohibits lost motion operation over one stage of a shift
for the lost motion mechanism.

[0030] According to an embodiment of the present inven-
tion, the lost motion mechanism is configured by a spring
holder which covers an outside recessed portion formed by
reducing a diameter of the control rod, which is slidably
armored on the control rod in an axial position, which is
integrally fitted to a required cam rod and where an inside
recessed portion having the same axial length as the outside
recessed portion is formed corresponding to the outside
recessed portion, a pair of spring bearers are made opposite
across both space of the outside recessed portion of the con-
trol rod and the corresponding inside recessed portion of the
spring holder and the spring which is inserted between the
pair of spring bearers and which pushes both spring bearers in
directions in which they are separated. An extended-diameter
stopper part, a diameter of which is extended, is formed in the
axial center of the outside recessed portion of the control rod
as the lost motion regulating means and both end faces of the
extended-diameter stopper part are opposite to the pair of
spring bearers with moving distance for one stage of a shift
maximum between both end faces.

[0031] According to an embodiment of the present inven-
tion, the spring bearer is configured by a split cotter acquired
by splitting an annular shape in two and the spring holder is
configured by a bottomed cylindrical member the inside
recessed portion of which is axially divided in two.

[0032] According to an embodiment of the present inven-
tion, the lost motion mechanism is inserted between the out-
side periphery of the control rod and each inside face of the
plurality of cam rods.

[0033] According to an embodiment of the present inven-
tion, the lost motion mechanism is inserted between an axial
end of the cam rod and the outside periphery of the control
rod.

[0034] According to an embodiment of the present inven-
tion, the lost motion regulating means that prohibits lost
motion operation over one stage of a shift for the lost motion
mechanism is provided, a wrong operation is prevented by
prohibiting further operation for a shift that causes lost
motion operation over one stage of a shift before fitting by the
fitting means before a shift is released after operation for the
shift for one stage is made. Therefore, a wrong operation is
prevented, and a situation wherein a shift position of the shift
drum and actual speed are not matched can be avoided.
[0035] According to an embodiment of the present inven-
tion, the lost motion regulating means can be configured with
a simple structure wherein the extended-diameter stopper
part, the diameter of which is extended, is formed in the axial
center of the outside recessed portion of the control rod.
[0036] According to an embodiment of the present inven-
tion, as the spring bearer is configured by the split cotter and
the spring holder is configured by the bottomed cylindrical
member the inside recessed portion of which is axially
divided in two, the split cotter is arranged in each recessed
portion on both sides even if the extended-diameter stopper
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part is formed in the axial center of the outside recessed
portion of the control rod, the spring holder can be easily
mounted, and the assembly of the lost motion mechanism is
facilitated.

[0037] According to an embodiment of the present inven-
tion, as the lost motion mechanism is inserted between the
outside periphery of the control rod and each inside face of the
plurality of cam rods, the axial width of the transmission can
be reduced.

[0038] According to an embodiment of the present inven-
tion, as the lost motion mechanism is inserted between the
axial end of the cam rod and the outside periphery of the
control rod, the assembly of the lost motion mechanism is
easy and the lost motion mechanism is excellent in assembly
workability.

[0039] Further scope of applicability of the present inven-
tion will become apparent from the detailed description given
hereinafter. However, it should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0041] FIG. 1 is a sectional view showing a multistage
transmission equivalent to one embodiment of this invention;
[0042] FIG. 2 is a sectional view showing a counter gear
shaft and structure around it (a sectional view viewed along a
line II-11 in FIGS. 4 and 5);

[0043] FIG. 3 isanother sectional view showing the counter
gear shaft and the structure around it (a sectional view viewed
along a line in FIGS. 4 and 5);

[0044] FIG. 4 is a sectional view viewed along a line IV-IV
in FIGS. 2 and 3;

[0045] FIG. 5 is a sectional view viewed along a line V-V in
FIGS. 2 and 3;
[0046] FIG. 6 is an exploded perspective view showing a

control rod and a lost motion mechanism;

[0047] FIG. 7 is an exploded perspective view showing a
state in which the lost motion mechanism is mounted on the
control rod, cam rods and others;

[0048] FIG. 8 is a perspective view showing a regulating
rod;
[0049] FIG. 9 is a left side view (a view viewed from a

direction shown by an arrow IX in FIG. 8) showing the regu-
lating rod;

[0050] FIG. 10 is an exploded perspective view showing
the counter gear shaft, a pin and a part of a spring;

[0051] FIG. 11 is a left side view (a view viewed from a
direction shown by an arrow XI in FIG. 10) showing the
counter gear shaft;

[0052] FIG. 12 is an exploded perspective view showing a
swingable pawl, a journaling pin, the pin and the spring;
[0053] FIG. 13 is a perspective view showing a state in
which a part of shift driving means and fitting means are
mounted on the control rod;
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[0054] FIG. 14 is a perspective view showing a state in
which a bearing collar is armored on the counter gear shaft in
a state shown in FIG. 13;

[0055] FIG. 15 is an explanatory drawing showing posi-
tional relation among the cam rod, the regulating rod and the
pin in an accelerated state of first speed;

[0056] FIG. 16 is an explanatory drawing showing posi-
tional relation among the cam rod, the regulating rod and the
pin in an accelerated state of second speed;

[0057] FIG. 17 is an explanatory drawing showing posi-
tional relation among the cam rod, the regulating rod and the
pin in a decelerated state of the second speed.

[0058] FIG. 18 is a sectional view showing a multistage
transmission equivalent to an embodiment of this invention;
[0059] FIG. 19 is a sectional view showing a counter gear
shaft and structure around it (a sectional view viewed along a
line II-11 in FIGS. 21 and 22);

[0060] FIG. 20 is another sectional view showing the
counter gear shaft and the structure around it (a sectional view
viewed along a line in FIGS. 21 and 22);

[0061] FIG. 21 isasectional view viewed along a line [V-IV
in FIGS. 19 and 20;

[0062] FIG. 22 is a sectional view viewed along a line V-V
in FIGS. 19 and 20;

[0063] FIG. 23 is an exploded perspective view showing a
control rod and a lost motion mechanism;

[0064] FIG. 24 is an exploded perspective view showing a
state in which the lost motion mechanism is mounted on the
control rod, cam rods and others;

[0065] FIG. 25 is an exploded perspective view showing
the counter gear shaft, a part of pins and a part of springs;
[0066] FIG. 26 is a left side view showing the counter gear
shaft (a view viewed from a direction shown by an arrow IX
in FIG. 25);

[0067] FIG. 27 is an exploded perspective view showing a
swingable pawl, a journaling pin, a pin and a spring;

[0068] FIG. 28 is a perspective view showing a state in
which a part of shift driving means and fitting means are
mounted on the control rod;

[0069] FIG. 29 is a perspective view showing a state in
which one bearing collar is armored on the counter gear shaft
in the state shown in FIG. 28;

[0070] FIG.30isasectional view showing the counter gear
shaft immediately before an upward shift to second speed is
completed and the structure around it;

[0071] FIG. 31 is a sectional view viewed along a line
XIV-X1V in FIG. 30;

[0072] FIG. 32 is a sectional view viewed along a line
XV-XV in FIG. 30; and

[0073] FIG. 33 is a sectional view showing a counter gear
shaft of a multistage transmission equivalent to another
embodiment and structure around it.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0074] Referringto FIGS. 11017, the present invention will
be described below wherein a multistage transmission 10 is
built in an internal combustion engine mounted in a motor-
cycle.

[0075] FIG. 1 is a sectional view showing the multistage
transmission 10 and as shown in FIG. 1, the multistage trans-
mission 10 is provided to an engine casing 1 that also covers
the internal combustion engine.
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[0076] The engine casing 1 is configured by uniting a left
engine casing 11 and a right engine casing 1R, respectively,
wherein the laterally divided forms a transmission chamber 2
with a main gear shaft 11 and a counter gear shaft 12 being
rotatably journaled to the transmission chamber 2 with the
gear shafts laterally laid mutually in parallel.

[0077] The main gear shaft 11 is rotatably journaled to a
side wall of the left engine casing 11 and a side wall 1RR of
the right engine casing 1R via each bearing 3L, 3R and pierces
the right bearing 3R. A multi-disc type friction clutch 5 is
provided to its right end and projects from the transmission
chamber 2.

[0078] A primary driven gear 4 to which the rotation of a
crankshaft not shown is transmitted is rotatably journaled to
the main gear shaft 11 on the left side of the friction clutch 5.
[0079] The rotation of the crankshaft of the internal com-
bustion engine is transmitted to the main gear shaft 11 via the
friction clutch 5 in a connected state from the primary driven
gear 4.

[0080] The counter gear shaft 12 is also rotatably journaled
to the side wall of the left engine casing 11. and the side wall
1RR oftheright engine casing 1R viaeach bearing 71., 7R and
pierces the left bearing 7L.. An output sprocket 70 is fixed to
its left end projecting from the transmission chamber 2 via
splines.

[0081] A driving chain wound onto the output sprocket 70
is wound onto a sprocket that drives a rear wheel not shown
behind the output sprocket, the rotational power of the
counter gear shaft 12 is transmitted to the rear wheel, and a
vehicle is made to operate.

[0082] A group m of driving transmission gears is formed
between the left and right bearings 31, 3R on the main gear
shaft 11 so that the group can be turned integrally with the
main gear shaft 11.

[0083] The first driving transmission gear m1 is integrated
with the main gear shaft 11 along the right bearing 3R, and
second, third, fourth, fifth and sixth driving transmission
gears m2, m3, m4, m5, mé each diameter of which is sequen-
tially increased in order from the right to the left are fitted to
a spline formed between the first driving transmission gear
m1 of the main gear shaft 11 and the left bearing 3L via each
spline.

[0084] Inaddition, a group n of driven transmission gears is
turnably journaled to the counter gear shaft 12 between the
left and right bearings 7L, 7R via each annular bearing collar
13.

[0085] On the counter gear shaft 12, the five bearing collars
13 are armored at an equal interval between the bearing collar
13 at its right end armored via a washer 14R mounted on the
left side of the right bearing 7R and the bearing collar 13 at its
left end armored via a washer 141, mounted on the right side
of'the left bearing 7L, and first, second, third, fourth, fifth and
sixth driven transmission gears nl, n2, n3, nd, n5, n6 each
diameter of which is sequentially decreased in order from the
right to the left with each driven transmission gear mounted
between the adjacent bearing collars 13 of all the seven bear-
ing collars 13 being turnably journaled.

[0086] The first, second, third, fourth, fifth and sixth driv-
ing transmission gears m1, m2, m3, m4, m5, mé turned inte-
grally with the main gear shaft 11 are respectively constantly
engaged with the corresponding first, second, third, fourth,
fifth and sixth driven transmission gears nl, n2, n3, n4, n5, n6
respectively turnably journaled to the counter gear shaft 12.
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[0087] The engagement of the first driving transmission
gear m1 and the first driven transmission gear nl produces
first speed the speed reducing ratio of which is the largest, the
engagement of the sixth driving transmission gear mé6 and the
sixth driven transmission gear n6 produces a sixth speed the
speed reducing ratio of which is the smallest, the speed reduc-
ing ratio is sequentially decreased between them, and second
speed, third speed, fourth speed and fifth speed are produced.
[0088] On the counter gear shaft 12, the gears for odd-
numbered speeds (the first, third and fifth driven transmission
gears nl, n3, n5) and the gears for even-numbered speeds (the
second, fourth and sixth driven transmission gears n2, n4, n6)
are alternately arranged.

[0089] Fitting means 20 which can be fitted to each driven
transmission gear n is built in the hollow cylindrical counter
gear shaft 12 as described later. A total of four types of eight
cam rods C (Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe) com-
posed by two every type which is one component of the fitting
means 20 as described above and a total of two types of four
regulating rods E, F composed by two every type are fitted
into cam guide grooves 12g formed on a inside periphery of
the hollow counter gear shaft 12 and described later, and the
cam rods and the regulating rods are axially movably pro-
vided.

[0090] A control rod 51 which is one component of shift
driving means 50 that drives the cam rod C and shifts speed is
inserted along a central axis of a hollow part of the counter
gear shaft 12, the axial movement of the control rod 51 inte-
grally moves the regulating rods E, F, and axially moves the
cam rod C in interlock via lost motion mechanisms 52, 53.
[0091] A mechanism that axially moves the control rod 51
is provided to the right engine casing 1R.

[0092] The axial movement of the control rod 51 axially
moves the cam rod C in interlock via the lost motion mecha-
nism 52, 53, the movement of the cam rod C selectively fits
each driven transmission gear n to the counter gear shaft 12 by
the fitting means 20 built in the counter gear shaft 12. Thus,
the speed is shifted.

[0093] As shown in FIG. 6, the control rod 51 of the shift
driving means 50 is in the shape of a cylindrical rod, a central
recessed portion 51¢ is formed in the center in its axial direc-
tion, and further, outside recessed portions 51a, 515 are
formed in a predetermined length in two locations laterally.
[0094] The left end 51 as of the control rod 51 is short and
at the right end, a male screw end 5165 where a long male
screw is formed and a hexagon nut 51z located before the
male screw end 51bb are formed.

[0095] The lost motion mechanisms 52, 53 are fitted corre-
sponding to the left and right outside recessed portions 51a,
515 of the control rod 51.

[0096] The left and right lost motion mechanisms 52, 53
have the same structure and are arranged bilaterally sym-
metrically.

[0097] A spring holder 52/ into which the control rod 51 is
slidably fitted of the left lost motion mechanism 52 is config-
ured by coupling a long holder 52// and a short holder 524s,
and an inside recessed portion 52/ka corresponding to the
outside recessed portion 51a of the control rod 51 is formed
on its inside face.

[0098] When the control rod 51 is made to pierce the spring
holder 52/ and the spring holder 52/ is located in the outside
recessed portion 51a, both space of the inside recessed por-
tion 52ha of the spring holder 52/ and the outside recessed
portion 51a of the control rod 51 is made in a common space.
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[0099] A pair ofleft and right cotters 52¢, 52¢ for bearing a
spring are inserted opposite in both spaces of the inside
recessed portion 52/a of the spring holder 52/ and the outside
recessed portion 51a of the control rod 51, a compression coil
spring 52s wound onto the control rod 51 is inserted between
both cotters 52¢, 52¢, and the compression coil spring presses
both cotters 52¢, 52¢ in a direction in which both cotters are
separated.

[0100] Thecotter 52¢ is in the shape of a hollow disc having
an inside diameter of the inside recessed portion 52/4a of the
spring holder 527 as its outside diameter and having an out-
side diameter of the outside recessed portion 51a of the con-
trol rod 51 as its inside diameter and is divided into halves for
assembly.

[0101] Therightlostmotion mechanism 53 (a spring holder
53h, a long holder 534/, a short holder 534s, an inside
recessed portion 534a, a cotter 53¢, a compression coil spring
53s) also has the same structure and is arranged in the outside
recessed portion 515 of the control rod 51.

[0102] Accordingly, when the control rod 51 is axially
moved, the spring holders 52/, 53/ are axially moved via the
compression coil springs 52s, 53s of the left and right lost
motion mechanisms 52, 53.

[0103] The eight cam rods C (Cao, Cao, Cae, Cae, Cbo,
Cbo, Che, Cbe) are radially touched to outside faces of the
spring holders 52/, 53/ of the lost motion mechanisms 52, 53
mounted in the left and right outside recessed portions 51a,
5154 of the control rod 51 (see FIG. 7).

[0104] The cam rod C is a prism the section of which is
rectangular and which is axially extended long, the peripheral
side on the reverse side to the inner side touched to the spring
holder 52/, 53/ forms a cam face, a cam groove v is formed
in three required locations on the cam face, and a pair of fitting
pawls p for fitting either of the spring holders 52/, 53/ with
either held between the pair of fitting pawls project from the
inner side.

