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(54) EXTENDED RANGE TRANSMISSION

(71)  We, EATON CORPORATION, a
Corporation organized and existing under the
laws of the State of Ohio, U.S.A., of 100
Erieview Plaza, Cleveland, Ohio, 44114, US.A.,

5 do hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed, to
be particularly described in and by the follow-
ing statement.

10 The present invention relates to a simple
change-gear transmission utilizing a compound
countershaft.

Simple transmissions, that is, transmissions
utilizing one piece mainshafts, are well known

15 in the prior art. Transmissions utilizing either
simple or compound mainshafts in connection
with multiple countershafts wherein either the
mainshaft gears or the countershaft gears are
mounted in a radially floating manner relative

20 to the other gears are well known in the prior
art. Examples of such transmissions may be
seen by reference to United States Patents
Nos. 3 105 395;3 255 644; 3 283 613;
3335616;3 349 635;3 378 214;3 500 695;

25 and 3 648 546.

The prior art transmissions, particularly
those transmissions utilizing a floating main-
shaft in connection with multiple counter-
shafts, have proven to be highly acceptable.

30 However, to achieve a sufficiently large range
of available gear ratios, it has generally been
necessary to utilize a compound transmission.
Such transmissions generally comprise a main
transmission and an auxiliary transmission of

35 either the “range” type or the “splitter” type
or a combination thereof as is well known in
the prior art. Such transmissions are highly
effective and commercially successful, especially
for use in heavy duty vehicles wherein a large

40 range of ratios is required and a large number of
individual gear ratios is required. Such heavy
duty compound transmissions typicaily have 9,
10, 12, 13 or more forward gear ratios.

There has, however, developed a need for

45 transmissions having a greater range of ratios
and a greater number of ratios than is normally
available in a simple transmission as the centre-
line distance required in prior art simple trans-
missions to provide same would become too

50 great yet not justifying the somewhat expensive
structure and controls required for a compound
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transmission. The prior art devices have been
unable to completely satisfactorily fill this
need.

A change-gear transmission accordingly to 55
the invention comprises an input shaft having
an input gear supported thereon for rotation
therewith; a mainshaft; at least one compound
countershaft disposed substantially parallel to
the axis of rotation of the mainshaft, the 60
countershaft having a plurality of countershaft
gears supported thereby for rotation therewith,
one of the countershaft gears being in constant
meshing engagement with the input gear to
establish a driving relation between the input 65
shaft and the countershaft, and the compound
countershaft comprising a first portion carrying
the countershaft gear constantly meshed with
the input gear and a second portion, a counter-
shaft gear on the said first portion and a 70
countershaft gear on the said second portion
each being constantly meshed with idler gear
means to establish a driving relation between
said first and second countershaft portions, a
plurality of mainshaft gears surrounding the 75
mainshaft for free rotation relative thereto,
each of the mainshaft gears being constantly
meshed with one of the countershaft gears;and
means to selectively clutch the mainshaft gears
one at a time to the mainshaft to establisha 80
driving relation between the countershaft and
the mainshaft.

The transmission preferably utilizes a float-
ing mainshaft in connection with substantially
identical multiple countershafts, each of said 85
countershafts being compounded to provide an
extended range of ratios with a minimal
centre distance and minimum axial length of
countershaft portion. The or each countershaft
is compounded by the use of a countershaft 20
idler which may be mounted on an axis parallel
to the axis of the countershaft and/or may be
on an axis concentric with the axis of the
mainshaft.

Preferably the or each respective first and 95
second countershaft portions are substantially
coaxial,

Thus a change-gear, floating mainshaft,
multiple countershaft transmission wherein
each of the countershafts is compounded to
provide an extended range and/or number of
available gear ratios within a predetermined
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centreline distance can be provided.

