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(57) Abrege/Abstract:
A gearbox comprising: an input shaft (9) having first and second helical input gears (1, 2) of opposite hand fixed axially relative to
each other and axially moveable in tandem; an output shaft (10); first and second lay shafts (7, 8) offset from the axis of the input

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2740965 C 2016/08/30

anen 2 140 965
(13) C

(57) Abrege(suite)/Abstract(continued):

shaft (9, 10) and configured to engage with the input and output shafts (9, 10) for transmitting rotational movement from the input
shaft (9) to the output shaft (10), each lay shaft (7, 8) comprising an input gear (3, 4) such that the first lay shaft (/) engages with
the first input gear (1) but not the second input gear (2) and the second lay shaft (8) engages with the second input gear (2) but not
the first input gear (1),- and two or more output gears (26) rotatably mounted on, and selectively engageable with, the output shaft
(10), the output gears being in continuous mesh with corresponding output gears (5, 6) on the first and second lay shafts (7, 38),
whereln the gearbox is configured such that an imbalance in load sharing between the input shaft (9) and the first and second lay
shafts (7,8) when the output shaft (10) is engaged with the first and second lay shafts (7,8) results in axial movement of the first and
second input gears (1,2) tending to reduce the imbalance.




WO 2010/046621 A1 |[HIL 1! HED ROV 1A OO e

CA 02740965 2011-04-15

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
29 April 2010 (29.04.2010)

(10) International Publication Number

WO 2010/046621 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

(54) Title: GEARBOX WITH LOAD DISTRIBUTION SYSTEM

International Patent Classification:
F16H 1/22 (2006.01) F16H 3/095 (2006.01)

International Application Number:
PCT/GB2009/002446

International Filing Date:
14 October 2009 (14.10.2009)

Filing Language: English
Publication Language: English
Priority Data:

0819233 .8 20 October 2008 (20.10.2008) GB
0906907 .1 22 April 2009 (22.04.2009) GB

Applicant (for all designated States except US): SMART
MANUFACTURING TECHNOLOGY LTD.
|[GB/GB]; 14 Regent Street, Nottingham NG1 5BQ (GB).

Inventor; and

Inventor/Applicant (for US only): ZHOU, Changxiu
[CN/GB]; Smart Manufacturing Technology Ltd., 14 Re-
gent Street, Nottingham NG1 5BQ (GB).

Agent: CHARIG, Raymond;, POTTER CLARKSON,
LLP, Park View House, 58 The Ropewalk, Nottingham
NG1 5DD (GB).

!

(81) Designated States (unless otherwise indicated, for every

(84)

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME., MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

‘ H
22

28

21

29

530

Fig. 2

(57) Abstract: A gearbox comprising: an mput shaft (9) having first and second helical mput gears (1, 2) of opposite hand fixed
axially relative to each other and axially moveable in tandem; an output shaft (10); first and second lay shatts (7, 8) offset from the
axis of the mput shatt (9, 10) and configured to engage with the imnput and output shafts (9, 10) for transmitting rotational move-
ment from the mput shatt (9) to the output shatt (10), each lay shatt (7, 8) comprising an mput gear (3, 4) such that the first lay
shatt (7) engages with the first input gear (1) but not the second input gear (2) and the second lay shaft (8) engages with the sec-
ond 1nput gear (2) but not the first input gear (1 ),- and two or more output gears (26) rotatably mounted on, and selectively en-
gageable with, the output shatt (10), the output gears being in continuous mesh with corresponding output gears (5, 6) on the first
and second lay shafts (7, 8), wherein the gearbox 1s configured such that an imbalance in load sharing between the mput shatt (9)
and the first and second lay shaftts (7, 8) when the output shatt (10) 1s engaged with the first and second lay shatts (7,8) results in
axial movement of the first and second mput gears (1, 2) tending to reduce the imbalance.
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GEARBOX WITH LOAD DISTRIBUTION SYSTEM

Field of the Invention

The invention relates to gearboxes for converting the torque and speed of a source of

rotational power, such as an engine or other motor.

