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U.S. Cl. 74—-337.5 16 Claims
Matter enclosed in heavy brackets [ ¥ appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

Shifting mechanism including an output shaft, a plural-
ity of gears of different size mounted for rotation on the
output shaft at fixed axial positions therealong, clutch
structures positioned between adjacent one of the gears
mounted on the output shaft for axial movement there-
along and against relative rotation with respect thereto
for engagement with different ones of said gears in accord-
ance with the axial position of the clutch structures for
alternatively connecting different ones of said gears for
driving the output shaft in a plurality of speeds in one
direction and at least one speed in the opposite direction,
means connected to said gears for continuously driving
the gears in the one and opposite direction, fork means
engaged with the clutch structures for moving them into
and out of engagement with the gears, a cam shaft for
rotation in opposite directions and cam means operable
between the cam shaft and forks for moving the forks to
successively engage alternatively different gears separated
by neutral positions to provide reverse, first, second and
third speeds for the output shaft.

In one modification the fork means includes a pair of
forks having sleeve portions with cam surfaces at the rela-
tively remote ends thereof urged in opposite directions
by spring means positioned therebetween sleeved over a
camming sleeve secured to the cam shaft for rotation
therewith including camming pins engaged with the outer
ends of the sleeve portions of the forks for moving the
forks in accordance with the cam surface on the ends
thereof on rotation of the cam shaft.

In another modification the fork means includes a
pair of forks having sleeve portions rotatably sleeved on
the cam shaft, a pair of cam plate supporting members
secured to the cam shaft at the opposite ends of the forks
for rotation with the cam shaft, a cam plate secured to
the plate supporting members having cam slots therein
and cam pins extending through the cam slots and se-
cured to the fork sleeves.

e ————

In the past shifting mechanism for transmission struc-
tures even in the case of simple transmission structures
have usually required complex movement of a shifting
member such as a rod or shaft which complex movement
may include axial movement, rotational movement and
movement in a plurality of directions about a pivot point.
Such shifting mechanisms require special knowledge of
the direction of movement and position required of the
shifting rod or shaft for each separate direction and speed
ratio provided by the transmission structure. In addition
such shifting mechanisms are undesirable in that they have
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in the past been complicated, uneconomical and often in-
cfficient.

Wherein it has in the past been attempted to provide
shifting mechanism in which movement of a shifting
member in a single direction has accomplished the shift-
ing between directions and speed ratios provided by a
transmission the shifting mechanism has similarly been
particularly complicated and thus uneconomical. Further,
prior shifting mechanisms of this type have often been in-
efficient or have lacked the required versatility necessary
for use with transmission structure providing a plurality
of speeds in one direction and at least one speed in an
opposite direction.

It is, therefore, one of the objects of the present inven-
tion to provide improved shifting mechanism for use with
transmission structures or the like.

Another object is to provide shifting mechanism for
shifting between a plurality of transmission speeds in one
direction and at least one transmission speed in the oppo-
site direction on rotation of a single shifting shaft.

Another object is to provide shifting mechanism for
transmission structure including a plurality of gears driven
in one direction and at least one gear driven in the oppo-
site direction including an output shaft, a plurality of
gears mounted on the output shaft in mesh with the trans-
mission structure gears, clutch structures mounted on the
output shaft for selectively connecting the output shaft
to the gears thereon on movement thereof, shifting forks
engaged with the clutch structures, a cam shaft carrying
the shifting forks and cam means on the cam shaft oper-
able in conjunction with the shifting forks to move the
clutch structures axially of the cam shaft to connect the
output shaft with a selected one of said plurality of gears.

Another object is to provide shifting mechanism as
set forth above wherein the shifting forks have cam sur-
faces thereon and the cam means includes cam pins in
spaced apart relation to each other on the cam shaft
with the shifting forks therebetween and resilient means
operable between the shifting forks for urging the cam sur-
faces on the shifting forks into engagement with the cam
pins on the cam shaft.

Another object is to provide shifting mechanism as
set forth above wherein the cam means includes a cam
pin on each of the shifting forks and a cam plate secured
to the cam shaft for rotation therewith having separate
cam slots therein receiving the separate cam pins.

