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ABSTRACT

A drive unit disconnect mechanism is operable to transmit or disconnect power from a
vehicle power source to a driven unit, and can be disengaged by multiple methods depending
on how much force is required to separate the internal components of the mechanism. In a
first, relatively quicker method, a handle is pulled axially away from the hub to withdraw and
internal gear from splined engagement with a corresponding driven gear. In a second,
relatively slower method, the handle is rotated to threadably withdraw the entire disconnect
mechanism from the hub, which in turn withdraws the internal gear from splined engagement
with the driven gear. The quicker method is desirable in most instances, but the slower
method allows disconnection of the driven unit from the vehicle power source when gear

pressure prevents or impedes the quicker method.
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QUICK DISCONNECT FOR A DRIVE UNIT

10001}

BACKGROUND

| Technical Ficld.

[0002] The present disclosure relates to vehicle power transmission units, and, more
particularly, to disconnect devices for selectively disengaging the vehicle transmission unit

from driven vehicle wheels.

2. Description of the Related Art.

[0003]  Large industrial machinery, such as earth moving equipment and other construction
vehicles, may use individual power transmission units mounted at the hub of each driven
wheel to accomplish sufficient gear reduction for the heavy loads, large wheels, and low
speeds frequently employed by such vehicles. These individual power transmission units are
somcetimes referred to as "wheel drives" and may house a transmission connectable to a
power source mounted exterior of the wheel drive. For example, a wheel drive unit may
operate to link a power source output shaft to a driven unit (such as a wheel), such that the
driven unit is selectively drivingly engaged with the primary vehicle transmission.

[0004] In some configurations, a wheel drive unit may be configured to accommodate
axial displacement of a coupling shaft or sleeve, which selectively disengages the driven unit
from the powered transmission output shaft, which in turn disengages the wheel from the
primary vehicle power source and allows the vehicle to "free wheel". Generally speaking,
these selectively engageable drive units utilize axially moveable structures contained within
the hub of the drive unit, with the structures manually accessible from the outside of the
vehicle for engagement or disengagement. When an operator wishes to disengage or engage
an individual wheel from the vehicle's primary power source via a drive unit, the operator
manipulates the axially engageable structure to toggle an internal gearing mechanism
between engaged and disengaged configurations.

[0005]  One known disconnect system which operates to disconnect a driven shaft from

l
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individual wheels is disclosed in U.S. Patent No. 5,597,058 to Ewer. The '058 patent

discloses a hub lock for a vehicle, moveable between a manually engaged position and a
disengaged position. For manual engagement and disengagement, a dial is turned to cause a
nut to move inwardly or outwardly on threads formed on the dial. In the engaged position, the
nut is moved outwardly to compress a first spring, which urges a clutch ring into engagement
with a drive gear and thereby interlocks the drive axle with the hub lock housing. When the
nut is moved inwardly, a second spring is compressed on the opposite side of the clutch ring
to urge the clutch ring out of engagement with the drive gear.

[0006] Integrated drive units are similar to regular wheel drive units, but further include an
integrated power input device, such as a hydraulic motor. For example, a hydraulic motor
may be linked to the integrated drive unit via an output shaft (driven by the motor) coupled to
an input shaft selectively engaged with the wheel-driving output of the drive unit. Like a
non-integrated wheel drive unit, integrated drive units may be configured to accommodate
axial displacement of a coupling shaft to allow the input shaft to be disengaged from the
wheel so that the wheel can rotate independently of the vehicle's primary transmission, 1.e.,
"free wheel".