In order that the invention may be more
readily understood, specific embodiments
thereof will now be described with reference to
the accompanying drawings in which:

Figure 1 is a schematic illustration of one
embodiment of a transmission of the present
invention;

Figure 2 is a schematic illustration of
another embodiment of a transmission of the
present invention;

Figure 3 is a schematic illustration of a
further embodiment of a transmission of the
present invention;

Figure 4 is a sectional view of the trans-
mission schematically illustrated in Figure 3;
and

Figure S is a schematic illustration of the
shift pattern for any of the transmissions
illustrated in Figures 1,2 and 3.

In this disclosure, certain terminology will
be used for convenience in reference only
and is not intended to be limiting. For example,
the terms “forward” and “rearward” will refer
to directions forward and rearward of the
vehicle in which the transmission is installed.
The terms “rightward” and “leftward” will
refer to directions as taken in the drawings
in connection with which the terminology is
used. The terms “inward” and “outward” will
refer to directions toward and away from,
respectively, the geometric centre of the
apparatus. All foregoing terms mentioned
include the normal derivatives and equivalent
of each thereof.

For convenience of identification, the
shafts 12, 112 and 212 have throughout
been called the input shaft, and the shafts 18,
118 and 218 have been called the main
shaft and output. This terminology has, how-
ever, been used for convenience in reference
and is not intended to be given limiting
significance in as much as the apparatus will
operate with the direction of power flow
reversed.

One embodiment of a transmission of the
present invention may be seen by reference
to Figure 1. The transmission 10 schematically
illustrated is of the multiple countershaft type
and has an input shaft 12 designed to be driven
by the primer mover of the vehicle and carry-
ing a drive gear 14 thereon. A pair of com-
pound countershafts 16 and 164 and a floating
mainshaft 18 are provided. The axes of the
mainshaft 18 and the compound countershafts,
16 and 164, are substantially parallel. The axis
of input shaft 12 is substantially concentric
with the axis of mainshaft 18. The compound
countershafts, 16 and 164, are substantially
identical. Each of the compound countershafts,
16 and 164, comprises a forward portion 20
and 204 and a rearward portion 22 and 224,
respectively. Forward countershaft portions,
20 and 204, arc equi-radially though differently
spaced with respect to the axis of the main-

shaft 18 from the rearward portions 22 and
224, respectively. In this respect, it should be
noted that Figures 1 to 3 are not planar cross-
sections but are merely illustrations to show the
arrangement of the shafts and gears. As willbe 70
explained in more detail later, the forward
countershaft portions 20 and 204 are drivingly
connected to the rearward countershaft por-

tions 22 and 224 by idlers 70 and 704 respec-
tively. The forward portions 20 and 204 of the 75
compound countershafts, 16 and 164, carry

gears 24,26, 28, 30, 32 and 244, 264, 284,

304 and 324 respectively. The rearward por-
tions, 22 and 224, of the compound counter-
shafts, 16 and 164, carry gears 34,36, 38, and g
344,364, 384 404, respectively. Gears 42,

44, 46 48, 50 and 52 encircle the mainshaft 18

and are constantly engaged with and supported

by the countershaft gears 26, 264, 28, 284,

30, 304, 32, 324, 38, 384 respectively, as 85
is well known in the art. Further as is well

known, the reverse gears 40 and 404 mesh with
respective reverse idler gears (not shown) which
engage with and support gear 54 also encircling

the mainshaft 18. Axially slidable clutches 56, 90
58, 60 and 62 are splined to the mainshaft for
rotation therewith in a known manner. Clutch

56 may be selectively engaged to rotationally

fix either the input shaft 12 or the gear 42 to

the mainshaft. Clutch 58 may be selectively 95
engaged to fix gear 44 or gear 46 to the main-
shaft. Clutch 60 may be selectively engaged to
fix gear 48 or gear 50 to the mainshaft. Clutch
62 may be utilized to fix gear 52 or gear 54 to
the mainshaft.

In so far as the compound countershafts 16
and 164 are analogous to prior single portion
countershafts, the operation and structural
features of the “floating” mainshaft, multiple
countershaft type of transmission described
above is well known in the prior art and a more
detailed description thereof may be seen by
reference to United States Patent Nos
3105395;3237472,3335616;and/or
3500 695.