Another object is to provide shifting mechanism which
is simple in construction, economical to manufacture and
efficient in use.

These and other objects and features of the invention
will become apparent as the description proceeds, espe-
cially when taken in conjunction with the accompanying
drawing, illustrating a preferred embodiment of the in-
vention, wherein:

FIG. 1 is a perspective view of shifting mechanism
constructed in accordance with the invention.

FIG. 2 is a perspective view of modified cam struc-
ture for the shifting mechanism illustrated in FIG. 1.

FIG. 3 is a diagrammatic representation of a cam
configuration for use in the shifting mechanisms illustrated
in FIGS. 1 and 2.

With particular reference to the figures of the drawing,
one embodiment of the present invention will now be
considered in detail.

As shown best in FIG. 1, the shifting mechanism
10 includes clutch structures 12 and 14, the shifting forks
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16 and 18, cam shaft 20 and spring 22. The shifting
mechanism 10 is illustrated in conjunction with driven
gears 24, 26, 28 and 30 in mesh with gears 32, 34, 36
and 38 respectively on the output shaft 44.

In operation, the shifting forks 16 and 18 are moved
to position the clutch mechanisms 12 and 14 so that the
gears 38, 36, 34 and 32 are successively connected to
the output shaft 44 on the rotation of the shaft 20 in
a clockwise direction from a counter-clockwise limiting
position.

More specifically, the driven gears 24, 26 and 28 may
be connected to a first driven shaft 40 for driving the
gears 24, 26 and 28 in a predetermined direction which
may be considered a forward direction. The gear 30 is
similarly connected to a driven shaft 42 for driving the
gear 30 in an opposite direction which may be considered
a reverse direction. The drive structure for the shafis 40
and 42 form no part of the present invention and there-
fore will not be considered in detail herein,

The separate gears 32, 34, 36 and 38 are secured to
the output shaft 44 by convenient means such as the
collars 46 for rotation with respect to the shaft 44 in
a fixed axial position on the shaft 44. The gears 32, 34
and 36 are meshed with the gears 24, 26 and 28 and
are rotated by the gears 24, 26 and 28 in a direction to
provide three forward speeds in accordance with the
gear ratios for the output shaft 44 when connected to the
drive shaft 44 for rotation therewith. The gear 38 is
meshed with the gear 30 whereby the gear 38 provides
rotation of the output shaft 44 in a reverse direction
when connected to the output shaft 44 for rotation there-
with.

The clutch structures 12 and 14 are the same. There-
fore, only clutch structure 12 will be considered in de-
tail. The clutch structure 12 is a hollow cylindrical mem-
ber 48 having dogs 50 on the opposite side thereof for
engagement with similar dogs on the adjacent sides of
the gears 36 and 38 on axial movement of the hollow
cylindrical member 48 in opposite directions along the
output shaft 44. The hollow cylindrical member 48 in-
cludes the annular groove 52 axial centrally thereof. The
clutch structure 12 is connected to the output shaft 44
for axial movement with respect thereto and is fixed rota-
tionally with respect thereto by spline means 54 operable
therebetween.

In operation on axial movement of the clutch structure
12 on output shaft 44 in opposite directions, the clutch
structure 12 will connect the output shaft 44 to the gear
36 on movement to the left in FIGURE 1 and will con-
nect the output shaft 44 to the gear 38 on movement to
the right in FIGURE 1. Similarly, the clutch structure
14 on movement to the left in FIGURE 1 will connect
the gear 32 to the output shaft 44 due to engagement of
dogs on the gear 32 with the dogs 50 on the clutch struc-
ture 14. On movement to the right in FIGURE 1, the
clutch structure 14 connects the gear 34 with the output
shaft 44.

The clutch structures 12 and 14 are moved axially of
the drive shaft 44 by the shifting forks 16 and 18 respec-
tively, The shifting forks 16 and 18 are similar. There-
fore, only the shifting fork 18 will be considered in
detail.