Background

Gearboxes are commonly used in motor vehicles to allow the engine to run within its
operating limits whilst allowing for variations in road speed. Pairs of gears in gearboxes
are typically designed with backlash to allow for mechanical tolerances between the gears

and thermal expansion of the gear teeth. If a small amount of backlash is not designed

for, the gearbox is at risk of seizing under certain conditions.

The arrangement of a particular type of known gearbox, for example as described in US
4.754 665, is illustrated schematically in figure 1. This type of gearbox takes input
rotational power from an input shaft 9 and transmits this to a pair of lay shafts 7 and 8
(also known as countershafts) via a head gear set 15. The lay shafts 7, 8 transmit power
to a series of gears 18, 19 on the main shaft 10 via either gear set 16 or 17. The gears
18. 19 on the main shaft 10 rotate freely and are clutched for selective engagement with
the main shaft by means of clutches 23 or 24. When a gear is clutched, power Is

transmitted to the main shaft for the particular gear ratio represented by the relevant pairs

of gears.

The arrangement illustrated in figure 1 has an inherent problem, which is that of ensuring
that torque is distributed evenly through each lay shaft, and not just through the one which
meshes first. Previous solutions to this problem, as for example disclosed In US
4,754,665, involve allowing the clutched gears to float and one end 25 of the main shaft to
move. Radial translation of the clutched gears 18, 19, i.e. in a direction perpendicular
(orthogonal) to the axis of its rotation represented by the axis of the main shaft 10, allows
for a more even meshing between the selected clutched gear 18, 19 and the

corresponding gears on the lay shafts 16, 17 in contact with the ciutched gear.

Replacing the clutches 23, 24 with synchronisers would make changing gear a simpler
procedure, as the rotational speeds of the gears do not need to be closely matched before

engagement. However, the nature of the floating relationship between the gears 18, 19

1
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on the main shaft would make such a modification difficult, due to the close tolerances
required for the synchronisers to engage correctly. Use of synchronisers would therefore

risk causing the gearbox to seize, due to the aforementioned probiem relating to

mechanical tolerances between gears.

It is consequently an aim of the invention to address the above mentioned problem.

Summary of the invention

In accordance with the invention there is provided a gearbox comprising:
an input shaft having first and second helical input gears of opposite hand fixed

axially relative to each other and axially moveable in tandem;

an output shaft;
first and second lay shafts offset from the axis of the input shaft and configured to

engage with the input and output shafts for transmitting rotational movement from the
input shaft to the output shaft, each lay shaft comprising an input gear such that the first

lay shaft engages with the first input gear but not the second input gear and the second

lay shaft engages with the second input gear but not the first input gear; and
two or more output gears rotatably mounted on, and selectively engageable with,

the output shaft, the output gears being in continuous mesh with corresponding output

gears on the first and second lay shafts,
wherein the gearbox is configured such that an imbalance in load sharing between

the input shaft and the first and second lay shafts when the output shaft is engaged with

the first and second lay shafts results in axial movement of the first and second Input

gears tending to reduce the imbalance.

An advantage of the above gearbox is that load sharing between the lay shafts is
automatically achieved when power is being transmitted through the gearbox, ana without
the need to use clutches on the output shaft. The gears on the lay shafts and output shatt

can be continuously meshed and any small misalignment due to machining tolerances

can be accommodated through movement of the first and second input gears.

The first and second helical input gears may be formed as a single unit or from separate

gears.

The second gear may optionally comprise two gears disposed along the input shaft on

opposing sides of the first gear.
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The gearbox is preferably configured to share load equally between the first and second
lay shafts, for example by means of the first and second helical input gears having
substantially equal and opposite helix gear angles. Other load sharing ratios may,

however, also be possible, for example by selection of unequal helix gear angles.

The output shaft of the gearbox is preferably co-axially mounted with respect to the input

shaft.

The gearbox optionally comprises a synchroniser mounted on the output shaft and
configured to selectively engage an output gear with corresponding gears on the lay

shafts for transmission of power via the selected output gear.

The first and second input gears are preferably mounted for axial movement with respect

to the input shaft, such that the first and second gears can move along the input shaft in

response to an imbalance in load sharing between the lay shafts.