In operation, the input shaft 12 drives gear
14 which is constantly engaged with gears 24
and 244, to drive the compound countershafts
16 and 164 and the countershaft gears
mounted thereon. The countershaft gears are
constantly engaged with the mainshaft gears
and thus mainshaft gears 42, 44, 46, 48, 50, 52
and 54 are constantly rotating whenever the
input shaft is rotating. The operator of the
vehicle may, for example, simply move sliding
clutch 62 to the right to rotationally couple
gear 54 to the mainshaft to achieve a reverse
rotation (via the unshown reverse idler gears).
Similarly, sliding clutch 62 may be moved to
the left to couple gear 52 to the mainshaft 18
for operation in the first forward speed. Simi-
larly, sliding clutch 60 may be utilized to
engage gear 50 with the mainshaft for second
speed or gear 48 with the mainshaft for third
speed. In a similar manner clutch 58 may be
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utilized to engage gear 46 with the mainshaft
for fourth speed or gear 44 with the mainshaft
for fifth speed. Clutch 56 may be utilized to
engage gear 42 with the mainshaft for sixth
speed or to engage the input shaft 12 directly
with the mainshaft 18 for seventh speed opera-
tion.

Reference to Figure 5 will illustrate the shift
pattern followed by the operator.

Idler gears 70 and 704 are in constant
engagement with gears 32 and 324 on the
forward countershaft portions 20 and 204
and are in constant engagement with gears 34
and 344 on the rearward countershaft portions
22 and 224. Thus, the forward countershaft
portions, 20 and 204, drive the rearward
countershaft portions, 22 and 224, through
the idler gears 70 and 704 and a further gear
reduction may thus be achieved without the
requirement of increasing the centre distance
of the transmission. It is noted that the term
“centre distance” as used in connection with
multiple countershaft transmissions means the
distance between the axis of rotation of either
of the countershafts and the axis of rotation
of the mainshaft. As mentioned above, the
centre distance of both the forward and
rearward portions of the countershafts is the
same, although the forward and rearward por-
tions are differently spaced circumferentially
about the axis of the mainshaft. Idler gears
70 and 704 are mounted on an axis parallel
to the axes of the countershafts.

Another embodiment of the transmission of
the present invention may be seen by reference
to Figure 2. In the description of this embodi-
ment, transmission 110, elements like elements
of transmission 10 of Figure 1 will be assigned
like reference numerals with a “1” appended
thereto. The transmission 110 is substantially
identical to the transmission 10 described above
in that an input shaft 112 carrying a drive gear
114 is utilized to drive a pair of substantially
identical compound countershafts 116 and
1164 by means of countershaft gears 124 and
1244 mounted on the compound countershafts
116 and 1164, respectively. The compound
countershafts 116 and 1164 each comprise a
forward portion, 120 and 1204, and a rearward
portion, 122 and 1224, respectively, which
forward and rearward portions may be coaxial.
Gears 124, 126,128,130, 132,134, 138 and
140 on compound countershaft 116 and their
counterparts on compound countershaft 1164
all serve the same function as that described
for transmission 10 and will not be described
in further detail, The transmission includes a
flaoting mainshaft 118 surrounded by gears
142, 144, 146, 148, 150, 152, and 154 which
operate in the same manner as the correspond-
ing gears of transmission 10 described above
and will not be described in further detail.
Similarly, clutches 156, 158, 160 and 162 are
structurally and operationally similar to those
described above in connection to transmission

10 and will not be described in any further
detail.