The shifting fork 18 is provided with a semi-circular
notch in the end 56 thereof fitting within the annular
recess 52 of the clutch structure 14. A hollow cylindrical
portion 58 is provided on the upper end of the shifting
fork 18 which cylindrical portion is sleeved over the cam
sleeve 60 for axial movement with respect to the cam
shaft 20 on rotation of shaft 20, A cam surface 62 is
provided on one end of the cylindrical portion 58 of the
shifting fork having a cam contour similar to that illus-
trated in FIGURE 3 at the left. The shifting fork 16
differs from the shifting fork 18 in that the cam surface
64 thercof is similar to the cam surface illustrated in
FIGURE 3 at the right.
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The shifting forks 16 and 18 as indicated above are
sleeved over the cam sleeve 60 for axial movement with
respect thereto. The cam sleeve 60 is secured to the cam
shaft 20 for rotation therewith about the longitudinal
axis 66 of the cam shaft 20. The cam pins 68 and 70
extend perpendicularly from the cam sleeve 60 for rota-
tion with the cam shaft 20. Spring 22 urges the shifting
forks 16 and 18 away from each other so that the cam
surface 62 engages the cam pin 70 and the cam surface
64 engages the cam pin 68.

In overall operation of the shifting mechanism 10 with
the shaft 20 in a full counter-clockwise direction, the pin
70 engages the cam surface 62 to maintain the fork 18
in a neutral position while the pin 68 engages the cam
surface 64 to permit movement of the clutch structure 12
to connect the gear 38 with the output shaft 44 whereby
reverse rotation is imparted to the output shaft 44. The
relative position of the cam surfaces 62 and 64 and pins
70 and 68 are illustrated in FIGURE 3 at the line indi-
cated R at the right for reverse rotation of the shaft 44.

As the cam shaft 20 is rotated clockwise into the posi-
tion indicated by the line N at the right in FIGURE 3,
the cam surfaces 64 and 62 are such that the shifting
fork 18 will remain in the neutral position as illustrated
in FIGURE 3 and the fork 16 will be returned to the
neutral position as illustrated on the line N at the right
in FIGURE 3. Thus, in the neutral position both of the
clutch structures 12 and 14 are out of engagement with
the gears 32, 34, 36 and 38.

On continued rotation of the shaft 20 in a clockwise
direction clutch structure 12 moves to the left from the
neutral position to connect the first gear 36 with the out-
put shaft 44 whereby a first or low forward speed is im-
parted to the shaft 44. The clutch structure 14 is still
maintained in a neutral position as illustrated in FIG-
URE 3. Continued rotation of the shaft 20 in the clock-
wise direction brings the clutch structure 12 back to the
neutral position again as shown in FIGURE 1.

As the cam shaft 20 is rotated still further in a clock-
wise direction the shifting fork 16 and clutch structure
12 are maintained in a neutral position due to the inner
action between the cam pin 68 and cam surface 64. How-
ever, the shifting fork 18 is moved to the right whereby
the clutch structure 14 connects the second gear 34 with
the output shaft 44 to produce rotation thereof at a sec-
ond forward speed.

Similarly, continued rotation of the cam shaft 20 clock-
wise will return the shifting fork 18 and clutch structure
14 to the neutral position while maintaining the shifting
fork 16 and clutch structure 12 in the neutral position and
will subsequently move the shifting fork 18 into a posi-
tion whereby the gear 32 is connected by clutch struc-
ture 14 to drive shaft 44 to provide a third forward speed
of rotation thereof while the shifting fork 16 is main-
tained in a neutral position.

With the shifting mechanism shown it will thus be
evident that the shifting mechanism may be returned to
neutral from any speed ratio. However, none of the speed
ratio gears may be skipped in returning the cam shaft 20
to the ultimate neutral position between the reverse and
first forward gear ratio position. Thus, the skipping of gear
ratios which is detrimental to the transmission and shift-
ing mechanism is prevented while a complete gear ratio
range for forward speeds and a reverse speed is provided
in accordance with the shifting mechanism 10 which is
simple, economical and efficient.