The gearbox may further comprise third and fourth helical input gears of opposite hana
mounted on the input shaft, the third and fourth helical gears fixed axially relative to each

other and axially moveable in tandem,

wherein the input gears on the lay shafts are first lay shaft input gears and each
lay shaft comprises a second lay shaft input gear such that the first lay shaft is selectively
engageable with the third input gear but not the fourth input gear and the second lay shaft

is selectively engageable with the fourth input gear but not the third input gear.

Each lay shaft optionally comprises a synchronizer mounted thereon and configured to

synchronously selectively engage the lay shafts with the first and second input gears or

with the third and fourth input gears.

The invention ensures continuous meshing of all engaged gears in a different way to the
previously disclosed gearboxes, not least through eliminating the need for any out of axis
motion of the main shaft, or for the ciutched gears to float. The invention therefore aliows
for the straightforward use of synchronisers on the main shaft. Furthermore, the invention
ensures the lay shafts have the optimum division of load between them, which would
typically be a 50:50 ratio, although other ratios may be desired and designed for. The

assured load sharing thereby allows all the. gears on the lay shafts to be reduced In

3
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specification, and hence the size, weight of the gearbox to be reduced. Alternatively, a

gearbox of the same size in accordance with the invention can be rated at a higher power.

Detailed Description

The invention will now be described by way of example, and with reference to the
enclosed drawings in which:

figure 1 is a schematic cross-sectional diagram of a known gearbox arrangement;

figure 2 is a schematic cross-sectional diagram of a gearbox according to the
iInvention;

figure 3 is a schematic cross-sectional diagram of an alternative arrangement for

the input gears of a gearbox according to the invention; and

figure 4 is a schematic cross-sectional diagram of an alternative embodiment.

The gearbox illustrated in figure 1 has already been discussed above in relation to the

background to the invention.

Hlustrated in figure 2 is a gearbox comprising two helical gears 1, 2 of opposite hand, the
gears being mounted on an input shaft 9 for rotation by an input power source. These
input gears 1, 2 are free to move axially, but are constrained to move in tandem, both
axially and rotationally. The gears may be constrained by, for example, manufacturing the
pair of gears as a single unit, or by connecting the two gears together by bolts, screws,
welds, or other connecting means. A set distance between the two input gears 1, 2 can
be zero or greater. Where this distance is non-zero, the gap between the gears may be

maintained by a rigid or compressible material inserted between the gears, mounted for

example on the input shaft 9.

Meshing of helical gears tends to cause an opposing axial force, which will be roughly
proportional to the transmitted torque. The opposite hand of the input helical gears 1, 2
will therefore result in axial movement of the gears 1, 2 when the opposing axial forces
are not balanced. Axial movement of the gears will tend to produce a small rotation in the
pair of gears they mesh with. This rotation will tend to bring the under-loaded gear ftrain
into closer contact, and reduce contact on the ovgar-loaded gear train, thus balancing the
load between the lay shafts 7, 8 until the resultant opposing axial forces are in balance.
For an equal load on the lay shafts 7, 8, an equal helix angle on the input gears 1, 2 wouid

be selected. For a design of gearbox requiring an unequal load on the lay shafts, the
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input helix gears 1, 2 would have differing helix angles so as {o produce the designed-ior

load distribution.