The major difference between transmission
110 and transmission 10 described above
involves the structure and operation of the idler
gearing between the forward countershaft por-
tions, 120 and 1204, and the rearward counter-
shaft portions 122 and 1224. In this embodi-
ment, compound idlers 170 and 1704 are
utilized. The idlers, 170 and 1704, are com-
pound and each comprising an idler shaft, 172
and 1724, respectively, upon the forward end
of which is mounted gear, 174 and 1744,
respectively, which is in meshing engagement
with gear 132 and 1324, respectively. The rear-
ward end of the idler shafts 172 and 1724
carry gears 176 and 1764, respectively, which
are in meshing engagement with gears, 132 and
1344, respectively, to drive the rearward
countershaft portions 122 and 1224, respec-
tively. The idler shafts 172 and 1724 are
parallel to the axes of rotation of the counter-
shafts and the mainshaft, The use of such com-
pound idlers allows for a greater reduction in
speed between the forward portions, 122 and
1224, of the countershafts, 116 and 1164,
respectively, to achieve a greater range of avail-
able gear ratios without increasing the centre-
line distances.

A further embodiment of the present inven-
tion may be seen by reference to Figure 3. In
this embodiment, elements similar in function
and structure to those described in the embodi-
ment described in Figure 1 will be designated
by like numerals with a “2” appended thereto.
The transmission 210 is provided with an input
shaft 212 carrying a drive gear 214 which is in
constant engagement with gears 224 and 2244
carried by the twin compound countershafts
216 and 2164. The compound countershafts
216 and 2164 comprise forward portions, 220
and 2204, respectively, and rearward portions,
222 and 2224, respectively, which foward
and rearward portions may be coaxial but as
explained below are infact circumferentially
spaced. Gears 224, 226, 228, 230, 232, 234,
236, 238, and 240 carried by compound
countershaft 216 and the corresponding gears
on compound countershaft 2164 are similar in
structure and function to the corresponding
gears discussed above in connection with trans-
mission 10 and will not be described in any
further detail. Similarly, gears 242, 244, 246,
248,250, 252 and 254 and clutches 256, 258,
260, and 262 associated with the mainshaft
218 are substantially identical in structure and
function with the corresponding gears and
clutches discussed in connection with trans-
mission 10 and will not be described in further
detail herein. Countershaft gears 232 and 2324
meshingly engage and drive mainshaft gear 248
as may be seen. An idler gear 270 also
surrounds mainshaft 218 and is splined or
coupled to gear 248 for rotation therewith. The
idler gear 270 drivingly engages countershaft

100

105

110

115

120

125

130



10

15

20

25

30

35

40

45

50

53

60

65

4 1591973 4

gears 234 and 2344 which are rotationally
fixed to rearward countershaft portions 222
and 2224, respectively, to drive the rearward
portions 222 and 2224 of the countershafts.
In this embodiment, idler gear 270 has an
axis of rotation concentric with the axis of
rotation of the mainshaft 218.

Figure 4 illustrates structurally the trans-
mission 210 schematically illustrated in Figure
3. Elements of the transmission structure illus-
trated in Figure 4 corresponding to those
elements schematically illustrated in Figure
3 will be assigned like numerals.

The multicountershaft transmission 210
includes a horizontally split housing H, only
a portion of which is shown. The housing H has
a forward end wall 302 and a rearward end
wall 303. Each of the endwalls is provided
with openings for receipt of the various shaft
bearings. The input shaft 212 is supported by
bearing 304 and carrics an enlarged splined
head 306 on the rearward end thereof. The
head 306 carries splines 307 which support
the annular drive gear 214. The drive gear
214 has external tecth 308 and internal
clutch teeth 310.

The transmission 210 includes two sub-
stantially identical or twin compound counter-
shafts, only one of which, 216, is illustrated.
Countershaft 216 comprises a forward portion
220 and a rearward portion 222, which are
equiradially though differently circumferen-
tially spaced from the axis of the mainshaft
218. As with Figures 1 to 3, it should be
noted that Figure 4 is not a cross-section on a
single plane. The left-hand part of Figure 4 is a
section through the forward countershaft por-
tion 220 whilst the right-hand part is a section
through the rearward countershaft portion.
Forward portion 220 of compound counter-
shaft 216 is supported by bearings 312 and
314. Rearward portion 222 and countershaft
216 is supported by bearings 316 and 318, (for
illustrative purpose, the bearing 316 being
shown out of position). The forward portion
220 of countershaft 216 carries thereon and
fixed for rotation therewith countershaft
gears 224,226,228, 230 and 232. The rear-
ward portion 222 of countershaft 216 carries
thereon and fixed for rotation therewith
countershaft gears 234, 236, 238 and 240.
Countershaft gear 224 is in constant mesh with
the input or drive gear 214,