[0105] As the cam rod C has no section in a special shape
and the outline is substantially the simple rectangular prism,
the cam rod C can be easily manufactured.

[0106] The cam rods Cao, Cbo for odd-numbered speeds
where the cam grooves v1, v3, v5 are formed in the three
locations corresponding to the gears for odd-numbered
speeds (the first, third and fifth driven transmission gears nl,
n3, n5) have two types of a type for normal rotation (a rota-
tional direction in which force is applied to the counter gear
shaft 12 from the driven transmission gear n in acceleration)
and a type for reverse rotation (a rotational direction in which
force is applied to the counter gear shaft 12 from the driven
transmission gear n in deceleration). One cam rod Cao for
normal rotation and odd-numbered speed is provided with the
fitting pawl p for fitting to the right spring holder 53/ on the
inner side and the other cam rod Cbo for reverse rotation and
an odd-numbered speed is provided with the fitting pawl p for
fitting to the left spring holder 52/ on the inner side (see FIG.
D.

[0107] Similarly, the camrods Cae, Cbe for even-numbered
speeds where the cam grooves v2, v4, v6 are formed in the
three locations corresponding to the gears for even-numbered
speeds (the second, fourth and sixth driven transmission gears
n2, n4, n6) have two types, one type for normal rotation and
another type for reverse rotation. One cam rod Cae for normal
rotation and even-numbered speed is provided with the fitting
pawl p for fitting to the left spring holder 52/ on the inner side
and the other cam rod Cbe for reverse rotation and even-
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numbered speed is provided with the fitting pawl p for fitting
to the right spring holder 53/ on the inner side (see FIG. 7).
[0108] Accordingly, the cam rod Cao for normal rotation
and odd-numbered speed and the cam rod Cbe for reverse
rotation and even-numbered speed are axially interlocked
with the axial movement of the control rod 51 together with
the spring holder 53/ via the compression coil spring 53s of
the right lost motion mechanism 53, and the cam rod Cbo for
reverse rotation and odd-numbered speed and the cam rod
Cae for normal rotation and even-numbered speed are axially
interlocked together with the spring holder 52/ via the coil
spring 52s of the left lost motion mechanism 52.

[0109] Inaddition, as shown in FIG. 7, the total four regu-
lating rods composed by the two types of two regulating rods
E, F are provided with each regulating rod held between the
two cam rods C.

[0110] One regulating rod E is installed with the regulating
rod E held between the cam rod Cae for normal rotation and
even-numbered speed and the cam rod Cbo for reverse rota-
tion and odd-numbered speed and the other regulating rod F
is installed with the regulating rod F held between the cam rod
Cao for normal rotation and odd-numbered speed and the cam
rod Cbe for reverse rotation and even-numbered speed.
[0111] As shown in FIGS. 8 and 9, each section of the
regulating rods E, F is in the shape of a narrow fan, each
regulating rod is a laterally long rod, in comparison with the
rectangular section of the cam rod C, the diametrical length is
substantially the same, and the circumferential width is
larger.

[0112] As for the regulating rod E, cutouts e2, e4, e6 are
formed corresponding to the cam grooves v2, v4, v6 of the
cam rod Cae for normal rotation and even-numbered speed at
a side edge where the side to which the cam rod Cae for
normal rotation and even-numbered speed is slidingly
touched and the outside periphery cross, and cutouts el, e3,
e5 are formed corresponding to the cam grooves v1, v3, v5 of
the cam rod Cbo for reverse rotation and odd-numbered speed
at a side edge where the side to which the cam rod Cbo for
reverse rotation and odd-numbered speed is slidingly touched
and the outside periphery cross.

[0113] Similarly, as for the regulating rod F, cutouts f1, {3,
{5 are formed corresponding to the cam grooves v1, v3, v5 of
the cam rod Cao for normal rotation and an odd-numbered
speed at a side edge where the side to which the cam rod Cao
for normal rotation and odd-numbered speed is slidingly
touched and the outside periphery cross, and cutouts 2, {4, 6
are formed corresponding to the cam grooves v2, v4, v6 of the
cam rod Cbe for reverse rotation and even-numbered speed at
a side edge where the side to which the cam rod Cbe for
reverse rotation and even-numbered speed is slidingly
touched and the outside periphery cross.

[0114] The cam grooves v1, v2, v3, v4, v5, v6 all have the
same length axially short, while the other cutouts €2, €3, e4,
e5 except the cutouts el and e6 of the regulating rod E and the
cutouts f1, 12, 3, {4, {5, {6 of the regulating rod F are axially
longer than the cam groove approximately twice and the
cutouts el and e6 have the substantially same axial length as
that of the cam groove v.

[0115] As for the regulating rod E, a pair of fitting pawls ep
opposite via predetermined width in predetermined positions
in the vicinity of the center in an axial direction on its inside
face project and similarly, as for the regulating rod F, a pair of
fitting pawls fp also project in predetermined positions on its
inside face.
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[0116] Each regulating rod E, F is arranged with its inside
face touched to the spring holder 52/, 53/ of each lost motion
mechanism 52, 53 in a state in which each regulating rod is
held between the two cam rods C (shown by an alternate long
and two short dishes line in FIG. 9) as shown in FIG. 9,
however, as shown in FIG. 7, a half cotter 80 for assembly is
fitted into the central recessed portion 51¢ of the control rod
51, the pair of fitting pawls ep projecting from the inside face
of the regulating rod E and the pair of fitting pawls fp pro-
jecting from the inside face of the regulating rod F are fitted to
the cotter 80 with the cotter held between the pairs, and the
control rod 51 and the regulating rods E, F are connected via
the cotter 80.

[0117] The control rod 51 and the regulating rods E, F are
integrally connected by fitting the cotter into a fitting groove
between the fitting pawls ep of the regulating rod E and a
fitting groove between the fitting pawls fp of the regulating
rod F and fitting the retainer 81 and the washer 82 in a state in
which the outside face and one side of the cotter 80 fitted into
the central recessed portion 51¢ of the control rod 51 are
coated with a retainer 81 and a washer 82 is touched to the
other side of the cotter 80.

[0118] Accordingly, the regulating rods E, F are moved
laterally in the axial direction integrally with the control rod
51.

[0119] Asshown in FIG. 7, a control rod operating cylinder
55 is attached to a right end on the right side of the nut 517 of
the control rod 51 via a ball bearing 56 fitted inside the
operating cylinder.

[0120] As for the ball bearing 56, the two ball bearings are
axially coupled, are fitted to the right end on the right side of
the nut 51z of the control rod 51, and are fastened by a nut 57
screwed on the male screw end 5156 with the ball bearings
held between the nut 517 and the nut 57.

[0121] Accordingly, the control rod operating cylinder 55
rotatably holds the right end of the control rod 51.

[0122] A pin hole 55/ bored in a diametrical direction is
formed in a cylindrical part extending on the right side of the
screwed nut 57 of the control rod operating cylinder 55 with
a shift pin 58 piercing the pin hole 55/.

[0123] Both ends of the shift pin 58 piercing the control rod
operating cylinder 55 project as shown in FIG. 1.

[0124] A groove 60 is laterally formed in a guide part 1Ra
projecting rightward from the side wall 1RR of the right
engine casing 1R and a projecting head at one end of the shift
pin 58 is slidably fitted into the groove 60 so as to prevent the
shift pin 58 from being turned.

[0125] A spindle 65 projects rightwardly from the side wall
1RR, a shift drum 67 is turnably journaled to the spindle 65
via a bearing 66, and the projecting other end of the shift pin
58 is slidably fitted into a shift groove 67v of the shift drum 67.
[0126] The shift groove 67v of the shift drum 67 is formed
spirally substantially around an outside face of the drum, and
there, a position of each speed from the first to the sixth speed
and a neutral position on the way of the positions are formed
every predetermined turning angle (for example, 60 degrees).
[0127] Accordingly, the turning of the shift drum 67 axially
moves the shift pin 58 fitted into the shift groove 67v together
with the control rod operating cylinder 55.

[0128] As the control rod operating cylinder 55 rotatably
holds the right end of the control rod 51, the turning of the
shift drum 67 finally axially moves the control rod 51.
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[0129] The shift drum 67 is turned via shift transmission
means (not show) by the manual operation of a shift select
lever not shown.

[0130] The shift transmission means is provided with a
mechanism such as a shift cam for stably holding the shift
drum 67 in the position of speed for every predetermined
angle, transmits power by operating the shift select leverto a
gear 67g formed at a side edge of the shift drum 67, and
sequentially turns the shift drum 67 to the position of speed.
[0131] As described above, in the shift driving means 50,
the shift drum 67 is turned by the manual operation of the shift
select lever, the turning of the shift drum 67 guides and axially
moves the shift pin 58 fitted into the shift groove 67v, the
movement of the shift pin 58 axially moves the control rod 51
via the control rod operating cylinder 55, and the eight cam
rods Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe of the fitting
means 20 are made to interlock via the lost motion mecha-
nisms 52, 53 by the movement of the control rod 51.

[0132] The control rod 51 on which the lost motion mecha-
nisms 52, 53 are mounted is inserted into the hollow part of
the counter gear shaft 12 and is arranged along the central
axis.

[0133] As for the hollow cylindrical counter gear shaft 12,
the inside diameter is substantially equal to the outside diam-
eter of each spring holder 52/, 53/ of the lost motion mecha-
nisms 52, 53 and the spring holders 52/, 53/ mounted on the
control rod 51 are slidably fitted.

[0134] As shown in a left side view showing the counter
gear shaft 12 in FIG. 11, four cam guide grooves 12g each
section of which is fan-shaped axially extend in four radial
positions at an equal interval in a circumferential direction on
the inside periphery of the hollow counter gear shaft 12.
[0135] The cam rod Cae for normal rotation and even-
numbered speed and the cam rod Cbo for reverse rotation and
odd-numbered speed respectively holding the regulating rod
E between them and the cam rod Cao for normal rotation and
odd-numbered speed and the cam rod Cbe for reverse rotation
and even-numbered speed respectively holding the regulating
rod F between them are slidably fitted into the cam guide
grooves 12g.

[0136] The same types of cam rods C and the regulating
rods E, F are arranged in symmetrical positions.

[0137] Accordingly, the movement of the control rod 51
can be evenly transmitted to the cam rods C and the regulating
rods E, F, the axis is maintained, and the movement can be
smoothed.

[0138] As the two cam rods C and one regulating rod E, F
which are respectively bundled are fitted into each cam guide
groove 12g for preventing the eight cam rods C and the four
regulating rods E, F in the counter gear shaft 12 from being
turned with the two cam rods and one regulating rod, more
cam guide grooves than four are not required, and a man-hour
for working the counter gear shaft 12 can be reduced.

[0139] The depth of the cam guide groove 12g is substan-
tially equal to the length in a diametrical direction of the cam
rod C and the regulating rod E, F, therefore, the cam face
which is the peripheral side of the cam rod C is substantially
slidingly touched to the bottom of the cam guide groove 12g,
the inner side is touched to the outside face of the spring
holder 52/, 53/ at the substantially same level as the inside
periphery, and the fitting pawl p projects from the inner side
holds either of the spring holders 52/ or 53/ from both its
sides.
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[0140] As for the hollow cylindrical counter gear shaft 12,
a left cylindrical part 125 the outside diameter of which is
reduced and a right cylindrical part 12¢ are formed on both
left and right sides of a central cylindrical part 12a to which
the driven transmission gear n is journaled via the bearing
collar 13 (see FIG. 10).

[0141] The bearing 7L is fitted to the left cylindrical part
125 via a washer 141, a spline 12s is partially formed and the
output sprocket 70 is fitted to the spline. In addition, the
bearing 7R is fitted to the right cylindrical part 12¢ via a
washer 14R (see FIGS. 1,2 and 3).

[0142] In the hollow part of the counter gear shaft 12, a
small-diameter inside periphery the inside diameter where
the cam guide groove 12g is formed which is equal to the
outside diameter of the spring holder 52/, 53/ and a large-
diameter inside periphery the inside diameter on both sides of
the small-diameter inside periphery of which is at substan-
tially the same level as the bottom of the cam guide groove
12g are formed (see FIGS. 2 and 3).

[0143] The control rod operating cylinder 55 is inserted
approximately half inside a right extending inside diameter
part.

[0144] As described above, when the control rod 51, the
lost motion mechanisms 52, 53, the eight cam rods Cao, Cao,
Cae, Cae, Cbo, Cbo, Cbe, Cbe and four regulating rods E, F
are built in the hollow part of the counter gear shaft 12, all
these are turned together, when the control rod 51 is axially
moved, the regulating rods E, F are axially moved integrally
with the control rod 51, the cam rod Chbo for reverse rotation
and odd-numbered speed and the cam rod Cae for normal
rotation and even-numbered speed are axially interlocked via
the coil spring 52s of the left lost motion mechanism 52, and
the cam rod Cao for normal rotation and odd-numbered speed
and the cam rod Cbe for reverse rotation and even-numbered
speed are axially interlocked via the coil spring 53s of the
right lost motion mechanism 53.

[0145] As the lost motion mechanisms 52, 53 are inserted
between the outside face of the control rod 51 and the inside
faces of the plurality of cam rods C with the lost motion
mechanisms arranged in the axial direction of the counter
gear shaft 12, the extension in the axial direction of the
multistage transmission 10 is prevented because of the struc-
ture where the control rod 51, the lost motion mechanisms 52,
53 and the cam rods C are overlapped in the diametrical
direction in the hollow part of the counter gear shaft 12, the
lost motion mechanisms 52, 53 are compactly housed in the
hollow part of the counter gear shaft 12, and the multistage
transmission 10 itself can be miniaturized.

[0146] As the lost motion mechanisms 52, 53 are axially
provided on the control rod 51 and each lost motion mecha-
nism 52, 53 interlocks the separate cam rod C, the movement
of one control rod 51 separately moves the plurality of cam
rods C in two types, as a result, a shift can be smoothed, the
manufacturing cost is inhibited by making the lost motion
mechanisms 52, 53 a symmetrical structure, and the manage-
ment of parts in assembly is facilitated.

[0147] AsshowninFIG. 10, the central cylindrical part 12a
of the counter gear shaft 12 to which the driven transmission
gears n are journaled via the bearing collars 13 has a large
outside diameter and is made thick, six narrow circumferen-
tial grooves 12¢v are axially formed at an equal interval
around the central cylindrical part corresponding to the first,
second, third, fourth, fifth and sixth driven transmission gears
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nl, n2, n3, nd, n5, n6é on the thick outside periphery, and four
axial grooves 12av are formed at an equal interval in a cir-
cumferential direction.

[0148] Further, a long rectangular recessed portion 12p
laterally symmetrically extends between the axial grooves
12av where each of four parts partitioned by the four axial
grooves 12av is adjacent to the groove width of each circum-
ferential groove 12¢v in each circumferential groove 12¢cvand
a short rectangular recessed portion 124 laterally symmetri-
cally extending in a part between the axial grooves 12av
adjacent to the groove width of the circumferential groove
12¢v are axially alternately formed on the outside periphery
of'the central cylindrical part 12a of the counter gear shaft 12.
[0149] Spring bearers 124 in the shape of an axially long
ellipse and slightly recessed along the circumferential groove
12¢v are formed in two locations circumferentially apart at
the bottom of the long rectangular recessed portion 12p.
[0150] Inaddition, a pin hole 124 is diametrically bored up
to the cam guide groove 12g on the circumferential groove
12¢v in the thick part between the short rectangular recessed
portion 124 and the axial groove 12av.

[0151] More specifically, the pin hole 12/ is bored in the
radial direction of the cam guide grooves 12g circumferen-
tially carved in four locations from the inside periphery of the
hollow counter gear shaft 12.

[0152] Four pin holes 12/ are formed on each circumfer-
ential groove 12¢v.

[0153] A compression spring 22 elliptically wound is pro-
vided to the spring bearer 124 with its end fitted.