The input shaft 9 has the two helical input gears 1, 2 of opposite hand mounted thereon,
which are consirained to rolate with the shaft 9, bul allowed o move along part of the
length of the input shaft 9. This could be achieved by the use of a spline to ensure the
easy movement of the gears along the length of their travel. Gears 3, 4, 5, 6 on the lay
shafts 7, 8 are mounted normally on the lay shafts 7, 8. Axial movement of the lay shaft
gears 3, 4, 5, 6 is prevented, and the gears are constrained to rotate with the shaft on
which they are mounted, so as to transmit power from input gear 3 to output gear S on the
first lay shaft 7, and from input gear 4 to output gear 6 on the second lay shaft 8. Output
gear 26 is mounted on bearings on the main shaft 10, and can be synchronised by means
of a synchroniser 219 to transmit power to the main shaft 10. In the embodiment
illustrated in figure 2, the main shaft 10 is axially consirained at each end, with ils
movement constrained by means of a bearing 218 mounted at one end of the shaft 10.
During synchronisation, if lay shaft gear 6 comes into gear tooth contact with output gear
26 first, all power will inttially be transmitted through the left lay shaft 8. If the input shaft 9
is rotating in the direction indicated by arrow 27, the lay shaits 7, 8 will be caused {o rotate
in the directions indicated by arrows 28, 29, and the main shaft in the direction indicated
by arrow 30. As all the power is momentarily transmitted throdgh the left fay shaft 8, there
is a reactionary force on gear 2, pushing the input gears 1, 2 upwards along the input
shaft 9 in the direction indicated by arrow 20. This upwards movement causes both lay
shaft gears 3, 4 to rotate slightly reiative to their original position. This slight rotation,
indicated by arrows 21, 22, is carried down the respective lay shafts 7, 8. The direction of
rotation 21 will take the teeth of lay shaft gear S closer to the teeth of autput gear 26, and
rotation 22 will take teeth of lay shaft gear 6 teeth out of immediate contact with teeth of
the output gear 26. As a result, through axial movement of the input gears 1, 2, and
subsequent rotations of the lay shafts 7, 8, contact between gears 5, 6 and 26 will tend to

be equalised, causing the distribution of load through gear trains to vary.

A gearbox in accordance with the embodiment shown in figure 2 will typically have two or
more sets of output gears and corresponding lay shaft gears, to allow selection of a range
of gearing ratios between the input and output shafts 8, 10. One or more synchronisers

219 may be provided, so as to allow selection of one of the gearing ratios. A synchroniser

may be provided for each set of output gears. Alternatively, one or more two-way
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synchronisers may be provided that are configured to select between two adjacent output
gear sets.

Figure 3 shows an alternative embodiment of the invention in which one of the input gears
s divided inlo two, resulting in input gears 11, 12 of opposite hand to input gear 2. Input
gear 2 is preferably double the width of gears 11, 12, This arrangement of input gears will

tend to balance out any uneven bending moment on the lay shafts 7, 8 that would
otherwise be present in the embodiment shown in figure 2.

Figure 4 illustrates a further embodiment, in which third and fourth input\gears 1D, 2b are
provided on the Input shaft 9, in addition to first and second input gears 1a, 2a described
above. This configuration allows an additional range selection by selection of which set of
input gears is engaged with the lay shafts 7, 8. Selection is preferably achieved by means
of one or more synchronisers 31 provided on eéqh lay shaft 7, 8. The synchronisers 31,
which are configured to operate simultaneously, may be "two-way’ synchronisers, in that a
selection can be made between the first input gears Sa.‘4a on the lay shafts 7, 8 and the
second Input gears 3b, 4b on the'lay shafts 7, B, The principles of operation of the
embodiment of figure 4 are otherwise the same as for the other embodiments described
above. In particular, the third and fourth input gears 1b, 2b are also of opposile hand and
are mounted on the input shaft to allow for axial movement in tandem. The third and
fourth Input gears 1b, 2b are moveable independent of the flrst and second input gears

ta, 23, so that load sharing between the lay shafts is enabled on selection of either pair of
gears.

An alternative embodiment to that shown In figure 4 can comprise a synchroniser
mounted on the input shaft 9 and configured to simultaneously selectively engage the

input shaft 9 with the lay shafls 7, 8 via either the first and second input gears 1a, 2a or
via the third and fourth gears 1b, 2b. |

Figure 4 also illustrates an exemplary output stage of the gearbox, in which two output
gears 26a, 26b are shown, the output gears being selectable by means of a further

~ synchroniser 419 configured to selectively engage either the first or the second output

gear 28a, 26b with corresponding output gears 5a, 5b, 6a, 6b on the lay shafts 7, 8. This
arrangement would also be sultable for the embodiment shown in figure 2. Further output

gears may also be used, depending on the number of selectable gearing ratios required.
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A gearbox according to the above described embodiments would aliow four gearing ratios

to be selected, depending on the selection of the input gears and output gears.