The main shaft 218 also comprises the out-
put unit of transmission 210, The mainshaft is
arranged substantially coaxially with the input
shaft 212 and is mounted for a degree of radial
movement or floating movement relative to
the countershafts 216 and 216A4. In the
embodiment illustrated the forward end 320 of
the main shaft 218 is loosely received with
bushing 322 located in an annular recess at
the rearward end of input shaft 212, The rear-
ward end 324 of mainshaft 218 is pivotally
supported by a bearing 326. Further details as

to the mounting of the mainshaft may be seen
by reference to U.S. Patent No. 3 500 695.
This type of a floating mounting of the main-
shaft is for descriptive purposes only is not
intended to be limiting. Mainshaft gears 242,
244,246,248, 250,252 and 254 encircle the
mainshaft 218 for constant engagement with
and support by the countershaft gears as is well
known in the prior art. Clutch units 256, 258,
260 and 262 are utilized to selectively clutch
one of the mainshaft gears to the mainshaft.

By way of example, mainshaft clutch unit
256 is slidingly mounted on the forward end of
the mainshaft 218 on splines 328 and carries
clutch teeth 330 which are engageable with the
clutch teeth 310 on the input drive gear 214
upon leftward movement of said clutch unit
256. Clutch unit 256 also carries clutch teeth
332 which are engageable with suitable internal
clutch teeth 334 in the mainshaft gear 242
upon rightward movement of the clutch unit
256. The remainder of the mainshaft clutch
units, 258, 260, and 262, operate in a similar
manner and will not be described in further
detail. Shift forks 336, 338, 340 and 342 are
utilized to.selectively move mainshaft clutch
units 256, 258, 260 and 262, respectively,
either to the right or to the left as is well
known in the art.

Each of the gears 242, 244, 246, 248, 250,
252, and 254 may be collectively termed
“mainshaft gears” since they are all capable of
drivingly engaging the mainshaft. However, it is
emphasized that they are all supported on and
by the countershaft gears (or reverse idler
gears) and that they merely surround and at
times engage the mainshaft but are not
supported on or by the mainshaft. Rather, the
mainshaft will be free to rotate slightly
eccentrically with respect to those of the main-
shaft gears with which it is not clutched at a
particular moment, as is well known in the
prior art.

Synchronizers and/or blocking rings can, if
desired, be provided between the interengage-
able teeth associated with the various clutch
units and the internal clutch teeth associated
with the various mainshaft gears.

Surrounding the mainshaft but not
supported thereby is an idler gear 270. Idler
gear 270 is rotationally coupled to mainshaft
gear 248, as by means of axially extending
sleeve 344 for rotation therewith. It is noted
that idler gear 270 is fixed for rotation with
mainshaft gear 248, idler gear 270 is driven
by countershaft gear 232 on the forward
countershaft portion 220 of countershaft
216. Idler gear 270 is in constant engagement
with countershaft gear 234 on rcarward
countershaft portion 222 of countershaft 216
and thus a substantial gear reduction between
forward countershaft portion 220 and the rear-
ward countershaft portion 222 of counter-
shaft 216 is achieved without the necessity of
increasing the centre distance 350 which is the
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the distance between the centreline of the
countershaft 216 and the mainshaft 218, It is
noted that countershaft gear 240 and main-
shaft gear 254 are not in direct meshing engage-
ment but rather each mesh with a reverse idler
(not shown) as is well known in the art.

It will be appreciated that each of the above
embodiments provides a simple transmission
which minimizes centre distances, i.e., the
distance between the mainshaft and the
countershaft axes, minimizes the axial length
of the countreshaft portions and/or provides a
greater range and/or number of available gear
ratios than has heretofor been available is pro-
vided.