[0154] A pin 23 is slidably fitted into the pin hole 12/.
[0155] As one regulating rod E (F) and two cam rods Cin a
state in which the two cam rods hold one regulating rod are
slidably fitted into each cam guide groove 12g in a bundle, an
end on the central side of the pin 23 fitted into the pin hole 12/
is touched from a cam face of the corresponding cam rod C to
the outside periphery of the regulating rod E (F), when the
cam groove v and the cutout e (f) correspond to the pin hole
12/ by the movement of the cam rods C and the regulating rod
E (F), the pin 23 falls in the cam groove v and the cutout e (f),
when a sliding face except the cam groove v and the outside
periphery except the cutout e (f) correspond, the pin runs on
the sliding face and on the outside periphery, and the pin
advances and retreats by the movement of the cam rods C and
the regulating rod E (F).

[0156] The advance and the retreat of the pin 23 in the pin
hole 12/ define the entrance and the exit of an end on the
centrifugal side to/from the bottom of the circumferential
groove 12¢v.

[0157] A swingable pawl R is buried in the long rectangular
recessed portion 12p, the short rectangular recessed portion
124 and the circumferential groove 12cv communicating with
both recessed portions respectively formed on the outside
periphery of the central cylindrical part 12a of the counter
gear shaft 12 having the above-mentioned structure, and a
journaling pin 26 that swingably journals the swingable pawl
R is buried in the axial groove 12av.

[0158] FIG. 13 shows a state in which as described above,
all swingable pawls R are mounted.

[0159] An exploded perspective view in FIG. 12 shows the
four swingable pawls R buried in the circumference groove
12¢v, the long rectangular recessed portion 12p and the short
rectangular recessed portion 12¢ respectively corresponding
to the odd-numbered gears (the first, third, fifth driven trans-
mission gears nl, n3, n5) and the four swingable pawls R
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buried in the circumferential groove 12¢v, the long rectangu-
lar recessed portion 12p and the short rectangular recessed
portion 124 respectively corresponding to the even-numbered
gears (the second, fourth, sixth driven transmission gears n2,
nd, n6) in positions in which mutual relative angular posi-
tional relation is maintained. In addition, the exploded per-
spective view also shows the journaling pins 26 that journals
each swingable pawl R, the compression springs 22 that act
on each swingable pawl R and the pins 23.

[0160] All the swingable pawls R have the same shape, are
substantially in the shape of a circular arc in an axial view, the
outside periphery of a through hole for the journaling pin 26
to pierce is removed in the center of the swingable pawl and
a bearing recessed portion Rd is formed, a wide rectangular
fitting pawl member Rp is formed on one side with the bear-
ing recessed portion Rd in the center of a swing, a narrow pin
bearer Rr extends on the other side, and a wide end Rq is
formed at the end of the pin bearer.

[0161] As for the swingable pawl R, the pin bearer Rr is
swingably fitted into the circumferential groove 12¢v in
which the pin hole 127 is formed. One fitting pawl member
Rp is swingably fitted into the long rectangular recessed
portion 12p, the bearing recessed portion Rd is matched with
the axial groove 12av, and the other wide end Rq is fitted into
the short rectangular recessed portion 12g¢.

[0162] The journaling pin 26 is fitted into the matched
bearing recessed portion Rd and axial groove 12av.

[0163] The swingable pawl R is symmetrically formed in
relation to the fitted circumferential groove 12¢v, one wide
rectangular fitting pawl member Rp is heavier than the other
pin bearer Rr and the wide end Rq, when the swingable pawl
is turned together with the counter gear shaft 12 with the
swingable pawl journaled by the journaling pin 26, the fitting
pawl member Rp acts as a weight against centrifugal force,
and the fitting pawl member swings the swingable pawl R so
that the swingable pawl projects in a centrifugal direction.
[0164] The swingable pawl R is formed so that the width of
the pin bearer Rr is narrower than that of the fitting pawl
member Rp on the reverse side in relation to the center of a
swing.

[0165] As the pin bearer Rr has only to have width enough
to bear the pin 23, the swingable pawl R can be miniaturized
and a swing by centrifugal force by the other fitting pawl
member Rp can be facilitated.

[0166] As the swingable pawls R circumferentially adja-
cent are mounted on the counter gear shaft 12 in mutually
symmetrical positions, the fitting pawl members Rp opposite
at a predetermined interval are fitted into the common long
rectangular recessed portion 12p and the other wide ends Rq
mutually close are fitted into the common short rectangular
recessed portion 124.

[0167] The compression spring 22 one end of which is
supported by the spring bearer 12d of the counter gear shaft
12 is inserted inside the fitting pawl member Rp of the swing-
able pawl R and the pin 23 fitted into the pin hole 12/ is
inserted between the cam rod C and the pin bearer inside the
pin bearer Rr.

[0168] As described above, as the swingable pawl R is
swingably journaled by the journaling pin 26, is buried in the
long rectangular recessed portion 12p, the short rectangular
recessed portion 12¢g and the circumferential groove 12c¢v
respectively of the counter gear shaft 12, one fitting pawl
member Rp is pressed outside by the compression spring 22
and the other pin bearer Rr is pressed by the advance and the
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retreat of the pin 23, the swingable pawl R is swung against
the pressure of the compression spring 22 and centrifugal
force by the fitting pawl member Rp.

[0169] When the pin 23 advances in the centrifugal direc-
tion and swings the swingable pawl R, the fitting pawl mem-
ber Rp disappears in the long rectangular recessed portion
12p in the swingable pawl R and nothing projects outside
from the outside periphery of the central cylindrical part 12a
of the counter gear shaft 12.

[0170] When the pin 23 retreats, the fitting pawl member
Rp which is pressed by the compression spring 22 and on
which centrifugal force acts projects outside from the outside
periphery of the central cylindrical part 12a of the counter
gear shaft 12 and can be fitted to the driven transmission gear
n.
[0171] As the compression spring 22 is inserted between
the inside face of the fitting pawl member Rp of the swingable
pawl R and the opposite long rectangular recessed portion
12p of the counter gear shaft 12, space dedicated for the
spring is axially not required, the counter gear shaft 12 can be
prevented from being axially large-sized, the compression
spring 22 is arranged in the center of the axial width of the
swingable pawl R and axial both sides of the swingable pawl
R itself can be can be symmetrical. Therefore, two types of
swingable pawls the fitting and the release of fitting of which
are made in both directions of the relative rotational direction
of'the driven transmission gear n and the counter gear shaft 12
can have the same shape, and swingable pawls different in
shape are not required to be prepared.

[0172] As the compression spring 22 is in the shape of an
ellipse its longer diameter of which is along the axis of the
counter gear shaft 12, the longer diameter of the elliptic
compression spring 22 is larger than the width of the pin
bearer Rr of the swingable pawl R and the compression spring
is caught across the round circumferential groove 12¢v into
which the pin bearer Rr is swingably fitted. Thus, the working
of the counter gear shaft 12 is facilitated and the swingable
pawl R can be stably mounted on the counter gear shaft 12.
[0173] The four swingable pawls R corresponding to the
odd-numbered gears (the first, third and fifth driven transmis-
sion gears nl, n3, n5) and the four swingable pawls R corre-
sponding to the even-numbered gears (the second, fourth and
sixth driven transmission gears n2, nd, n6) are located in the
relative angular positional relation in which they are mutually
turned by 90 degrees with the shaft in the center.

[0174] As for the four swingable pawls R corresponding to
the odd-numbered gears (the first, third and fifth driven trans-
mission gears nl, n3, n5), a pair of swingable pawls Rao for
normal rotation and odd-numbered speeds which abut in a
direction of the normal rotation of the gears and which are
fitted so that each odd-numbered driven transmission gearnl,
n3, n5 and the counter gear shaft 12 are synchronously turned
and a pair of the swingable pawl Rbo for reverse rotation and
odd-numbered speeds which abut in a direction of the reverse
rotation of the gears and which are fitted so that each odd-
numbered driven transmission gear n1, n3, n5 and the counter
gear shaft 12 are synchronously turned are provided in sym-
metrical positions.

[0175] Similarly, as for the four swingable pawls R corre-
sponding to the even-numbered gears (the second, fourth and
sixth driven transmission gears n2, n4, n6), a pair of swing-
able pawls Rae for normal rotation and even-numbered
speeds which abut in the direction of the normal rotation of
the gears and which are fitted so that each even-numbered
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driven transmission gear n2, n4, n6 and the counter gear shaft
12 are synchronously turned and a pair of swingable pawl Rbe
for reverse rotation and even-numbered speeds which abut in
the direction of the reverse rotation of the gears and which are
fitted so that each even-numbered driven transmission gear
n2, n4, n6 and the counter gear shaft 12 are synchronously
turned are in symmetrical positions.

[0176] The swingable pawl Rao for normal rotation and
even-numbered speed is swung by the pin 23 that advances
and retreats by the movement of the cam rod Cao for normal
rotation and odd-numbered speed and the swingable pawl
Rbo forreverse rotation and odd-numbered speed is swung by
the pin 23 that advances and retreats by the movement of the
cam rod Cbo for reverse rotation and odd-numbered speed.
[0177] Similarly, the swingable pawl Rae for normal rota-
tion and even-numbered speed is swung by the pin 23 that
advances and retreats by the movement of the cam rod Cae for
normal rotation and even-numbered speed and the swingable
pawl Rbe for reverse rotation and even-numbered speed is
swung by the pin 23 that advances and retreats by the move-
ment of the cam rod Cbe for reverse rotation and even-num-
bered speed.

[0178] Whenthe fitting means 20 is built in the counter gear
shaft 12, the bearing collar 13 at the right end is first armored
atan outside end of the central cylindrical part 124, one end of
the journaling pin 26 is fitted into the axial groove 12av inside
the bearing collar 13, the fitting means 20 at the right end is
built in, the next fitting means 20 is built in as the last fitting
means after the next bearing collar 13 is armored to cover the
other end of the journaling pin 26, the bearing collar 13 at the
left end is finally armored by sequentially repeating the
above-mentioned steps, and all the steps are finished.

[0179] As shown in FIG. 14, the bearing collars 13 are
armored in axial positions except the long rectangular
recessed portion 12p and the short rectangular recessed por-
tion 12¢ respectively of the central cylindrical part 12a and
each bearing collar is arranged across each journaling pin 26
and its adjacent journaling pin 26 which are buried in the axial
groove 12av continuously in a line so as to prevent the jour-
naling pin 26 and the swingable pawl R from falling.

[0180] As the journaling pin 26 buried in the axial groove
12av of the central cylindrical part 12a of the counter gear
shaft 12 is buried in depth in contact with the outside periph-
ery of the central cylindrical part 12qa, the journaling pin is
firmly fixed when the bearing collar 13 is armored.

[0181] The fitting pawl members Rp of the swingable pawl
Rao for normal rotation and odd-numbered speed (the swing-
able pawl Rae for normal rotation and even-numbered speed)
and the swingable pawl Rbo for reverse rotation and odd-
numbered speed (the swingable pawl Rbe for reverse rotation
and even-numbered speed) extend on mutually opposite
sides, the swingable pawl Rao for normal rotation and odd-
numbered speed (the swingable pawl Rae for normal rotation
and even-numbered speed) is touched and fitted to a fitting
projection portion 31 in a direction of the normal rotation of
the driven transmission gear n (and the counter gear shaft 12),
and the swingable pawl Rbo for reverse rotation and odd-
numbered speed (the swingable pawl Rbe for reverse rotation
and even-numbered speed) is touched and fitted to the fitting
projection portion 31 in a direction of the reverse rotation of
the driven transmission gear n.

[0182] The swingable pawl Rao for normal rotation and
odd-numbered speed (the swingable pawl Rae for normal
rotation and even-numbered speed) is not fitted even if the
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fitting pawl member Rp projects outside when the driven
transmission gear n is turned in a reverse direction. Similarly,
the swingable pawl Rbo for reverse rotation and odd-num-
bered speed (the swingable pawl Rbe for reverse rotation and
even-numbered speed) is not fitted even if the fitting pawl
member Rp projects outside when the driven transmission
gear n is normally turned.

[0183] When the cam rods C are located in a neutral posi-
tion, all the driven transmission gears n are in a fitting released
state that the pin 23 located in a position in which the cam rod
C of the corresponding fitting means 20 is moved and project,
the pin bearer Rq of the swingable pawl R is pushed up from
the inside and the fitting pawl member Rp is drawn inside, and
the driven transmission gears are freely turned on the counter
gear shaft 12.

[0184] In the meantime, in a fitting enabled state wherein
the pin 23 located in a position except the neutral position in
which the cam rod C of the fitting means 20 is moved enters
the cam groove v (and the cutout e, f of the regulating rod E,
F), the swingable pawl R is swung and the fitting pawl mem-
ber Rp projects outside, the fitting projection portion 31 of the
corresponding driven transmission gear n is touched to the
fitting pawl member Rp and the turning of the corresponding
drive transmission gear n is transmitted to the counter gear
shaft 12 or the rotation of the counter gear shaft 12 is trans-
mitted to the corresponding driven transmission gear n.
[0185] In the shift driving means 50, the shift drum 67 is
turned by a predetermined quantity by the manual operation
of'the shift select lever, the turning of the shift drum 67 axially
moves the control rod 51 by a predetermined quantity via the
shift pin 58 fitted into the shift groove 67v, and the eight cam
rods Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe of the fitting
means 20 are interlocked via the lost motion mechanisms 52,
53.

[0186] When the cam rods C (and the regulating rod E, F)
are axially moved, the pin 23 slidingly touched to the cam
face of the cam rod C enters and exits from the cam groove v,
advances and retreats, as a result, the swingable pawl R is
swung, the fitting to the driven transmission gear n is released,
the swingable pawl R is fitted to another driven transmission
gear n, and a shift is executed by changing the driven trans-
mission gears n fitted to the counter gear shaft 12.

[0187] The power of the internal combustion engine is
transmitted to the main gear shaft 11 via the friction clutch 5,
the first, second, third, fourth, fifth and sixth driving trans-
mission gears m1, m2, m3, m4, m5, m6 are integrally turned,
and the first, second, third, fourth, fifth and sixth driven trans-
mission gears nl, n2, n3, n4, n5, n6 respectively constantly
engaged with these driving transmission gears are turned at a
respective revolution speed.

[0188] FIGS. 2 to 5 show a state of the first speed, in F1G. 4,
the first driven transmission gear nl is turned in a direction
shown by an arrow, in FIG. 5, the second driven transmission
gear n2 is turned in a direction shown by an arrow, and the
second driven transmission gear n2 is turned at higher speed
than the first driven transmission gear nl.

[0189] FIG. 15 is an explanatory drawing showing posi-
tional relation among the cam rods Cae, Cbo, Cao, Cbe, the
regulating rods E, F and the pins 23 in an accelerated state of
the first speed (a state in which the power from the internal
combustion engine is transmitted).

[0190] To shift to higher speed, the control rod 51 is
required to be moved to the right, to shift to lower speed, the
control rod 51 is required to be moved to the left, the regulat-
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ing rods E, F are integrally moved by the movement of the
control rod 51, and the cam rods Cae, Cbo, Cao, Cbe are also
interlocked via the lost motion mechanisms 52, 53.

[0191] As shown in FIG. 15, in a state in which the first
speed is established, the cutouts e2, e4 of the regulating rod E
corresponding to the cam grooves v2, v4 of the cam rod Cae
for normal rotation and even-numbered speed are formed
longer than the cam grooves v2, v4 in a leftward direction on
the reverse side to a rightward direction which is a direction of
the movement of the control rod 51 in a shift to higher speed.
[0192] Similarly, the cutouts fl, {3, {5 of the regulating rod
F corresponding to the cam grooves v1, v3, v5 ofthe cam rod
Cao for normal rotation and odd-numbered speed are formed
longer than the cam grooves v1, v3, v5 in the leftward direc-
tion on the reverse side to the rightward direction which is the
direction of the movement of the control rod 51 in the shift to
higher speed.