Other embodiments are intentionally within the scope of the invention as defined by the

appended claims.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A gearbox comprising:

an input shaft (9) having first (11, 12; 1a, 1b) and second helical input gears (2; 2a,
2b) of opposite hand fixed axially relative 1o each other and axially moveable In tandem;

an output shaft (10);

first and second lay shafts (7, 8) offset from the axis of the input shaft (9) and
configured to engage with the input and output shafts (9, 10) for transmitting rotational
movement from the input shaft (9) to the output shaft (10), each lay shatft (7, 8) comprising
a lay shaft input gear (3a, 4a) such that the first lay shaft (7) engages with the first helical
input gear (11, 12; 1a, 1b) but not the second helical input gear (2; 2a, 2b) and the second
lay shaft (8) engages with the second helical input gear (2; 2a, 2b) but not the first helical
input gear (11, 12; 1a, 1b); and

two or more output gears (26a, 26b) rotatably mounted on the output shaft (10),
the output gears (26a, 26b) being in continuous mesh with corresponding lay shaft output
gears (5a, 6a, bb, 6b) on the first and second lay shaits (7, 8),

wherein the gearbox is configured such that an imbalance in load sharing between
the input shaft (9) and the first and second lay shatfts (7, 8) when the output shaft (10) is
engaged with the first and second lay shafts (7, 8) results in axial movement of the first
(11, 12; 1a, 1b) and second input gears (2; 2a, 2b) tending to reduce the imbalance,

wherein:

axial movement of the lay shaft input and output gears (3a, 4a, 5a, 6a, 5b, 6b) is
prevented; and

the two or more output gears (26a, 26b) are selectively engageable with the
output shaft and respective lay shaft output gears (5a, 6a; 5b, 6b) on corresponding lay

shafts (7, 8) to allow selection of a range of gearing ratios between the input and output
shafts (9, 10).

2. The gearbox of claim 1 wherein the first and second helical input gears (1a, 2a)

are formed as a singie unit.

3. The gearbox of claim 1 wherein the first (11, 12; 1a, 1b) and second helical input
gears (2; 2a, 2b) are formed from separate gears.
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4. The gearbox of claim 1 wherein the first helical input gear comprises two gears

(11, 12) disposed along the input shaft (9) on opposing sides of the second helical input
gear (2).

2. The gearbox of claim 1 wherein the gearbox is configured to share load equally
between the first and second lay shafts (7, 8).

6. The gearbox of claim 5 wherein the first and second helical input gears (1a, 2a)

have equal and opposite helix gear angles.

7. The gearbox of claim 1 wherein the output shaft (10) is co-axially mounted with
respect to the input shaft (9).

8. The gearbox of claim 1 comprising a synchroniser (219; 419) mounted on the
output shaft (10) and configured to selectively engage one of the two or more output gears

(26a, 26b) with corresponding lay shaft output gears (5a, 6a; 5b, 6b) for transmission of
power via the selected one of the two or more output gears (26a, 26b).

9. The gearbox of any one of claims 1 to 8 wherein the first and second helical input

gears (1a, 2a) are mounted for axial movement with respect to the input shaft (9).

10. The gearbox of any one of claims 1 to 9, comprising third and fourth helical input
gears (1b, 2b) of opposite hand mounted on the input shaft (9), the third and fourth helical
gears (1b, 2b) tixed axially relative to each other and axially moveable in tandem,

wherein the input gears on the lay shafts (7, 8) are first lay shaft input gears (3a,
4a) and each lay shaft comprises a second lay shaft input gear (3b, 4b) such that the first
lay shaft (7) is selectively engageable with the third input gear (1b) but not the fourth input

gear (2b) and the second lay shaft (8) is selectively engageable with the fourth input gear
(4b) but not the third input gear (3b).

11. The gearbox of claim 10 wherein each lay shaft (7, 8) comprises a synchronizer
(31) mounted thereon and configured to simultaneously selectively engage the lay shafts

(7, 8) with the first and second helical input gears (1a, 2a) or with the third and fourth
helical input gears (1b, 2b).
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12. The gearbox of claim 10 wherein the input shaft (9) comprises a synchronizer
mounted thereon and configured to simultaneously selectively engage the input shaft (9)
with the first and second helical input gears (1a, 2a) or with the third and fourth helical

input gears (1b, 2b).

10
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