The modified shifting mechanism 98 illustrated in FIG-
URE 2 is similar to the shifting mechanism illustrated in
FIGURE 1 except that the shifting forks 72 and 74 are
provided with cam follower pins 76 and 78 secured there-
to and a cam plate 80 is mounted on the cam shaft §2
for rotation therewith by means of the annular discs 84 at
cach end thereof. The cam pins 76 and 78 are positioned
in cam slots 86 and 88 in the cam plate 8¢ which are
formed in the manner of the cam surfaces 62 and 64 to
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provide movement of the shifting forks 72 and 74 similar
to the movement of the shifting forks 16 and 18. Again
the cam shaft 20 is mounted in a fixed axial position in
the bearings 90 and 92 similar to the bearings 94 and 96
rotatably mounting the cam shaft 20 in a fixed position
axially.

The operation of the modified shifting mechanism 98
illustrated in FIGURE 2 is exactly the same as the shift-
ing mechanism 10, While one embodiment of the present
invention and one modification thereof have been con-
sidered in detail, it will be understood that other em-
bodiments and modifications of the invention are con-
templated. It is the intention to include all embodiments
and modifications as are defined by the appended claims
within the scope of the invention.

What I claim as my inventicn is:

1. In combination an output shaft, [at least a] first, sec-
ond, third and reverse [gear] gears rotatably mounted on
the output shaft, means for rotating the first, second and
third gears in one direction and means for rotating the re-
verse gear in the opposite direction [for providing a.p]u-
rality of rotational speeds of the output shaft in one direc-
tion and at least one speed of the output shaft in the reverse
direction on connection of the gears thereto for rotation],
separate clutch [structure} structures mounted on the out-
put shaft for rotation therewith and movement axially
thereof between the reverse and first and between the sec-
ond and third gears respectively, [including an annular re-
cess centrally thereof,] a cam shaft, a camming slee‘{e
mounted on the cam shaft for rotation therewith, a cam pin
extending transversely outwardly from the camming sleeve
at the ends thereof, a pair of shifting forks having slef:ve
portions sleeved over the camming sleeve between the pins,
cam ends on the sleeve portions of the shifting forks in
engagement with the cam pins on the cam sleeve, resilient
means operable between the adjacent ends of' t'he sleeve
portions of the shifting forks urging the shifing for.ks
in opposite directions info engagement with the cam pins
on the cam sleeve [and fork ends on the shifting forks
received within the annnlar recess of] and a fork end on
each shifting fork engaged with a rtespective clutch
structure for movement of the clutch structures axially of
the cam shaft and output shaft on rotation of the cam
shaft to engage the clutch structures with the gears al-ter-
natively on rotation of the cam shaft in a single direction.

2. Structure as set forth in claim 1, wherein the cam
surfaces on the shifting forks Fare designed and con-
structed to] move the shifting forks to successively en-
gage a clutch structure with the reverse, first, second
and third gears with a neutral fork position in which no
gear is engaged with a clutch structure between engage-
ment of each of the gears with a clutch structure on ro-
tation of the cam shaft in a single direction.

3. In combination an output shaft, [at least a]l first,
second, third and reverse [gear] gears rotatably mounted
on the output shaft, means for rotating the first, second
and third gears in one direction and means for rotating
the reverse gear in the opposite direction [for providing
a plurality of rotational speeds of the output shaft in
one direction and at least one speed of the output shaft in
the reverse direction on connection of the gears thereto
for rotation with the output shaft}, separate clutch
[structured structures mounted on the output shaft for
rotation therewith and movement axially thereof between
the reverse and first and between the second and third
gears respectively, Lincluding an annular recess centrally
thereof,] a cam shaft, a pair of shifting forks mounted
on the cam shaft for movement axially thereof, each in-
cluding a sleeve portion sleeved over the cam shaft and
cam pins extending out of the sleeve portion of the shift-
ing forks, a forked end on each of the shifting forks
Lreceived within the annular recess of Y engaged with a re-
spective clutch structure, a cam plate secured to said cam
shaft over the sleeve portions of the shifting forks for
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rotation with the cam shaft having cam slots therein
receiving the cam pins on the shifting forks, whereby on
rotation of the cam shaft the shifting forks are moved
axially of the cam shaft and output shaft to [engagel
move the clutch structures info engagement with prede-
termined ones of the gears alternatively.