[0193] Inthe meantime, the cutouts e3, e5 of the regulating
rod E corresponding to the cam grooves v3, v5 of the cam rod
Cbo for reverse rotation and odd-numbered speed are formed
longer than the cam grooves v3, v5 in the rightward direction
on the reverse side to the leftward direction which is a direc-
tion of the movement of the control rod 51 in a shift to lower
speed, and the cutouts {2, f4, 6 of the regulating rod F
corresponding to the cam grooves v2, v4, v6 of the cam rod
Cbe for reverse rotation and even-numbered speed are formed
longer than the cam grooves v2, v4, v6 in the rightward
direction on the reverse side to the leftward direction which is
the direction of the movement of the control rod 51 in the shift
to lower speed.

[0194] More specifically, the cutout el and the cutout e6 of
the regulating rod E have the substantially same short width as
the corresponding cam groove v1 of the cam rod Cbo for
reverse rotation and odd-numbered speed and the correspond-
ing cam groove v6 of the cam rod Cae for normal rotation and
even-numbered speed.

[0195] The regulating rods E, F and the cam rods C are
relatively axially slid, however, the corresponding cam
groove v of the cam rod C can be located in the width of each
cutout of the regulating rods E, F.

[0196] The pin 23 the outside diameter of which is larger
than the width of the cam rod C simultaneously also enters the
cutout of the regulating rod E, F when the pin enters the cam
groove v of the cam rod C.

[0197] In the accelerated state of the first speed shown in
FIG. 15, each pin 23 enters the cam groove v1 of the cam rod
Cao for normal rotation and odd-numbered speed and the cam
groove v1 of the cam rod Cbo for reverse rotation and odd-
numbered speed and simultaneously, each same pin 23 also
enters the cutout el of the regulating rod E and the cutout f1
of the regulating rod F.

[0198] The other pins 23 are all touched to each sliding face
of'the cam rods C without falling in the cam grooves v of the
cam rods C and all project.

[0199] More specifically, only the pins 23 of the fitting
means 20 corresponding to the first driven transmission gear
nl enter the cam grooves v1 of the cam rods Cao, Cbo for
odd-numbered speed (see FIG. 2), accordingly, the fitting
pawl members Rp of the swingable pawls Rao, Rbo for odd-
numbered speed of the fitting means 20 project outside, the
fitting projection portion 31 of the turned first driven trans-
mission gear n1 is fitted to the fitting pawl member Rp of the
swingable pawl Rao for normal rotation and odd-numbered
speed out of the swingable pawls Rao, Rbo for odd-numbered



US 2011/0023639 Al

speed (see FIG. 4), and the counter gear shaft 12 is rotated at
the same revolution speed as the first driven transmission gear
nl together with the first driven transmission gear nl.
[0200] Inthe accelerated state of the first speed, the second
driven transmission gear n2 is idle because the pins 23 of the
corresponding fitting means 20 exit from the cam grooves v2
of the cam rods Cae, Cbe for even-numbered speed and
project (see FIG. 3) and the fitting pawl members Rp of the
swingable pawls Rae, Rbe for even-numbered speed of the
fitting means 20 are drawn inside.

[0201] The other third, fourth, fifth and sixth driven trans-
mission gears n3, n4, n5, n6 are also similarly idle (see FIGS.
2 and 3).

[0202] Itis the swingable pawl Rao for normal rotation and
odd-numbered speed that is fitted to the fitting projection
portion 31 of the first driven transmission gear nl and trans-
mits the power, as considerably large frictional resistance is
caused when the swingable pawl Rao for normal rotation and
odd-numbered speed that receives the power of the first
driven transmission gear nl is swung by the projection of the
pin 23 so as to release the fitting, it is difficult to project the pin
23, and the pin 23 is in a state in which the pin falls in the cam
groove v1 of the cam rod Cao for normal rotation and odd-
numbered speed and the cutout f1 of the regulating rod F (see
FIG. 15) and its outside end is held down by the swingable
pawl Rao for normal rotation and odd-numbered speed.
[0203] InFIGS. 15 and 16, the pin 23 in the state in which
the projection is held down by the swingable pawlR is shown
by lattice type of hatching.

[0204] The respective movement of the cam rod C where
the pin 23 the protrusion of which is held down is located in
the cam groove v and the regulating rod E, F where the pin is
located in the cutout e, f is regulated by the pin 23.

[0205] Accordingly, in the accelerated state of the first
speed shown in FIG. 15, the movement in both of the axial
direction of the cam rod Cao for normal rotation and odd-
numbered speed where the pin 23 the projection of which is
held down is located in the cam groove v1 is regulated.
[0206] The movement of the regulating rod F where the
same pin 23 is located in the cutout f1 is also regulated,
however, as the cutout {1 is longer than the cam groove v1 and
in the accelerated state of the first speed, the cutout f1 is
longer leftward in the axial direction than the cam groove v1
as shown in FIG. 15, the rightward movement is allowed by
predetermined distance though the leftward movement of the
regulating rod F is regulated.

[0207] More specifically, the leftward movement of the
control rod 51 connected to the regulating rod F via the cotter
80 is regulated, however, the rightward movement is allowed
by the predetermined distance.

[0208] When the first speed is shifted to the second speed
via the accelerated state, the shift drum 67 is turned by the
manual operation of the shift select lever and the axial right-
ward movement of the control rod 51 is tried, however, as the
rightward movement of the control rod 51 connected to the
regulating rod F is allowed, the control rod can be easily
moved rightward.

[0209] The manual operation of the shift select lever for
slower speed from the accelerated state of the first speed is
disenabled because the leftward movement of the control rod
51 is regulated.

[0210] When the control rod 51 is axially moved to the right
from the accelerated state of the first speed, the axial right-
ward movement of the eight cam rods Cao, Cao, Cae, Cae,
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Cbo, Cbo, Cbe, Cbe in interlock via the coil springs 52s, 53s
of'the lost motion mechanisms 52, 53 is tried, however, as the
swingable pawl Rao for normal rotation and odd-numbered
speed operated via the pin 23 of the cam rod Cao for normal
rotation and odd-numbered speed is fitted to the fitting pro-
jection portion 31 of the first driven transmission gear nl and
receives the power from the first driven transmission gear nl,
considerably large frictional resistance is caused to swing the
swingable pawl Rao for normal rotation and odd-numbered
speed and to release the fitting, initially the swingable pawl is
not immediately moved. Accordingly, the cam rod Cbe for
reverse rotation and even-numbered speed also remains
stopped, however, the cam rod Cae for normal rotation and
even-numbered speed and the cam rod Cbo for reverse rota-
tion and odd-numbered speed are moved without resistance.
[0211] The fitting pawl member Rp of the swingable pawl
Rbo for reverse rotation and odd-numbered speed of the first
speed is drawn inside by the movement of the cam rod Cbo for
reverse rotation and odd-numbered speed.

[0212] The pin 23 enters the cam groove v2 by the move-
ment of the cam rod Cae for normal rotation and even-num-
bered speed, accordingly, the swingable pawl Rae for normal
rotation and even-numbered speed corresponding to the sec-
ond driven transmission gear n2 is swung by the pressure of
the compression spring 22 and centrifugal force by the fitting
pawl member Rp, the fitting pawl member Rp projects out-
side and can be fitted to the second driven transmission gear
n2, and a fitting projection portion 31 of the second driven
transmission gear n2 turned at a higher speed than the counter
gear shaft 12 rotated together with the first driven transmis-
sion gear nl catches up with the fitting pawl member Rp
projecting outside the swingable pawl Rae for normal rota-
tion and even-numbered speed and is touched to it.

[0213] Immediately after, the counter gear shaft 12 starts to
be rotated at the same revolution speed as the second driven
transmission gear n2 by the second driven transmission gear
n2 turned at higher speed, the fitting pawl member Rp of the
swingable pawl Rao for normal rotation and odd-numbered
speed is separated from the fitting projection portion 31 of the
first driven transmission gear nl, and an actual shift from the
first speed to the second speed is executed.

[0214] When the fitting pawl member Rp of the swingable
pawl Rao for normal rotation and odd-numbered speed is
separated from the fitting projection portion 31 of the first
driven transmission gear nl, frictional resistance that fixes the
swingable pawl Rao for normal rotation and odd-numbered
speed gets lost, the cam rod Cao for normal rotation and
odd-numbered speed pressed by the coil spring 53s of the lost
motion mechanism 53 is rightward moved behind, the pin 23
located in the cam groove v1 gets out of the cam groove, the
swingable pawl Rao for normal rotation and odd-numbered
speed is swung, and the fitting pawl member Rp is drawn
inside.

[0215] As described above, as the fitting projection portion
31 of the first driven transmission gear n1 is touched and fitted
to the fitting pawl member Rp of the swingable pawl Rao for
normal rotation and odd-numbered speed when the acceler-
ated state of the first speed is shifted to the second speed the
speed reducing ratio of which is smaller by one stage, the
fitting projection portion 31 of the second driven transmission
gear n2 turned at higher speed catches up with the fitting pawl
member Rp of the swingable pawl Rae for normal rotation
and even-numbered speed and is touched to it in a state in
which the counter gear shaft 12 is rotated at the same speed as
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the first driven transmission gear nl, the counter gear shaft 12
is rotated at higher speed together with the second driven
transmission gear n2 and the shift is executed, the fitting pawl
member Rp of the swingable pawl Rao for normal rotation
and odd-numbered speed is naturally separated from the fit-
ting projection portion 31 of the first driven transmission gear
nl, as the fitting is smoothly released, no power is required for
releasing the fitting, and smooth operation and the smooth
shift are enabled.

[0216] Also similarly in each shift from the second speed to
the third speed, from the third speed to the fourth speed, from
the fourth speed to the fifth speed and from the fifth speed to
the sixth speed, as the driven transmission gear n the speed
reducing ratio of which is smaller by one stage is fitted to the
swingable pawl R in a state in which the driven transmission
gear n is fitted to the swingable pawl R and a shift is executed,
smooth operation is enabled without power to release the
fitting, no clutch for the shift is required, no switching time is
lost in the shift, no driving force is also lost, shift shock is also
small, and the smooth shift can be executed.

[0217] Also similarly in a downward shift, as the swingable
pawl R is fitted to the driven transmission gear n the speed
reducing ratio of which is larger by one stage in a state in
which the driven transmission gear n is fitted to the swingable
pawl R and the downward shift is executed, no power for
releasing the fitting is required, smooth operation is enabled,
no clutch for the shift is required, no switching time is lost in
the downward shift, no driving force is also lost, shift shock is
also small, and smooth downward shift can be executed.

[0218] FIG. 16 shows positional relation among the cam
rods C, the regulating rods E, F and the pins 23 in an accel-
erated state of the second speed, the pins 23 of the fitting
means 20 corresponding to the second driven transmission
gear n2 are located in the cam groove v2 of the cam rod Cae
for normal rotation and even-numbered speed and the cam
groove v2 of the cam rod Cbe for reverse rotation and even-
numbered speed, and similarly, the same pins 23 are also
located in the cutout e2 of the regulating rod E and the cutout
2 of the regulating rod F.

[0219] The other pins 23 are all located in no cam groove v
of the cam rods C, are touched to a sliding face of each cam
rod C, and project.

[0220] Itis the swingable pawl Rae for normal rotation and
even-numbered speed that is fitted to the fitting projection
portion 31 of the second driven transmission gear n2 and
transmits the power, and an outside end of the pin 23 (the pin
23 shown by lattice type of hatching in FIG. 16) that operates
the swingable pawl Rae for normal rotation and even-num-
bered speed is held down by the swingable pawl Rae for
normal rotation and even-numbered speed in a state in which
the pin falls in the cam groove v2 of the cam rod Cae for
normal rotation and even-numbered speed and the cutout e2
of the regulating rod E.

[0221] Accordingly, the movement in both of the axial
direction of the cam rod Cae for normal rotation and even-
numbered speed where the pin 23 the projection of which is
held down is located in the cam groove v2 is regulated.
[0222] The movement of the regulating rod E in the cutout
e2 of which the same pin 23 is located is also regulated,
however, as the cutout e2 is longer than the cam groove v2 and
is longer leftward in the axial direction than the correspond-
ing cam groove v2 as shown in FIG. 16 in the second speed,
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the leftward movement of the regulating rod E is regulated,
however, the rightward movement is allowed by predeter-
mined distance.

[0223] More specifically, the leftward movement of the
control rod 51 connected to the regulating rod E is regulated,
however, the rightward movement is allowed by predeter-
mined distance.

[0224] Accordingly, when the shift select lever is manually
operated to shiftto the third speed in an accelerated state from
the second speed, smooth operation is enabled because the
rightward movement of the control rod 51 is allowed and a
shift to the third speed can be executed.

[0225] However, when adownward shift to the first speed is
tried in the accelerated state of the second speed, the control
rod cannot be moved because the leftward movement of the
controlrod 51 is regulated by the pin 23 even if the shift select
lever is manually operated and the axial leftward movement
of the control rod 51 is tried and accordingly, the manual
operation itself of the shift select lever is regulated.

[0226] As a state in which the second driven transmission
gear n2 is fitted to the cam rod Cae for normal rotation and
even-numbered speed is originally maintained in the acceler-
ated state of the second speed, the first driven transmission
gear nl the turning of which is slower than the second driven
transmission gear n2 is not fitted to the cam rod Cae for
normal rotation and even-numbered speed even if the opera-
tion for a downward shift is made. Accordingly, a shift to the
first speed in a state in which a fitted state of the second speed
is maintained is disenabled.

[0227] As described above, as the control rod 51 could be
hitherto moved leftward and the shift select lever could be
operated without being regulated though a downward shift is
disenabled in the accelerated state, a driver (a rider) might
have a sense of incompatibility.

[0228] Even if a downward shift is made during accelera-
tion, nothing happens, however, the downward shift happens
in afterward deceleration and a driver (a rider) also might
have a sense of incompatibility for the motion.

[0229] To avoid such a situation, in the case of this multi-
stage transmission, as the manual operation itself for a down-
ward shift in the accelerated state of the shift select lever is
regulated, a driver (a rider) does not have a sense of incom-
patibility.

[0230] FIG. 17 shows a state in which the second speed is
decelerated (a state in which power is transmitted from the
side of a driving wheel) and compared with the accelerated
state of the second speed shown in FIG. 16, the pin 23 to
which lattice type of hatching is applied is different.

[0231] More specifically, it is the swingable pawl Rbe for
reverse rotation and even-numbered speed that transmits the
power from the side of the driving wheel (the counter gear
shaft 12) to the second driven transmission gear n2, and an
outside end of the pin 23 (the pin 23 shown by lattice type of
hatching in FIG. 17) that operates the swingable pawl Rbe for
reverse rotation and even-numbered speed is held down by
the swingable pawl Rbe for reverse rotation and even-num-
bered speed in a state in which the pin is located in the cam
groove v2 of the cam rod Cbe for reverse rotation and even-
numbered speed and the cutout 12 of the regulating rod F.
[0232] Accordingly, the movement of the regulating rod F
where the pin 23 projection of which is held down is located
in its cutout 2 is regulated, however, as the cutout {2 is longer
than the cam groove v2 and the cutout 12 is longer to the right
in the axial direction than the corresponding cam groove v2 as
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shown in FIG. 17 in a state of the second speed, the leftward
movement of the regulating rod is allowed by predetermined
distance though the rightward movement of the regulating rod
F is regulated.

[0233] More specifically, the rightward movement of the
control rod 51 connected to the regulating rod F is regulated,
however, the leftward movement is allowed by predetermined
distance.

[0234] Accordingly, when the shift select lever is manually
operated to shift from the second speed to the first speed in
deceleration, a smooth operation is enabled because the left-
ward movement of the control rod 51 is allowed and the
second speed can be shifted to the first speed.