Although this invention has been described
in its preferred forms with a certain degree of
particularity, it is understood that the present
disclosure of the preferred form has been
made only by way of example and that
numerous changes in the details of construc-
tion and combination and arrangement of
parts may be resorted to. In particular single
countershaft transmissions are envisaged.
WHAT WE CLAIM IS:—

1. A change-gear transmission comprising:

an input shaft having an input gear supported
thereon for rotation therewith;

a mainshaft;

at least one compound countershaft disposed
substantially parallel to the axis of rotation of
the mainshaft, the countershaft having a
plurality of countershaft gears supported thereby
for rotation therewith, one of the counter-
shaft gears being in constant meshing engage-
ment with the input gear to establish a driving
relation between the input shaft and the
countershaft, and the compound counter-
shaft comprising a first portion carrying the
countershaft gear constantly meshed with the
input gear and a second portion, a counter-
shaft gear on the said first portion and a
countershaft gear on the said second portion
each being constantly meshed with idler gear
means to establish a driving relation between
said first and second countershaft portions;

a plurality of mainshaft gears surrounding
the mainshaft for free rotation relative thereto,
each of the mainshaft gears being constantly
meshed with one of the countershaft gears;
and

means to selectively clutch the mainshaft
gears one at a time to the mainshaft to
establish a driving relation between the counter-
shaft and the mainshaft.

2. A change-gear transmission as claimed in
Claim 1 wherein the idler gear means comprises
an idler gear in constant mesh with the said
countershaft gear on the said first portion and
with the said countershaft gear on the said
second portion.

3. A change-gear transmission as claimed in
Claim 2 wherein the axis of rotation of the
idler gear is concentric with the axis of rotation
of the input shaft.

4. A change-gear transmission as claimed
in Claim 3 wherein the idler gear surrounds the
mainshaft and is fixed to one of the mainshaft
gears in constant mesh with a countershaft gear
carried by the first countershaft portion.

5. A change-gear transmission as claimed in
Claim 1 wherein the idler gear means comprises
an idler shaft having an axis of rotation sub-
stantially parallel to the countershaft, the idler
shaft carrying a first idler gear thereon in
constant meshing engagement with the said
gear on the first countershaft portion and a
second idler gear in constant meshing engage-
ment with the said countershaft gear on the
second countershaft portion.

6. A change-gear transmission as claimed in
any preceding claim wherein at least two sub-
stantially identical compound countershafts
are provided, each of the said countershafts
carrying a like plurality of countershaft gears
for rotation therewith, one substantially
identical countershaft gear on each counter-
shaft being in constant meshing engagement
with each mainshaft gear, each mainshaft gear
being supported on the countershaft gears in
meshing engagement therewith, the idler gear
means being provided for each countershaft.

7. A change-gear transmission as claimed in
any preceeding claim wherein rotation of the
input shaft will cause the first portion of the
compound countershaft(s) to have a greater
angular velocity than the second portion of
the compound countershaft(s).

8. A change-gear transmission as claimed in
Claims 5 and 7 or Claims 5, 6 and 7 wherein
the or each first idler gear is of a larger diameter
than the or each second idler gear.

9. A change-gear transmission as claimed in
any preceding claim wherein the mainshaft
comprises the output unit of the transmission.

10. A change-gear transmission as claimed
in any preceding claim wherein the or each
respective first and second countershaft por-
tions are substantially coaxial.

11. A change-gear transmission as claimed
in Claim 6 wherein one of the mainshaft gears
is in constant meshing engagement with and is
supported by at least two idler gears which are
in tum each in constant meshing engagement
with a countershaft gear carried by each second
countershaft portion.

12. A change-gear transmission substantially
as hereinbefore described with reference to
Figure 1, Figure 2 or Figures 3 and 4 of the
accompanying drawings.

STEVENS, HEWLETT & PERKINS
Chartered Patent Agents
5 Quality Court
Chancery Lane
London WC2
Tel. 01-405 8393
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