[0007] One example of a disconnect mechanism used with an integrated drive unit 1s
disclosed in U.S. Patent No. 4,588,322 to Shoemaker et al. The 322 patent discloses a
disconnect mechanism with a disconnect shaft that moves into and out of driving engagement
with a coupling sleeve. A spring resiliently urges the disconnect shaft toward an engaged
position, forming a splined engagement between the shaft and the sleeve. This splined
engagement transfers driving force from a hydraulic motor to the disconnect shaft via the

sleeve, the disconnect shaft drives a spindle, and the spindle drives a wheel hub. To

disengage the disconnect shaft from the sleeve, a handle is pulled directly outwardly from a
slot formed in the spindle, and the handlc is then rotated out of alignment with the slot to
maintain the disengaged position of the disconnect shaft against the bias of the compressed
spring. When so disengaged, the spindle and disconnect shaft rotate freely without resistance
from the motor. Pulling the handle is the only disclosed method of disengaging the
disconnect shaft from the coupling sleeve; no alternative methods of disengagement are
shown or described.

[0008] Another disconnect system for use with an integrated drive unit is disclosed in U.S.
Patent No. 5,261,801 to Stone. The '801 patent discloses an engagement/disengagement
mechanism in which a handle is actuated to disengage a hydraulic motor from a driven
mechanism. A block or clip is inserted between the handle and the housing of the driven

2
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mechanism to maintain disengagement. To reengage the hydraulic motor with the driven
mechanism, the block is removed and the handle is pushed and rotated until splines connected
to the handle line up with coacting splines on the driven mechanism. A spring may be
provided to urge the splines into engagement.

[0009] Disconnect mechanisms for wheel-mounted drive units are particularly useful for
certain applications, such as towing of industrial machinery. When such machinery is in use
under its own power, a drive unit serves to couple each wheel to the wheel's individual motor
(in the case of integrated drive units) or to the primary vehicle power source (in the case of
non-integrated drive units). However, when the machinery is not in use, it may be desirable
to tow the machinery to another location. To avoid towing against the resistance of the
motor(s) or vehicle transmission, a disconnect mechanism may be used to disengage each
wheel from its respective drive unit so that the wheels can "freewheel" during the towing
procedure.

[0010] As discussed above with respect to '058, '322 and '801 patents, substantial design
eftorts have focused on providing hub-based connection/disconnection mechanisms. These
known disconnect mechanisms purport to provide convenience to the user, but do so at a cost
in terms of flexibility and robustness.

[0011] For example, industrial machinery utilizing drive units may be subjected to
frequent engagement and disengagement in harsh and unpredictable service environments,
such as 1n off-road in varied terrain, in heavy-duty applications, and/or in inclement weather
conditions. On hilly terrain, a vehicle may be parked on a grade and oriented up or down the
slope. When so parked, the vehicle will typically be left in gear so that the transmission
resists potential rolling of the vehicle up or down the slope. However, this resistance places
the transmission components under pressure, including the components of a quick-disconnect
mechanism.

[0012] Spring pressure may be insufficient to overcome the substantial frictional forces

that arise between components of a wheel drive when under pressure, effectively rendering a
mechanism that relies on such disengagement mechanisms unable to effect the desired
disconnection of the wheel drive. Similarly, disengaging a disconnect mechanism by a
user-exerted pull-out force may also be difficult or impossible when the mechanism is under
pressure, particularly where the user himself may be subject to adverse conditions (i.e., rain,
mud, cold, etc).

[0013] Therefore, what is needed is a hub based engagement/disengagement drive unit

mechanism that is robust, intuitive, manipulable without any special tools, and easy to
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operate under a wide variety of operating conditions, while also being actuatable when the

associated wheel drive is under pressure.

SUMMARY

[0014] The present disclosure provides a drive unit disconnect mechanism operable to

transmit or disconnect power from a vehicle power source to a driven unit, in which the
mechanism can be disengaged by multiple methods depending on how much force is required
to separate the internal components of the mechanism. In a first, relatively quicker method, a
handle is pulled axially away from the hub to withdraw and internal gear from splined
engagement with a corresponding driven gear. In a second, relatively slower method, the
handle is rotated to threadably withdraw the entire disconnect mechanism from the hub,
which in turn withdraws the internal gear from splined engagement with the driven gear. The
quicker method is desirable in most instances, but the slower method allows disconnection of
the driven unit from the vehicle power source when gear pressure prevents or impedes the
quicker method.