[0235] However, even if the shift select lever is manually
operated and the axial rightward movement of the control rod
51 is tried so as to shift to the third speed in a decelerated state
of'the second speed, the control rod cannot be moved because
the rightward movement of the control rod 51 is regulated by
the pin 23 and accordingly, the manual operation itself of the
shift select lever is regulated.

[0236] The first speed and the second speed have been
described above, however, other speeds are also similar and as
to a downward shift in acceleration and an upward shift in
deceleration in a state in which certain speed is established, a
driver (a rider) is prevented from having a sense of incompat-
ibility by regulating the driver’s (the rider’s) operation itself
for the shift and disenabling the operation.

[0237] As each regulating rod E, F, the cam rod C for
normal rotation and the cam rod C for reverse rotation are
bundled with the regulating rod axially slidably held between
the cam rod C for normal rotation and the cam rod C for
reverse rotation and are fitted into the cam guide groove 12¢g
of'the counter gear shaft 12 in a bundled state, a guide groove
12g is not required to be respectively provided and a man-
hour for working the counter gear shaft 12 can be reduced.
[0238] Each cutoute, f corresponding to the cam grooves v
of the two cam rods C for normal rotation and for reverse
rotation can be provided to each regulating rod E, F and the
number of parts can be reduced.

[0239] As the regulating rods E, F are formed by a separate
member from the control rod 51 and are connected to the
control rod 51 to enable the integral movement with the
control rod by connecting means of the cotter 80, the regu-
lating rods E, F and the control rod 51 are separately formed
and can be more easily worked than a case that the regulating
rods E, F and the control rod 51 are integrated.

[0240] Referring to FIGS. 18 to 32, an embodiment of this
invention will be described below.

[0241] A multistage transmission 110 equivalent to this
embodiment is built in an internal combustion engine
mounted in a motorcycle.

[0242] FIG. 18 is a sectional view showing the multistage
transmission 110 and as shown in FIG. 18, the multistage
transmission 110 is provided to an engine casing 100 that also
covers the internal combustion engine.

[0243] The engine casing 100 configured by uniting a left
engine casing 1011 and a right engine casing 101R respec-
tively laterally divided forms a transmission chamber 102,
and a main gear shaft 111 and a counter gear shaft 112 are
rotatably journaled to the transmission chamber 102 with the
gear shafts laterally laid mutually in parallel.

[0244] The main gear shaft 111 is rotatably journaled to a
side wall of the left engine casing 1011 and a side wall 101RR
of'the right engine casing 101R via each bearing 1031, 103R
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and pierces the right bearing 103R, and a multi-disc type
friction clutch 105 is provided to its right end protruded from
the transmission chamber 102.

[0245] A primary driven gear 104 to which the rotationofa
crankshaft not shown is transmitted is rotatably journaled to
the main gear shaft 111 on the left side of the friction clutch
105.

[0246] The rotation of the crankshaft of the internal com-
bustion engine is transmitted to the main gear shaft 111 via
the friction clutch 105 in a connected state from the primary
driven gear 104.

[0247] Inaddition, the counter gear shaft 112 is also rotat-
ably journaled to a side wall of the left engine casing 101L
and a side wall 101RR of the right engine casing 101R via
bearings 1071, 107R and an output sprocket (not shown) is
fixed via splines at a left end piercing the left bearing 1071
and protruded from the transmission chamber 102.

[0248] A driving chain wound onto the output sprocket is
wound onto a sprocket for driving a rear wheel not shown, the
rotational power of the counter gear shaft 112 is transmitted to
the rear wheel, and a vehicle is operated.

[0249] A group m of driving transmission gears is formed
between the left and right bearings 1031, 103R on the main
gear shaft 111 so that the group can be turned integrally with
the main gear shaft 111.

[0250] The first driving transmission gear m1 is integrated
with the main gear shaft 111 along the right bearing 103R,
and second, third, fourth, fifth and sixth driving transmission
gears m2, m3, m4, m5, mé each diameter of which is sequen-
tially increased in order from the right to the left are fitted to
a spline formed between the first driving transmission gear
m1 of the main gear shaft 111 and the left bearing 103L. via
each spline.

[0251] Inaddition, a group n of driven transmission gears is
turnably journaled to the counter gear shaft 112 between the
left and right bearings 1071, 107R via each annular bearing
collar 113.

[0252] On the counter gear shaft 112, the five bearing col-
lars 113 are armored at an equal interval between the bearing
collar 113 at its right end armored via a washer 114R mounted
on the left side of the right bearing 107R and the bearing
collar 113 at its left end armored via a washer 1141 mounted
on the right side of the left bearing 1071, and first, second,
third, fourth, fifth and sixth driven transmission gears nl, n2,
n3, nd, n5, n6 each diameter of which is sequentially
decreased in order from the right to the left with each driven
transmission gear mounted between the adjacent bearing col-
lars 113 of all the seven bearing collars 113 are turnably
journaled.

[0253] The first, second, third, fourth, fifth and sixth driv-
ing transmission gears m1, m2, m3, m4, m5, mé turned inte-
grally with the main gear shaft 111 are respectively constantly
engaged with the corresponding first, second, third, fourth,
fifth and sixth driven transmission gears nl, n2, n3, n4, n5, n6
respectively turnably journaled to the counter gear shaft 112.

[0254] The engagement of the first driving transmission
gear m1 and the first driven transmission gear nl produces
first speed the speed reducing ratio of which is the largest, the
engagement of the sixth driving transmission gear mé and the
sixth driven transmission gear né produces sixth speed the
speed reducing ratio of which is the smallest, the speed reduc-
ing ratio is sequentially decreased between them, and second
speed, third speed, fourth speed and fifth speed are produced.
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[0255] On the counter gear shaft 112, the gears for odd-
numbered speeds (the first, third and fifth driven transmission
gears nl, n3, n5) and the gears for even-numbered speeds (the
second, fourth and sixth driven transmission gears n2, n4, n6)
are alternately arranged.

[0256] Fitting means 120 fittable to each driven transmis-
sion gear 1 is built in the hollow cylindrical counter gear shaft
112 as described later, a total of four types of eight cam rods
C (Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe) composed by
two with every type of which are one component of the fitting
means 120 as described later that are fitted into cam guide
grooves 112¢g formed on an inside periphery of the hollow
counter gear shaft 112 and described later, and the eight cam
rods are axially movably provided.

[0257] A control rod 151 which is one component of shift
driving means 150 that drives the cam rod C and shifts is
inserted along a central axis of the hollow counter gear shaft
112 and the axial movement of the control rod 151 axially
moves the cam rod C in interlock via lost motion mechanisms
152, 153.

[0258] A mechanism that axially moves the control rod 151
is provided to the right engine casing 101R.

[0259] The axial movement of the control rod 151 axially
moves the cam rod C in interlock via the lost motion mecha-
nism 152, 153, the movement of the cam rod C selectively fits
each driven transmission gear n to the counter gear shaft 112
by the fitting means 120 built in the counter gear shaft 112,
and speed is shifted.

[0260] As showninFIG. 23, the control rod 151 of the shift
driving means 150 is a cylindrical rod, outside recessed por-
tions 151a, 1515 formed by reducing its diameter in left two
locations and right two locations in an axial direction are
formed by a predetermined length, and extended-diameter
stopper parts 151as, 151bs the diameter of which extend are
formed in the axial center of each outside recessed portion
151a, 1515.

[0261] The outside recessed portions 151a, 1515 left on
both sides of each extended-diameter stopper part 151as,
151bs have the same axial predetermined length and the out-
side diameter of each extended-diameter stopper part 151as,
151bs is substantially equal to the outside diameter of the
control rod 151 except the outside recessed portions 151a,
1515.

[0262] Aleftend ofthe control rod 151 is a two-plane width
cut-out end 151aa a part of a circular arc of which is cut out
on a parallel plane and a pin hole 151#% is bored at the two-
plane width cut-out end 151aa with the pin hole piercing both
planes.

[0263] A right end of the control rod 151 is made a male
screw end 151bb where a male screw is formed and a hex-
agonal nut 151c¢ is fitted inside the male screw end 151564.
[0264] The lost motion mechanisms 152, 153 are corre-
spondingly mounted on the left and right outside recessed
portions 151a, 1515 of the control rod 151.

[0265] The left and right lost motion mechanisms 152, 153
have the same structure.

[0266] As for the left lost motion mechanism 152, a spring
holder 152/ into which the control rod 151 is slidably inserted
is formed by the coupling of a long holder 152// which is a
bottomed cylindrical member and a short holder 152/s and an
inside recessed portion 152/4a corresponding to the outside
recessed portion 1514 of the control rod 151 is formed on its
inside face.
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[0267] When the control rod 151 is made to pierce the
spring holder 152/ and the spring holder 152/ is located in the
outside recessed portion 151a, both space of the inside
recessed portion 152k4a of the spring holder 152/ and the
outside recessed portion 151a of the control rod 151 forms a
common space.

[0268] A pairof right and left cotters 152¢ which are spring
bearers are opposite fitted across both the space of the inside
recessed portion 152k4a of the spring holder 152/ and the
outside recessed portion 151a of the control rod 151. A com-
pression coil spring 1525, wound onto the control rod 151, is
inserted between both cotters 152¢, and the compression coil
spring presses both cotters 152¢ in directions in which both
cotters are separated.

[0269] As shown in FIGS. 19 and 20, the extended-diam-
eter stopper part 151as formed in the center of the outside
recessed portion 151a of the control rod 151 is located
between right and left cotters 152¢ and when a certain speed
is established, the distance between the extended-diameter
stopper part 151as of the control rod 151 and the cotter 152¢
on each side is equivalent to one stage of a shift.

[0270] The cotter 152¢ is in the shape of a hollow disc
having an inside diameter of the inside recessed portion
152ha of the spring holder 152/ as its outside diameter and
having an outside diameter of the outside recessed portion
151a of the control rod 151 as its inside diameter, and the
cotter is divided in halves for assembly.

[0271] The right lost motion mechanism 153 (a spring
holder 1534, a long holder 153/%/, a short holder 1534s, an
inside recessed portion 153/%a, a cotter 153¢, a compression
coil spring 153s) also has the same structure and is arranged
in the outside recessed portion 1515 of the control rod 151.
[0272] When a certain speed is established, the distance
between an extended-diameter stopper part 151bs of the con-
trol rod 151 and the cotter 153¢ on each side is equivalent to
one stage of the shift.

[0273] Accordingly, when the control rod 151 is axially
moved by one stage of the shift, the spring holders 1524, 153/
are axially moved via the compression coil springs 1525, 153s
of the left and right lost motion mechanisms 152, 153.
[0274] When lost motion operation is tried over one stage
of the shift, each extended-diameter stopper part 151as,
151bs of the control rod 151 abuts on one cotter 152¢, 153¢
and the movement of the control rod 151 is regulated.
[0275] The eight cam rods C (Cao, Cao, Cae, Cae, Cbo,
Cbo, Che, Cbe) are radially touched to outside faces of the
spring holders 152/, 153/ of the lost motion mechanisms
152, 153 mounted in the left and right outside recessed por-
tions 151a, 1515 of the control rod 151 (see FIG. 24).
[0276] The cam rod C is a prism the section of which is
rectangular and which is axially extended long, the peripheral
side on the reverse side to the inner side touched to the spring
holder 152/, 153/ forms a cam face, a cam groove v is formed
in required three locations on the cam face, and a pair of fitting
pawls p for fitting either of the spring holders 152/, 153/ with
either held between the pair of fitting pawls are protruded
from the inner side.

[0277] As the cam rod C has no section in a special shape
and the outline is substantially the simple rectangular prism,
the cam rod C can be easily manufactured.

[0278] The cam rods Cao, Cbo for odd-numbered speeds
where the cam grooves v1, v3, v5 are formed in the three
locations corresponding to the gears for odd-numbered
speeds (the first, third and fifth driven transmission gears nl,
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n3, n5) have two types of a type for normal rotation (a rota-
tional direction in which force is applied to the counter gear
shaft 112 from the driven transmission gear n in acceleration)
and a type for reverse rotation (a rotational direction in which
force is applied to the counter gear shaft 112 from the driven
transmission gear n in deceleration). One cam rod Cao for
normal rotation and odd-numbered speed is provided with the
fitting pawl p for fitting to the right spring holder 153/ on the
inner side and the other cam rod Cbo for reverse rotation and
odd-numbered speed is provided with the fitting pawl p for
fitting to the left spring holder 152/ on the inner side (see FIG.
24).

[0279] Similarly, the cam rods Cae, Cbe for even-numbered
speeds where the cam grooves v2, v4, v6 are formed in the
three locations corresponding to the gears for even-numbered
speeds (the second, fourth and sixth driven transmission gears
n2, n4, n6) have two types of a type for normal rotation and a
type for reverse rotation. One cam rod Cae for normal rotation
and even-numbered speed is provided with the fitting pawl p
for fitting to the left spring holder 152/ on the inner side and
the other cam rod Cbe for reverse rotation and even-numbered
speed is provided with the fitting paw] p for fitting to the right
spring holder 153/ on the inner side (see FIG. 24).

[0280] Accordingly, the cam rod Cao for normal rotation
and odd-numbered speed and the cam rod Cbe for reverse
rotation and even-numbered speed are axially interlocked
with the axial movement of the control rod 151 together with
the spring holder 153/ via the compression coil spring 153s of
the right lost motion mechanism 153, and the cam rod Cho for
reverse rotation and odd-numbered speed and the cam rod
Cae for normal rotation and even-numbered speed are axially
interlocked together with the spring holder 152/ via the coil
spring 152s of the left lost motion mechanism 152.

[0281] As shown in FIG. 24, a control rod operating cylin-
der 155 is attached to a right end on the right side of the nut
151c¢ of the control rod 151 via a ball bearing 156 fitted inside
it.

[0282] As for the ball bearing 156, two ball bearings are
axially coupled, the ball bearing is fitted to the right end on the
right side of the nut 151¢ of the control rod 151, and the ball
bearing is fastened by a nut 157 screwed to the male screw end
151656 with the ball bearing held between the nut 157 and the
nut 151c.

[0283] Accordingly, the control rod operating cylinder 155
rotatably holds the right end of the control rod 151.

[0284] A pin hole 155/ bored in a diametrical direction is
formed in a cylindrical part extended on the right side of the
screwed nut 157 of the control rod operating cylinder 155 and
a shift pin 158 pierces the pin hole 1554.

[0285] A fitting pin 159 pierces the pin hole 151/ formed at
the two-plane width cut-out end 151aa at the left end of the
control rod 151.

[0286] Both ends ofthe shift pin 158 that pierces the control
rod operating cylinder 155 project as shown in FIG. 18.
[0287] A groove 160 is laterally formed in a guide part
101Ra projecting on the right side of a side wall 101RR of the
right engine casing 101R and a projecting head at one end of
the shift pin 158 is slidably fitted into the groove 160 so as to
prevent the shift pin 158 from being turned.

[0288] A spindle 165 is planted in the side wall 101RR with
the spindle projecting to the right, a shift drum 167 is turnably
journaled to the spindle 165 via a bearing 166, and the pro-
jecting other end of the shift pin 158 is slidably fitted into a
shift groove 167v of the shift drum 167.
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[0289] The shift groove 167v of the shift drum 167 is spi-
rally formed substantially around the outside periphery of the
drum and a position of each shift stage from the first speed to
sixth speed every predetermined turning angle (for example,
60 degrees) and a neutral position on the way are formed
there.

[0290] Accordingly, the turning of the shift drum 167 axi-
ally moves the shift pin 158 fitted into the shift groove 167v
together with the control rod operating cylinder 155.