4. Structure as set forth in claim 3, wherein the cam
slots [are designed and constructed to] move the shifting
forks to successively engage a clutch strucrure with
the reverse, first, second and third gears with a neutral
fork position in which no gear is engaged with a clutch
structure between engagement of each of the gears with a
clutch structure on rotation of the cam shaft in a single
direction.

S. Shifting mechanism comprising a cam shaft, a cam
sleeve secured to said cam shaft for rotation therewith,
cam pins extending transversely out of the cam sleeve
at the opposite ends thereof, shifting forks having sleeve
portions at one end thereof mounted for axial movement
on the cam sleeve between the pins, said sleeve portions
having cam ends thereon engaged with the cam pins and
resilient means operable between the adjacent ends of
the sleeve portions of the shifting forks for urging the
shifting forks in opposite directions, whereby the cam
surface on the cam ends of the sleeve portions of the
sl}ifting forks are maintained in engagement with the cam
pins on the cam sleeve on rotation of the cam shaft.

6. Shifting mechanism comprising a cam shaft, a pair
of shifting forks having sleeve portions at one end there-
of mounted on the cam shaft for axial movement there-
a}ong, cam pins extending transversely of the sleeve por-
tion of the shifting forks, annular discs secured to the cam
shaft at opposite ends thereof including the sleeve por-
tions of the shifting forks therebetween, a cam plate
secured to and extending between the annular discs for
rotation with the cam shaft and cam slots in the cam
platg for receiving the cam pins secured to the sleeve
portions of the shifting forks whereby the shifting forks
are moved axially of the camming shaft on rotation of
the camming shaft,

7. Shifting mechanism comprising a shaft, a pair of
shifting forks having sleeve portions at one end thereof
mounted on the shaft for axial movement therealong,
cam pins extending transversely of the sleeve portions of
the shifting forks, a cam plate mounted adjacent the sleeve
portions of the shifting forks for movement relative there-
to and cam slots in the cam plate for receiving the cam
pins secured to the sleeve portions of the shifting forks
whereby the shifting forks are moved axially of the shaft
on relative movement between the cam plate and shifting
forks.

8. Shifting mechanism comprising a pair of shifting
forks, means slidably mounting the shifting forks for axial
movement toward and away from each other, a cam plate
mounted adjacent the shifting forks for movenient rela-
tive thereto and cam siot and cam pin means operable
between the shifting forks and cam plate for shifting the
forks axially on relative movement of the cam plate with
respect to the cam forks,

9. In combination, an output shaft, first, second, third
and reverse gears rotatably mounted on the output shaft,
means for rotating the first, second and third gears in
one direction, and means for rotating the reverse gear in
the opposite direction, separate clutch structures mounted
on the output shaft for rotation therewith and movement
axially thereof between the reverse and first and between
the second and third gears, respectively 1o engage the gears
to produce rotation thereof with the output shaft in ac-
cordance with the axial position of the clutch structure
on the output shaft, a pair of shifting forks engaged with
the clutch structures for avial movenment thereof with the
shifting forks, means slidably mounting the shifting forks
for axial movement toward and away from each other,
a cam plate mounted adjacent the shifting forks for move-
ment relative thereto and cam slot and cam pin means
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operable between the shifting forks and cam plate for
shifting the forks axially on relative movement of the cam
plate with respect to the cam forks.

10. Shifting mechanism comprising a cam slide, shift-
ing forks positioned on the slide for axial movement there-
along, resilient means acting between the shifting forks
for urging them away from other along the cam slide, a
cam surface on one of the shifting forks and cam slide
and a cam follower on the other of the shifting forks and
cam slide, said cam surface and cam follower being en-
gaged with each other for relative movement of the shift-
ing forks on the cam slide in response to relative move-
ment of the cam surface and cam follower.
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