[001S] The mechanism includes an outer shaft threadably engaged to a hub of a drive unit
and an inner shaft axially moveable within the outer shaft. Optionally, the inner shaft may be
spring biased toward an engaged position. To effect quick disengagement, a handle coupled
to the inner shaft is pulled outwardly, axially displacing the inner shaft and rapidly
withdrawing a coupling gear from engagement with a driven gear. The handle may then be
rotated to lock the disconnect mechanism in this disengaged configuration.

[0016] In addition to axial displacement of the handle and inner disconnect shaft to quickly
cngage or disengage the disconnect mechanism, the handle may be used to rotate the outer
shaft to at least partially threadably disengage the outer shaft from the hub, which in turn
places the disconnect mechanism in a "screw-disengaged" configuration. As the outer shait
1s threadably withdrawn from the hub, the inner shaft and coupling gear are axially displaced
together with the outer shaft. As these components move axially outward along the thread
axis, the coupling gear is slowly withdrawn from engagement with the driven gear.
Advantageously, this threaded disengagement may be effected even when the drive unit and
disconnect unit are under pressure, such as when the associated vehicle is parked on a hill. If
such pressure prevents the coupling gear from being "quick-disconnected” by axially
displacing the handle and inner shaft, the handle can instead be rotated to affect the slower
"screw-disengagement” of the mechanism.

[0017]  In one form thereof, the present invention provides a disconnect mechanism having

4

BDDBO1 6626777v3



CA 02738435 2011-04-29

f

an engaged configuration and a disengaged configuration, the mechanism comprising: a hub
attachable to a driven unit, the hub having an inward side and an opposing, user-accessible
outward side, the hub having a threaded bore extending from the inward side to the outward
side; an outer shaft having a bore extending axially therethrough, the outer shaft defining a
threaded engagement with the bore of the hub to axially move the outer shaft between an
outer-shaft seated position in which the outer shaft is relatively inwardly disposed with
respect to the hub, and an outer-shaft withdrawn position in which the outer shaft is relatively
outwardly disposed with respect to the hub; an inner shaft received within the outer shaft, the
inner shaft axially movable with respect to the outer shaft between an inner-shaft seated
position in which the inner shaft is relatively inwardly disposed with respect to the outer shaft,
and an inner-shaft withdrawn position in which the inner shaft is relatively outwardly
disposed with respect to the outer shaft; and a coupling gear axially fixed to the inner shaft,
the coupling gear defining: an engaged position corresponding to the engaged configuration
of the disconnect mechanism, the coupling gear in the engaged position when the outer shaft
1s in the outer-shaft seated position and the inner shaft is in the inner-shaft seated position.
and a disengaged position corresponding to the disengaged configuration of the disconnect
mechanism, the coupling gear in the disengaged position when the outer shaft is in the
outer-shaft withdrawn position or the inner shaft is in the inner-shaft withdrawn position.
[0018] In another form thereof, the present invention provides a disconnect mechanism for
selectively disconnecting a hub from a power source, the mechanism comprising: a hub
attachable to a driven unit, the hub having an inward side and an opposing, user-accessible
outward side, the hub having a threaded bore extending from the inward side to the outward
side; a coupling gear axially movable with respect to the hub between an engaged position in
which the coupling gear extends relatively further outwardly and a disengaged position in
which the coupling gear extends relatively further inwardly; means for axially toggling the
coupling gear between the engaged position and the disengaged position by direct axial
displacement, wherein the coupling gear is axially displaced with no mechanical advantage;
and means for threadably toggling the coupling gear between the engaged position and the
disengaged position by threaded rotational displacement, wherein the coupling gear is axially

displaced with a mechanical advantage.