[0291] As the control rod operating cylinder 155 turnably
holds the right end of the control rod 151, the turning of the
shift drum 167 finally axially moves the control rod 151.
[0292] The shift drum 167 is turned by the manual opera-
tion of a shift select lever not shown via shift transmission
means (not shown).

[0293] The shift transmission means is provided with a
mechanism such as a shift cam for stably holding the shift
drum 167 in the position of each shift stage at every prede-
termined angle, transmits the operational power of the shift
select lever to a gear 167g formed at a side edge of the shift
drum 167, and sequentially turns the shift drum 167 to the
position of each shift stage.

[0294] As described above, in the shift driving means 150,
the shift drum 167 is turned by the manual operation of the
shift select lever, the turning of the shift drum 167 guides the
shift pin 158 fitted into the shift groove 167v and axially
moves it, the movement of the shift pin 158 axially moves the
control rod 151 via the control rod operating cylinder 155,
and the movement of the control rod 151 interlocks the eight
cam rods Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe of the
fitting means 120 via the lost motion mechanisms 152, 153.
[0295] The control rod 151, on which the lost motion
mechanisms 152, 153 are mounted, is inserted into a hollow
part of the counter gear shaft 112 and is arranged along the
central axis.

[0296] Aninside diameter of the hollow cylindrical counter
gear shaft 112 is substantially equal to an outside diameter of
the spring holder 152/, 153/ of each lost motion mechanism
152, 153 and the spring holders 152/, 153/ mounted on the
control rod 151 are slidably inserted.

[0297] Eightcam guide grooves 112g each section of which
is rectangular axially extend in eight radial positions on the
inside periphery of the hollow counter gear shaft 112 (see
FIG. 26).

[0298] The eight cam rods Cao, Cao, Cae, Cae, Cbo, Cbo,
Cbe, Cbe are slidably fitted into the corresponding cam guide
groove 112g in arrangement shown in FIG. 24.

[0299] The same type of cam rods C are arranged in sym-
metrical positions.

[0300] The section of the cam guide groove 112g that func-
tions as a detent of the cam rod C for the counter gear shaft
112 is in a U-shaped simple shape and the cam guide groove
can be easily worked.

[0301] The depth of the cam guide groove 112g is equal to
the width in a radial direction of the cam rod C, therefore, the
cam face which is the peripheral side of the cam rod C is
slidingly touched to the bottom of the cam guide groove 112g,
the inner side is touched to the outside periphery of the spring
holder 152/, 153/ substantially at the same level as the inside
periphery of the hollow part, and the fitting pawl p projecting
from the inner side grasps either of the spring holders 152/ or
153/ with the spring with the spring holder held from both
sides.
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[0302] As forthe hollow cylindrical counter gear shaft 112,
a left cylindrical part 1125 and a right cylindrical part 112¢
each outside diameter of which is reduced are formed on both
sides of a central cylindrical part 112a to which the driven
transmission gear n is journaled via the bearing collar 113
(see FIG. 25).

[0303] The bearing 7L is fitted to the left cylindrical part
1124 via a washer 1141, a spline 1125 is partially formed, the
output sprocket (not shown) is fitted via the splines, and the
bearing 107R is fitted to the right cylindrical part 112¢ via a
washer 114R (see FIGS. 18, 19 and 20).

[0304] In the hollow part of the counter gear shaft 112, a
small-diameter inside periphery the inside diameter where
the cam guide groove 112g is formed of which is equal to the
outside diameter of the spring holder 152/, 153/ and a large-
diameter inside periphery the inside diameter on both sides of
the small-diameter inside periphery of which is at the sub-
stantially same level as the bottom of the cam guide groove
112g are formed (see FIGS. 19 and 20).

[0305] The control rod operating cylinder 155 is inserted
approximately half inside a right extended inside diameter
part.

[0306] Both ends of the fitting pin 159 that pierces the pin
hole 151/ formed at the two-plane width cut-out end 151aa at
the left end of the control rod 151 are fitted to the cam guide
grooves 112¢g located in symmetrical positions with the fitting
pin functions as a detent. Therefore, the relative rotation of the
control rod 151 is regulated, enabling the counter gear shaft
112 to be axially relatively moved, and the control rod is
integrally rotated.

[0307] The fitting pin can function as the detent of the
control rod 151 for the counter gear shaft 112 with a simple
configuration wherein the fitting pin 159 is fitted utilizing the
cam guide grooves 112g.

[0308] As described above, when the control rod 151, the
lost motion mechanisms 152, 153 and the eight cam rods Cao,
Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe are built in the hollow part
of the counter gear shaft 112, all these are integrally turned,
when the control rod 151 is axially moved, the cam rod Cbo
for reverse rotation and odd-numbered speed and the cam rod
Cae for normal rotation and even-numbered speed are axially
interlocked via the coil spring 152s of the left lost motion
mechanism 152, and the cam rod Cao for normal rotation and
odd-numbered speed and the cam rod Cbe for reverse rotation
and even-numbered speed are axially interlocked via the coil
spring 153s of the right lost motion mechanism 153.

[0309] As the lost motion mechanisms 152, 153 are
inserted between the outside face of the control rod 151 and
the inside faces of the plural cam rods C with the lost motion
mechanisms arranged in the axial direction of the counter
gear shaft 112, the extension in the axial direction of the
multistage transmission 110 is prevented because of a struc-
ture where the control rod 151, the lost motion mechanisms
152,153 and the cam rods C are overlapped in the diametrical
direction in the hollow part of the counter gear shaft 112, the
lost motion mechanisms 152, 153 are compactly housed in
the hollow part of the counter gear shaft 112. Thus, the mul-
tistage transmission 110 itself can be miniaturized.

[0310] As the two lost motion mechanisms 152, 153 are
axially provided on the control rod 151 and each lost motion
mechanism 152, 153 interlocks the separate cam rod C, the
movement of one control rod 151 makes the plurality of cam
rods C moved differently in two types and a shift can be
smoothed, as the lost motion mechanisms 152, 153 are made
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to have the same structure, the manufacturing cost is inhib-
ited, and the management of parts in assembly is facilitated.
[0311] As each coil spring 1525, 153s of the lost motion
mechanisms 152, 153 is inserted into a space formed by each
inside recessed portion 152ka, 1534a of the spring holders
1524, 1537 inserted between the outside periphery of the
control rod 151 and the inner sides of the plurality of cam rods
C and the outside recessed portion 151a, 1515 of the control
rod 151, the lost motion mechanisms 152, 153 having the
same shape can be configured on the control rod 151.
[0312] Asthecotter 152¢ of the lost motion mechanism 152
(153) is split cotters divided in halves and the spring holder
152/ (1534) is divided into the long holder 1524/ (1534/) and
the short holder 15245 (1534s) in two, the split cotters 152¢
are arranged in the recessed portions on both sides of the
extended-diameter stopper part and the spring holder 152/
(153/) can be simply mounted even if the extended-diameter
stopper part 151as (151bs) is formed in the center in an axial
direction of the outside recessed portion 151a (1515) of the
control rod 151, and the assembly of the lost motion mecha-
nism 152 (153) can be facilitated.

[0313] As shown in FIG. 25, the outside diameter of the
central cylindrical part 1124 to which the driven transmission
gears n are journaled via the bearing collar 113 of the counter
gear shaft 112 is formed larger and thick, six narrow circum-
ferential grooves 112¢v circumferentially surrounding it are
axially formed at an equal interval on the thick outside periph-
ery corresponding to the first, second, third, fourth, fifth and
sixth driven transmission gears nl, n2, n3, n4, n5, n6, and four
axial grooves 112av are circumferentially formed at an equal
interval.

[0314] Further, a long rectangular recessed portion 112p
laterally symmetrically extending between the axial grooves
112av where each of four parts partitioned by the four axial
grooves 112av is adjacent to the groove width of each cir-
cumferential groove 112¢v in each circumferential groove
112¢v, and a short rectangular recessed portion 1124 laterally
symmetrically extending in a part between the axial grooves
112av adjacent to the groove width of the circumferential
groove 112¢v are axially alternately formed on the outside
periphery of the central cylindrical part 112a of the counter
gear shaft 112.

[0315] Spring bearers 1124 in the shape of an axially long
ellipse and slightly recessed along the circumferential groove
112¢v are formed in two locations circumferentially apart at
the bottom of the long rectangular recessed portion 112p.
[0316] In addition, a pin hole 112/ is diametrically bored
up to the cam guide groove 112g on the circumferential
groove 112¢v in the thick part between the short rectangular
recessed portion 112¢ and the axial groove 112av.

[0317] More specifically, the pin hole 112/ is bored in the
radial direction of the cam guide grooves 112g circumferen-
tially carved in four locations from the inside periphery of the
hollow counter gear shaft 112.

[0318] Four pin holes 112/ are formed on each circumfer-
ential groove 112¢w.

[0319] A compression spring 122 elliptically wound is pro-
vided to the spring bearer 1124 with its end fitted.

[0320] A pin 123 is slidably fitted into the pin hole 1124.
[0321] The width of the cam guide groove 112g with which
the pin hole 112/, communicates is smaller than the outside
diameter of the pin 123.

[0322] Accordingly, as the pin 123 that advances and
retreats in the pin hole 112/ is prevented from falling in the
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cam guide groove 112g, building the fitting means 120 in the
counter gear shaft 112 is facilitated.

[0323] As the cam rods C arc slidably fitted into the cam
guide groove 112g, an end on the central side of the pin 123
fitted into the pin hole 1127 is touched to the cam face of the
corresponding cam rod C, when the cam groove v is over-
lapped with the pinhole 112/ by the movement of the cam rod
C, the pin 123 falls in the cam groove v, when the sliding face
except the cam groove v is overlapped, the pin gets on the
sliding face, and the pin advances and retreats by the move-
ment of the cam rod C.

[0324] The advance and the retreat of the pin 123 in the pin
hole 112/ make its end on the centrifugal side pushed outside
the bottom of the circumferential groove 112¢v or pushed on
the bottom.

[0325] A swingable pawl R is buried in the long rectangular
recessed portion 112p, the short rectangular recessed portion
112¢g and the circumferential groove 112¢v that communi-
cates with both recessed portions respectively formed on the
outside periphery of the central cylindrical part 1124 of the
counter gear shaft 112 having the above-mentioned structure,
and a journaling pin 126 that swingably journals the swing-
able pawl R is buried in the axial groove 112av.

[0326] FIG. 28 shows a state in which all the swingable
pawls R are mounted as described above.

[0327] An exploded perspective view shown in FIG. 27
shows the four swingable pawls R buried in the circumferen-
tial groove 112c¢v, the long rectangular recessed portion 112p
and the short rectangular recessed portion 1124 respectively
corresponding to the odd-numbered gears (the first, third and
fifth driven transmission gears nl, n3, n5) and the four swing-
able pawls R buried in the circumferential groove 112c¢v, the
long rectangular recessed portion 112p and the short rectan-
gular recessed portion 1124 respectively corresponding to the
even-numbered gears (the second, fourth and sixth driven
transmission gears n2, n4, n6) in positions in which mutual
relative angular positional relation is maintained. In addition,
the journaling pin 126 journals each swingable pawl R and the
compression spring 122 acts on each swingable pawl R and
the pin 123.

[0328] The swingable pawls R all have the same shape, the
swingable pawl member is substantially in the shape of a
circular arc in an axial view, the outside periphery of a
through hole for the journaling pin 126 to pierce in the center
is removed and a bearing recessed portion Rd is formed, with
the bearing recessed portion Rd in the center of a swing, a
wide rectangular fitting pawl member Rp swingably fitted
into the long rectangular recessed portion 112p is formed on
one side, a narrow pin bearer Rr swingably fitted into the
circumferential groove 112¢v in which the pin hole 112/ is
formed and extends on the other side, its end reaches the short
rectangular recessed portion 112¢, and there, a wide end Rq is
formed.

[0329] As for the swingable pawl R, the pin bearer Rr is
fitted into the circumferential groove 112¢v in which the pin
hole 112/ is formed, one fitting pawl member Rp is fitted into
the long rectangular recessed portion 112p, the bearing
recessed portion Rd is matched with the axial groove 112av,
and the other wide end Rq is fitted into the short rectangular
recessed portion 1124.

[0330] The journaling pin 126 is fitted into the matched
bearing recessed portion Rd and axial groove 112av.

[0331] The swingable pawl R is symmetrically formed in
relation to the fitted circumferential groove 112¢v, one wide
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rectangular fitting pawl member Rp is heavier than the other
pin bearer Rr and the other wide end Rq, and when the
swingable pawl R is journaled to the journaling pin 126 and is
turned together with the counter gear shaft 112, the fitting
pawl member Rp acts as a weight against centrifugal force
and swings the swingable pawl R so that the swingable pawl
projects in a centrifugal direction.

[0332] The swingable pawl R is formed so that the width of
the pin bearer Rr is narrower than that of the fitting pawl
member Rp on the reverse side in relation to the center of a
swing.

[0333] As the pin bearer Rr has only to have width enough
to bear the pin 123, the swingable pawl R can be miniaturized
and a swing by a centrifugal force by the other fitting pawl
member Rp can be facilitated.

[0334] As the swingable pawls R circumferentially adja-
cent are mounted on the counter gear shaft 112 in mutually
symmetrical positions, the fitting pawl members Rp opposite
at a predetermined interval are fitted into the common long
rectangular recessed portion 112p and the other wide ends Rq
mutually close are fitted into the common short rectangular
recessed portion 1124.

[0335] The compression spring 122 one end of which is
supported by the spring bearer 1124 of the counter gear shaft
112 is inserted inside the fitting pawl member Rp of the
swingable pawl R and the pin 123 fitted into the pin hole 112/
is inserted between the cam rod C and the pin bearer inside the
pin bearer Rr.

[0336] As described above, as the swingable pawl R is
swingably journaled to the journaling pin 126, is buried in the
long rectangular recessed portion 112p, the short rectangular
recessed portion 112¢ and the circumferential groove 112¢v
respectively of the counter gear shaft 112, one fitting pawl Rp
is pushed outside by the compression spring 122 and the other
pin bearer Rr is pressed by the advance and the retreat of the
pin 123, the swingable pawl R is swung against the pressure
of the compression spring 122.

[0337] When the pin 123 centrifugally advances and
swings the swingable pawl R, the fitting pawl member Rp of
the swingable pawl R sinks in the long rectangular recessed
portion 112p and nothing projects outside from the outside
periphery of the central cylindrical part 112a of the counter
gear shaft 112.

[0338] In addition, when the pin 123 retreats, the fitting
pawl member Rp pushed by the compression spring 122
projects outside from the outside periphery of the central
cylindrical part 1124 of the counter gear shaft 112 and the
fitting to the driven transmission gear n is enabled.

[0339] As the compression spring 122 is in the shape of an
ellipse its longer diameter of which is along the axis of the
counter gear shaft 112, the longer diameter of the elliptic
compression spring 122 is larger than the width of the pin
bearer Rr of the swingable pawl R and the compression spring
is caught across the round circumferential groove 112¢v into
which the pin bearer Rr is swingably fitted, the working of the
counter gear shaft 112 is facilitated and the swingable pawl R
can be stably mounted on the counter gear shaft 112.

[0340] The four swingable pawls R corresponding to the
odd-numbered gears (the first, third and fifth driven transmis-
sion gears nl, n3, n5) and the four swingable pawls R corre-
sponding to the even-numbered gears (the second, fourth and
sixth driven transmission gears n2, nd, n6) are located in the
relative angular positional relation in which they are mutually
turned by 90 degrees with the shaft in the center.
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[0341] As for the four swingable pawls R corresponding to
the odd-numbered gears (the first, third and fifth driven trans-
mission gears nl, n3, n5), a pair of swingable pawls Rao for
normal rotation and odd-numbered speeds which abut in a
direction of the normal rotation of the gears and which are
fitted so that each odd-numbered driven transmission gearnl,
n3, n5 and the counter gear shaft 112 are synchronously
turned and a pair of swingable pawl Rbo for reverse rotation
and odd-numbered speeds which abut in a direction of the
reverse rotation of the gears and which are fitted so that each
odd-numbered driven transmission gear nl, n3, n5 and the
counter gear shaft 112 are synchronously turned are provided
in symmetrical positions.

[0342] Similarly, as for the four swingable pawls R corre-
sponding to the even-numbered gears (the second, fourth and
sixth driven transmission gears n2, n4, n6), a pair of swing-
able pawls Rae for normal rotation and even-numbered
speeds which abut in the direction of the normal rotation of
the gears and which are fitted so that each even-numbered
driven transmission gear n2, n4, n6 and the counter gear shaft
112 are synchronously turned and a pair of swingable pawl
Rbe for reverse rotation and even-numbered speeds which
abut in the direction of the reverse rotation of the gears and
which are fitted so that each even-numbered driven transmis-
sion gear n2, n4, n6 and the counter gear shaft 112 are syn-
chronously turned are in symmetrical positions.

[0343] The swingable pawl Rao for normal rotation and
even-numbered speed is swung by the pin 123 that advances
and retreats by the movement of the cam rod Cao for normal
rotation and odd-numbered speed and the swingable pawl
Rbo for reverse rotation and odd-numbered speed is swung by
the pin 123 that advances and retreats by the movement of the
cam rod Cbo for reverse rotation and odd-numbered speed.
[0344] Similarly, the swingable pawl Rae for normal rota-
tion and even-numbered speed is swung by the pin 123 that
advances and retreats by the movement of the cam rod Cae for
normal rotation and even-numbered speed and the swingable
pawl Rbe for reverse rotation and even-numbered speed is
swung by the pin 123 that advances and retreats by the move-
ment of the cam rod Cbe for reverse rotation and even-num-
bered speed.

[0345] When the fitting means 120 is built in the counter
gear shaft 112, the bearing collar 113 at the right end is first
armored at an outside end of the central cylindrical part 112a,
one end of the journaling pin 126 is fitted into the axial groove
112av inside the bearing collar 113, the fitting means 120 at
the right end is built in, the next fitting means 120 is built in as
the last fitting means after the next bearing collar 113 is
armored to cover the other end of the journaling pin 126, the
bearing collar 113 at the left end is finally armored by sequen-
tially repeating the above-mentioned steps, and all the steps
are finished.

[0346] As shown in FIG. 29, the bearing collar 113 is
armored in axial positions except the long rectangular
recessed portion 112p and the short rectangular recessed por-
tion 1124 respectively of the central cylindrical part 1124 and
is arranged across the adjacent journaling pins 126 continu-
ously buried in the axial groove 112avin a line so as to prevent
the journaling pin 126 and the swingable pawl R from falling.
[0347] As the journaling pin 126 buried in the axial groove
112av of the central cylindrical part 1124 of the counter gear
shaft 112 is buried in depth in contact with the outside periph-
ery of the central cylindrical part 112a, the journaling pin is
firmly fixed when the bearing collar 113 is armored.
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[0348] The seven bearing collars 113 are armored at an
equal interval on the counter gear shaft 112 and the driven
transmission gear n is turnably journaled between the adja-
cent bearing collars 113.

[0349] Each driven transmission gear nis cut out at a lateral
inside edge (a lateral peripheral edge of an inside face), a thin
annular overhang 130 is formed between the lateral cutouts,
and the lateral bearing collars 113 are slidably fitted into the
cutouts with the overhang 130 held between the collars (see
FIGS. 19 and 20).

[0350] Six fitting projection portions 131 are circumferen-
tially formed in the overhang 130 of the inside face of'the each
driven transmission gear n at an equal interval (see FIGS. 19,
20, 21 and 22).

[0351] The fitting projection portion 131 is in the shape of
athin circular arc ina side view (an axial view shown in FIGS.
21 and 22) and its circumferential both end faces function as
a fitting face for fitting to the fitting pawl member Rp of the
swingable pawl R.

[0352] The fitting paw]l members Rp of the swingable pawl
Rao for normal rotation and odd-numbered speed (the swing-
able pawl Rae for normal rotation and even-numbered speed)
and the swingable pawl Rbo for reverse rotation and odd-
numbered speed (the swingable pawl Rbe for reverse rotation
and even-numbered speed) extends on the mutually opposite
side, the swingable pawl Rao for normal rotation and odd-
numbered speed (the swingable pawl Rae for normal rotation
and even-numbered speed) is touched and fitted to a fitting
projection portion 131 in a direction of the normal rotation of
the driven transmission gear n (and the counter gear shaft
112), and the swingable pawl Rbo for reverse rotation and
odd-numbered speed (swingable pawl Rbe for reverse rota-
tion and even-numbered speed) is touched and fitted to the
fitting projection portion 131 in a direction of the reverse
rotation of the driven transmission gear n.

[0353] The swingable pawl Rao for normal rotation and
odd-numbered speed (the swingable pawl Rae for normal
rotation and even-numbered speed) is not fitted even if the
fitting pawl member Rp projects outside when the driven
transmission gear n is turned in a reverse direction. Similarly,
the swingable pawl Rbo for reverse rotation and odd-num-
bered speed (the swingable pawl Rbe for reverse rotation and
even-numbered speed) is not fitted even if the fitting pawl
member Rp projects outside when the driven transmission
gear n is normally turned.

[0354] A procedure for mounting the above-mentioned fit-
ting means 120 on the counter gear shaft 112 will be described
below.

[0355] The left and right two lost motion mechanisms 152,
153 are mounted on the control rod 151 to which the control
rod operating cylinder 155 and the fitting pin 159 are attached
and the control rod is inserted into the hollow part of the
counter gear shaft 12 in a state in which the eight cam rods
Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe are arranged on the
outside peripheries of the lost motion mechanisms 152, 153.
[0356] At that time, the eight cam rods Cao, Cao, Cae, Cae,
Cbo, Cbo, Cbe, Cbe are inserted into the corresponding eight
cam guide grooves 112g.

[0357] Lateral moving positions for the counter gear shaft
112 of the eight cam rods Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe,
Cbe are set neutral.

[0358] The counter gear shaft 112 in such a state is made to
stand with the left side held higher.
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[0359] First, as shown by a full line in FIG. 29, after the
bearing collar 113 at a right end is armored at a lower end (the
right end) of the central cylindrical part 112a, the pin 123 is
inserted into the pin hole 112/ in the circumferential groove
112¢v corresponding to the lowest first driven transmission
gear nl, one end of the compression spring 122 is supported
by the spring bearer 1124, the swingable pawl R is fitted into
the long rectangular recessed portion 112p, the short rectan-
gular recessed portion 112¢ and the circumferential groove
112c¢v, the journaling pin 126 is fitted into the axial groove
112av inside the bearing collar 113 at the right end and
simultaneously, is fitted into the bearing recessed portion Rd
of the swingable pawl R, and the swingable pawl R is
mounted.

[0360] The cam rod C is located in neutral, the pin 123 is
touched to the sliding face except the cam groove, the pin
advances and presses the pin bearer Rq of the swingable pawl
R from the inside, swings it against the pressure of the com-
pression spring 122 so as to sink the fitting pawl member Rp
in the long rectangular recessed portion 112p, and the pin
makes nothing project outside from the outside periphery of
the central cylindrical part 112a.

[0361] When the four swingable pawls R in the circumfer-
ential groove 112¢v corresponding to the first driven trans-
mission gear nl are mounted, the first driven transmission
gear n1 is fitted from the upside, the overhang 130 of the first
driven transmission gear nl is touched to the bearing collar
113 and the cutout is fitted, next, the second bearing collar
113 is fitted from the upside, is fitted to the cutout of the first
driven transmission gear nl and is armored in a predeter-
mined position of the counter gear shaft 112, and the first
driven transmission gear nl is axially positioned and
mounted.

[0362] Next, the fitting means 120 for the second driven
transmission gear n2 is mounted, the second driven transmis-
sion gear n2 is attached, afterward, the residual third, fourth,
fifth and sixth driven transmission gears n3, nd, n5, né are
sequentially mounted by repeating this work, and finally, the
seventh bearing collar 113 is armored.

[0363] Ina state in which the six driven transmission gears
n are mounted on the counter gear shaft 112 as described
above, as shown in FIG. 18, when the counter gear shaft 112
is turnably journaled to the left and right bearings 1071, 107R
fitted to the left engine casing 101L. and the side wall 101RR
of the right engine casing 101R via the washer 1141, 114R
with the counter gear shaft held between the bearings 107L,,
107R, the six driven transmission gears n and the seven bear-
ing collars 113 are alternately combined, are laterally held,
and they are axially positioned.

[0364] The bearing collar 113 bears the axial force of each
driven transmission gear n, axially positions, and can receive
thrust.

[0365] As described above, the first, second, third, fourth,
fifth and sixth driven transmission gears nl, n2, n3, n4, n5, n6
are turnably journaled to the counter gear shaft 112 via the
bearing collars 113.

[0366] As the cam rod C is neutral, all the driven transmis-
sion gears n are in a fitting released state in which the pin 123
projects depending upon moving positions of the cam rods C
of the corresponding fitting means 120, the pin bearer Rq of
the swingable pawl R is pushed up from the inside and the
fitting pawl member Rp is drawn inside, and all the driven
transmission gears are freely turned for the counter gear shaft
112.
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[0367] Inaddition, in a fitting enabled state in which the pin
123 enters the cam groove v depending upon moving posi-
tions except neutral of the cam rods C of'the fitting means 120,
the swingable pawl R is swung and the fitting pawl member
Rp projects outside, the fitting projection portion 131 of the
corresponding driven transmission gear n is touched to the
fitting pawl member Rp, the turning of the driven transmis-
sion gear n is transmitted to the counter gear shaft 112 or the
rotation of the counter gear shaft 112 is transmitted to the
corresponding driven transmission gear n.

[0368] Inthe shift driving means 150, the shift drum 167 is
turned by a predetermined quantity by the manual operation
of the shift select lever, the turning of the shift drum 167
axially moves the control rod 151 by a predetermined quan-
tity via the shift pin 158 fitted into the shift groove 167v, and
the eight cam rods Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe of
the fitting means 120 are interlocked via the lost motion
mechanisms 152, 153.

[0369] When the cam rods are axially moved, the pin 123
slidingly touched to the cam face of the cam rod C enters or
exits from the cam groove v, advances or retreats, the swing-
able pawl R is swung, the fitting to the driven transmission
gear n is released, another driven transmission gear n is fitted,
and a shift is executed by changing the driven transmission
gear n fitted to the counter gear shaft 112.

[0370] In the case of a shift by the manual operation of the
shift select lever, one operation of the shift select lever turns
the shift drum 167 by a predetermined angle, moves the
control rod 151 via the shift pin 158 and the control rod
operating cylinder 155 by predetermined quantity (equivalent
to one stage of the shift), the shift select lever itself is returned
to an original position, and the next shift is prepared.

[0371] FIGS. 19 to 22 show an accelerated state of the first
speed, to consider a case of a shift from the accelerated state
of'the first speed to the second speed by the manual operation
of the shift select lever, the shift drum 167 is turned by the
predetermined angle by the manual operation of the shift
select lever, and the control rod 151 is moved to the right in the
axial direction via the shift pin 158 by the predetermined
quantity.

[0372] When the control rod 151 is moved to the right, the
eight cam rods Cao, Cao, Cae, Cae, Cbo, Cbo, Cbe, Cbe are
interlocked via the coil springs 152s, 1535 of the lost motion
mechanisms 152, 153 and the rightward movement in the
axial direction is tried. However, as the swingable pawl Rao
for normal rotation and odd-numbered speed which the cam
rod Cao for normal rotation and odd-numbered speed oper-
ates via the pin 123 is fitted to the fitting projection portion
131 of the first driven transmission gear nl and receives
power from the first driven transmission gear nl, there is a
considerably large frictional resistance for the swing of the
swingable pawl Rao for normal rotation and odd-numbered
speed and the release of the fitting, there is immediately no
movement. Therefore, the cam rod Cbe for reverse rotation
and even-numbered speed also remains stopped. However,
the cam rod Cae for normal rotation and even-numbered
speed and the cam rod Cho for reverse rotation and odd-
numbered speed are moved without resistance.

[0373] The swingable pawl Rbo for reverse rotation and
odd-numbered speed of the first speed draws its fitting pawl
member Rp inside by the movement of the cam rod Cbo for
reverse rotation and odd-numbered speed.

[0374] As shown in FIGS. 30 to 32, the pin 123 enters the
cam groove v2 by the movement of the cam rod Cae for
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normal rotation and even-numbered speed. Therefore, the
swingable pawl Rae for normal rotation and even-numbered
speed corresponding to the second driven transmission gear
n2 is swung by the pressure of the compression spring 122
and the centrifugal force of the fitting pawl member Rp, the
fitting pawl member Rp projects outside and can be fitted to
the second driven transmission gear n2, and the fitting pro-
jection portion 131 of the second driven transmission gear n2
turned at higher speed than the counter gear shaft 112 rotated
together with the first driven transmission gear nl catches up
with the fitting pawl member Rp projecting outside of the
swingable pawl Rae for normal rotation and even-numbered
speed and is touched to it.

[0375] FIGS. 30 to 32 show a state immediately before the
fitting projection portion 131 of the second driven transmis-
sion gear n2 catches up with the fitting pawl member Rp
projecting outside of the swingable pawl Rae for normal
rotation and even-numbered speed. FIG. 31 shows a state in
which the fitting projection portion 131 of the first driven
transmission gear nl is fitted to the swingable pawl Rao for
normal rotation and odd-numbered speed and simultaneously
shows a state immediately before the fitting projection por-
tion 131 of the second driven transmission gear n2 catches up
with the fitting pawl member Rp projects outside of the
swingable pawl Rae for normal rotation and even-numbered
speed as shown in FIG. 32.

[0376] At this time, as the swingable pawl Rao for normal
rotation and odd-numbered speed is still fitted to the fitting
projection portion 131 of the first driven transmission gear nl
and receives power from the first driven transmission gearnl,
the control rod 151 is moved. However, the cam rod Cao for
normal rotation and odd-numbered speed remains stopped
because of frictional resistance, and as shown in FIG. 30, the
extended-diameter stopper part 15155 of the control rod 151
is substantially touched to the right cotter 153¢ of the lost
motion mechanism 153.

[0377] Even ifthe operation for an upward shift of the shift
select lever is made again till this time, the control rod 151 is
touched to the right cotter 153¢ of the lost motion mechanism
153 integrated with the cam rod Cao for normal rotation and
odd-numbered speed in a state in which the extended-diam-
eter stopper part 151bs is stopped, the movement is prohib-
ited, and the operation for the upward shift continuous at an
extremely short time interval is disenabled.

[0378] When the fitting projection portion 131 of the sec-
ond driven transmission gear n2 catches up with the fitting
pawl member Rp projecting outside of the swingable pawl
Rae for normal rotation and even-numbered speed from the
state shown in FIGS. 30 to 32, the counter gear shaft 112 starts
to be rotated at the same revolution speed as the second driven
transmission gear n2 by the second driven transmission gear
n2 turned at higher speed, the fitting pawl member Rp of the
swingable pawl Rao for normal rotation and odd-numbered
speed is separated from the fitting projection portion 131 of
the first driven transmission gear nl, and the actual upward
shift from the first speed to the second speed is executed.
[0379] When the fitting pawl member Rp of the swingable
pawl Rao for normal rotation and odd-numbered speed is
separated from the fitting projection portion 131 of the first
driven transmission gear nl, frictional resistance that fixes the
swingable pawl Rao for normal rotation and odd-numbered
speed gets lost, the cam rod Cao for normal rotation and
odd-numbered speed pressed by the coil spring 153s of the
lost motion mechanism 153 is moved to the right behind, the
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pin 123 located in the cam groove v1 gets out of the cam
groove, the swingable pawl Rao for normal rotation and odd-
numbered speed is swung, and the fitting pawl member Rp is
drawn inside.

[0380] As described above, as the fitting projection portion
131 of the first driven transmission gear nl is touched and
fitted to the fitting pawl member Rp of the swingable pawl
Rao for normal rotation and odd-numbered speed when the
accelerated state of the first speed is shifted to the second
speed the speed reducing ratio of which is smaller by one
stage, the fitting projection portion 131 of the second driven
transmission gear n2 turned at higher speed catches up with
the fitting pawl member Rp of the swingable pawl Rae for
normal rotation and even-numbered speed and is touched to it
in a state in which the counter gear shaft 112 is rotated at the
same speed as the first driven transmission gear nl, the
counter gear shaft 112 is rotated at higher speed together with
the second driven transmission gear n2 and the shift is
executed, the fitting pawl member Rp of the swingable pawl
Rao for normal rotation and odd-numbered speed is naturally
separated from the fitting projection portion 131 of the first
driven transmission gear nl, as the fitting is smoothly
released, no power is required for releasing the fitting, and
smooth operation and the smooth shift are enabled.

[0381] Also similarly in each shift from the second speed to
the third speed, from the third speed to the fourth speed, from
the fourth speed to the fitth speed and from the fitth speed to
the sixth speed, as the driven transmission gear n the speed
reducing ratio of which is smaller by one stage is fitted to the
swingable pawl R in a state in which the driven transmission
gear n is fitted to the swingable pawl R and a shift is executed,
smooth operation is enabled without power to release the
fitting, no clutch for the shift is required, no switching time is
lost in the shift, no driving force is also lost, shift shock is also
small, and a smooth shift can be executed.

[0382] Also similarly in a downward shift, as the swingable
pawl R is fitted to the driven transmission gear n the speed
reducing ratio of which is larger by one stage in a state in
which the driven transmission gear n is fitted to the swingable
pawl R and the downward shift is executed, no power for
releasing the fitting is required, smooth operation is enabled,
no clutch for the shift is required, no switching time is lost in
the downward shift, no driving force is also lost, shift shock is
also small, and a smooth downward shift can be executed.
[0383] As hitherto, no lost motion regulating means such as
the extended-diameter stopper parts 151as, 151bs is provided
to the control rod 151, the control rod 151 can be moved
without regulation when the operation for the upward shift of
the shift select lever is executed again in the operation for the
upward shift of the shift select lever so as to make a shift from
the first speed to the second speed for example before the state
shown in FIGS. 30 to 32 (before the fitting pawl member Rp
of the swingable pawl Rao for normal rotation and odd-
numbered speed is separated from the fitting projection por-
tion 131 of'the first driven transmission gear n1 and the fitting
is released). Therefore, the shift drum 167 is turned and
moves the control rod 151 to the right, the spring 153s of the
lost motion mechanism 153 is further compressed, the fitting
pawl member Rp projects outside of the swingable pawl Rae
for normal rotation and even-numbered speed is drawn by the
movement of the cam rod Cae for normal rotation and even-
numbered speed and cannot be fitted to the fitting projection
portion 131 of the second driven transmission gear n2.
Accordingly, the fitting of the fitting projection portion 131 of
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the first driven transmission gear nl to the fitting pawl mem-
ber Rp of the swingable pawl Rao for normal rotation and
odd-numbered speed is not released. Finally, the shift is dis-
enabled.

[0384] Nevertheless, as the shift drum 167 is turned, a situ-
ation that a shift position of the shift drum 167 and actual
speed are not matched occurs.

[0385] In the meantime, as in this multistage transmission
110, the extended-diameter stopper parts 151as, 151bs are
provided to the control rod 151 and the lost motion regulating
means that prohibits lost motion operation over one stage of a
shiftis provided, a wrong operation can be prevented because
the operation in the same direction of the shift select lever is
prohibited before the operation for a shift for one stage is
executed by the manual operation of the shift select lever and
fitting by the fitting means before the shift is released. Thus,
a situation wherein a shift position of the shift drum 67 and
actual speed are not matched can be avoided.

[0386] Though lost motion operation over one stage is pro-
hibited by the extended-diameter stopper parts 151as, 151bs
in the upward shift, it is also applied to a downward shift.
[0387] As these lost motion mechanisms 152, 153 are pro-
vided between the outside periphery of the control rod 151
and each inside face of the eight cam rods C, the width in the
axial direction is not required to extend because of the
arrangement of the lost motion mechanisms 152, 153. Thus,
the width in the axial direction of the multistage transmission
110 can be reduced.

[0388] Next, referring to FIG. 33, another embodiment will
be described.
[0389] FIG. 33 is a sectional view showing a counter gear

shaft 172 and the structure around it of a multistage transmis-
sion equivalent to this embodiment.

[0390] The lost motion mechanisms 152, 153 in the above-
mentioned embodiment are provided between the outside
periphery of the control rod 151 and each inside face of the
eight cam rods C, while lost motion mechanisms 182, 183 in
this embodiment are provided between an end in an axial
direction of a cam rod C and the outside periphery of a control
rod 181 and the structure except it is basically the same.
[0391] The numeral or character of the equivalent member
in the above-mentioned embodiment is used for members
except for a counter gear shaft 172, the control rod 181 and the
lost motion mechanisms 182, 183.

[0392] Eight cam rods C are slidingly touched to the out-
side periphery of the control rod 181, an outside recessed
portion is formed in right and left parts located on both sides
in an axial direction of the control rod 181, each spring 182s,
183s is housed between each inside recessed portion (at one
end, each snap ring 182w, 183w is provided) of cylindrical
spring holders 182/, 183/ and each right and left reduced-
diameter part, and each spring 182s, 183s is held between
split cotters 182¢ or 183¢ on both sides each of which is fitted
into both of the inside recessed portion and the reduced-
diameter part.

[0393] As for the left spring holder 1824, a part opposite to
two types of four cam rods Cbo for reverse rotation and
odd-numbered speed and Cae for normal rotation and even-
numbered speed respectively on its right end face is pro-
truded, a fitting pawl 182/c¢ is formed there, each fitting pawl
formed in the cam rod Cbo for reverse rotation and odd-
numbered speed and the cam rod Cae for normal rotation and
even-numbered speed and the fitting pawl 182/4¢ are mutually
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fitted, and the left spring holder and the cam rods are inte-
grally axially slidably coupled.

[0394] Similarly, as for the right spring holder 183/, a part
opposite to two types of four cam rods Cao for normal rota-
tion and odd-numbered speed and Che for reverse rotation
and even-numbered speed respectively on its left end face
projects, a fitting pawl 183%c¢ is formed there, each fitting
pawl formed in the cam rod Cao for normal rotation and
odd-numbered speed and the cam rod Cbe for reverse rotation
and even-numbered speed and the fitting pawl 183%c¢ are
mutually fitted, and the right spring holder and the cam rods
are integrally axially slidably coupled.

[0395] The lost motion mechanisms 182, 183 fulfill the
same function as the lost motion mechanisms 152, 153 in the
above-mentioned embodiment.

[0396] Anextended-diameter stopper part 181as, 18155 the
diameter of which is extended is formed in the center in the
axial direction of each outside recessed portion of the control
rod 181.

[0397] When the extended-diameter stopper part 181las
(181bs) is located between the right and left cotters 182¢
(183¢) and a certain speed is established, the distance
between the extended-diameter stopper part 181as (181bs) of
the control rod 181 and the cotter 182¢ (183¢) on each side is
equivalent to one stage of a shift.

[0398] Accordingly, when the control rod 181 is axially
moved by one stage, the spring holders 1824, 183/ are axially
moved via compression coil springs 182s, 183s of the left and
right lost motion mechanisms 182, 183.

[0399] If the movement over one stage of the control rod
181 is tried, the extended-diameter stopper part 182as, 182bs
of the control rod 181 is touched to one cotter 182¢, 183¢.
Thus, the movement of the control rod 181 is regulated.
[0400] Accordingly, as the further operation in the same
direction of a shift select lever is prohibited before a shift for
one stage is manually operated by the shift select lever and
fitting by fitting means before the shift is released, wrong
operation can be prevented and a situation that a shift position
of'the shift drum 167 and actual speed are not matched can be
avoided.

[0401] As these lost motion mechanisms 182, 183 are
coupled to axial ends of required cam rods C, they can be
easily attached and are excellent in assembly workability.
[0402] The invention being thus described, it will be obvi-
ous that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would be
obvious to one skilled in the art are intended to be included
within the scope of the following claims.

What is claimed is:

1. A multistage transmission where a plurality of driving
gears and a plurality of driven gears are journaled to mutually
parallel gear shafts in a constantly engaged state for every
speed, the plurality of gears of either of the driving gears or
the driven gears are fixed to the gear shaft, and a shift is
executed by switching fitting means which are provided
between the other plurality of gears and the gear shaft and
which fit each other by shift driving means and driving the
new gear;

wherein the fitting means includes a fitting means type for

normal rotation and a fitting means type for reverse
rotation fittable in only each rotation direction of the
normal rotation in which power from an internal com-
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bustion engine is transmitted of the gear and the reverse

rotation in which power from the side of a driving wheel

is transmitted;

wherein each fitting means is provided with:

a fitting projection portion provided to a plurality of
locations in a circumferential direction on an inside
periphery of each gear with a fitting face in the cir-
cumferential direction;

a fitting member provided to the gear shaft with the
fitting member projecting or drawn in and detachably
fitted to the fitting projection portion of each gear;

a plurality of cam rods which are axially slidably sup-
ported by the gear shaft and on each sliding face of
which a plurality of cam grooves are formed in axial
required locations; and

apindiametrically inserted into required locations of the
gear shaft, which is alternately touched to/into the
sliding face of the cam rod axially moved and the cam
groove, advances and retreats and which operates the
fitting member; and

wherein the shift driving means is provided with:

a control rod provided along a central axial of a hollow
part of the gear shaft inside the plurality of cam rods;
and

a lost motion mechanism which is inserted between an
outside periphery of the control rod and each inside
face of the plurality of cam rods and which interlocks
the control rod and each cam rod via a spring that
axially acts;

wherein a regulating rod integrally moved with the control

rod is provided to the gear shaft with the regulating rod

slidingly touched to the cam rod;

wherein a cutout into which the pin can be fitted together

with the cam groove of the slidingly touched cam rod is

formed corresponding to each cam groove in the regu-
lating rod;

wherein the cutout of the regulating rod corresponding to

the cam groove of the cam rod for normal rotation is

formed longer than the cam groove on the reverse side to

a moving direction of the control rod in an upward shift

in a state in which shifted speed is established; and

the cutout of the regulating rod corresponding to the cam

groove of the cam rod for reverse rotation is formed

longer than the cam groove on the reverse side to a

moving direction of the control rod in a downward shift

in a state in which shifted speed is established.

2. The multistage transmission according to claim 1,
wherein the regulating rod is axially relatively slidably pro-
vided, and held between the cam rod for normal rotation and
the cam rod for reverse rotation.

3. The multistage transmission according to claim 1,
wherein

the regulating rod is formed by a separate member from the

control rod; and

the regulating rod is connected by connecting means to

enable integral movement with the control rod.

4. The multistage transmission according to claim 2,
wherein the regulating rod is formed by a separate member
from the control rod; and

the regulating rod is connected by connecting means to

enable integral movement with the control rod.

5. The multistage transmission according to claim 3,
wherein the connecting means is a half cotter; and
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the half cotter is fitted into both a fitting groove provided to

the outside periphery of the control rod and a fitting

groove provided to an inside face of the regulating rod
and the regulating rod is integrally connected to the
control rod.

6. The multistage transmission according to claim 4,
wherein the connecting means is a half cotter; and

the half cotter is fitted into both a fitting groove provided to

the outside periphery of the control rod and a fitting

groove provided to an inside face of the regulating rod
and the regulating rod is integrally connected to the
control rod.

7. The multistage transmission according to claim 1,
wherein rods having the same function are arranged in sym-
metrical positions with them opposite to the outside periphery
of the control rod as the cam rod and the regulating rod.

8. The multistage transmission according to claim 2,
wherein rods having the same function are arranged in sym-
metrical positions with them opposite to the outside periphery
of the control rod as the cam rod and the regulating rod.

9. The multistage transmission according to claim 3,
wherein rods having the same function are arranged in sym-
metrical positions with them opposite to the outside periphery
of the control rod as the cam rod and the regulating rod.

10. The multistage transmission according to claim 5,
wherein rods having the same function are arranged in sym-
metrical positions with them opposite to the outside periphery
of the control rod as the cam rod and the regulating rod.

11. A multistage transmission wherein a plurality of driv-
ing gears and a plurality of driven gears are journaled to
mutually parallel gear shafts in a constantly engaged state for
every speed, the plurality of gears of either of the driving
gears or the driven gears are fixed to the gear shaft, fitting
means are provided between the other plurality of gears and
the gear shaft and which fit each other are switched by shift
driving means and a shift is executed,

wherein the fitting means is provided with:

a fitting part provided with a fitting face in a circumfer-
ential direction in a plurality of locations in the cir-
cumferential direction of an inside face of each gear;

a fitting member provided to the gear shaft and detach-
ably fitted to the fitting part of each gear; and

a plurality of cam rods which are axially movably slid-
ingly touched to an inside periphery of the hollow
gear shaft, on sliding faces of which a plurality of cam
faces are formed in axial required locations and which
operate the fitting member by its movement;

wherein the shift driving means is provided with:

a control rod axially movably provided along a central
axis of a hollow part of the gear shaft inside the
plurality of cam rods; and

a lost motion mechanism which is inserted between the
control rod and the plurality of cam rods and which
interlocks the control rod and each cam rod via a
spring that axially acts, and

alost motion regulating means for prohibiting a lost motion

operation over one stage of a shift for the lost motion

mechanism.

12. The multistage transmission according to claim 11,

wherein the lost motion mechanism comprises:

a spring holder for covering an outside recessed portion
formed by reducing a diameter of the control rod,
slidably armored on the control rod in an axial posi-
tion, and integrally fitted to a required cam rod and in
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which an inside recessed portion having the same
axial length is formed corresponding to the outside
recessed portion;

apair of opposite spring bearers across both space of the
outside recessed portion of the control rod and the
corresponding inside recessed portion of the spring
holder; and

the spring which is inserted between the pair of spring
bearers and which pushes both spring bearers in direc-
tions in which they are separated, and

wherein as the lost motion regulating means, an extended-
diameter stopper part acquired by extending a diameter
is formed in the axial center of the outside recessed
portion of the control rod, and both end faces of the
extended-diameter stopper part are opposite to the pair
of spring bearers with moving distance for one stage of
a shift maximum between both end faces.

13. The multistage transmission according to claim 12,

wherein the spring bearer is configured by a split cotter
acquired by splitting a annular shape into halves; and

the spring holder is configured by a bottomed cylindrical
member acquired by axially dividing the inside recessed
portion in two.
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14. The multistage transmission according to claim 11,
wherein the lost motion mechanism is inserted between the
outside periphery of the control rod and each inside face of the
plurality of cam rods.

15. The multistage transmission according to claim 12,
wherein the lost motion mechanism is inserted between the
outside periphery of the control rod and each inside face of the
plurality of cam rods.

16. The multistage transmission according to claim 13,
wherein the lost motion mechanism is inserted between the
outside periphery of the control rod and each inside face of the
plurality of cam rods.

17. The multistage transmission according to claim 11,
wherein the lost motion mechanism is inserted between an
axial end of the cam rod and the outside periphery of the
control rod.

18. The multistage transmission according to claim 12,
wherein the lost motion mechanism is inserted between an
axial end of the cam rod and the outside periphery of the
control rod.

19. The multistage transmission according to claim 13,
wherein the lost motion mechanism is inserted between an
axial end of the cam rod and the outside periphery of the
control rod.