[0019] In yet another form thereof, the present invention provides a method of disengaging
a driven unit from a vehicle power source, the method comprising: receiving a hub; receiving a
driven gear; receiving a disconnect mechanism operable to selectively engage the hub with the

driven gear via a coupling gear, the disconnect mechanism defining: an engaged configuration

d
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in which the hub is operably engaged with the driven gear; a handle-disengaged configuration
in which the hub is disengaged from the driven gear by direct axial displacement of the
coupling gear; and a screw-disengaged configuration in which the hub is disengaged trom the
driven gear by threaded disengagement of the disconnect mechanism from the hub; and with
the disconnect mechanism in the engaged configuration, assessing whether the coupling gear
and driven gear are under sufficient pressure to prevent disengagement of the hub from the

driven gear by placing the disconnect mechanism into the handle-disengaged configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above-mentioned and other features and advantages of the present disclosure,
and the manner of attaining them, will become more apparent and the invention itselt will be
better understood by reference to the following description of an embodiment of the

invention taken in conjunction with the accompanying drawings, wherein:

[0021] Fig. 1A is a perspective view of a drive unit disconnect mechanism connected to a

drive unit assembly, with the disconnect mechanism shown in an engaged position;

[0022] Fig. 1B is a perspective, section view of the disconnect mechanism and drive unit of
Fig. 1A;

[0023] Fig. 1C is an elevation, section view of the disconnect mechanism and drive unit of
Fig. 1A;

[0024] Fig. 2A is a perspective view of the disconnect mechanism and drive unit of Fig. 1A,
with the disconnect mechanism shown in a "handle-disengaged" configuration;

[0025] Fig. 2B is a perspective, section view of the disconnect mechanism and drive unit of
Fig. 2A;

[0026] Fig. 2C is an elevation, section view of the disconnect mechanism and drive unit of
Fig. 2A;

[0027] Fig. 3A is a perspective view of the disconnect mechanism and drive unit of Fig. 1A,
with the disconnect mechanism shown in a "screw-disengaged” configuration;

[0028] Fig. 3B is a perspective, section view of the disconnect mechanism and drive unit of
Fig. 3A;

[0029] Fig. 3C is an elevation, section view of the disconnect mechanism and drive unit of
Fig. 3A;

[0030] Fig. 4 is an elevation, section, partially-exploded view of the disconnect

mechanism and drive unit of Fig. 1A;
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[0031] Fig. 5 is an elevation, section view of the disconnect mechanism and drive unit of
Fig. 1A, with the disconnect mechanism shown removed from the drive unit;

[0032] Fig. 6A is a schematic illustration of a method of disengaging a gear by directly
axially displacing the gear; and

[0033] Fig. 6B is a schematic illustration of a method of disengaging a gear by rotating a
shaft, such that which threaded interaction between the shaft and a surrounding structure
causes axial displacement of the gear.

[0034] Corresponding reference charactefs indicate corresponding parts throughout the
several views. The exemplification set out herein illustrates an exemplary embodiment of the
invention, and such exemplification is not to be construed as limiting the scope of the

invention In any manner.

DETAILED DESCRIPTION

[0035] The present disclosure provides a drive unit disconnect mechanism 10 contigurable
between an engaged position (Figs. 1A-1C), a "handle-disengaged" position (¥Fig. 2A-2C),
and a "screw-disengaged" position (Figs. 3A-3C). In the engaged configuration, coupling
gear 12 of mechanism 10 rotationally fixes output hub 14 to planetary gear transmission
assembly 101 of drive unit 100 (Figs. 1B and 1C, described in detail below).

[0036] In the handle-disengaged position, handle 16 is used to draw inner disconnect shaft
18 out of outer disconnect shaft 20, so that coupling gear 12 is drawn into output hub 14 and
fully disengages from planetary transmission assembly 101 of drive unit 100 (Figs. 2B and
2C). As best shown in Fig. 2A, visual indication of the handle-disengaged configuration is
provided by inner disconnect shaft 18 protruding from outer disconnect shaft 20 and handle
16 being out of alignment with slots 56 formed in outer shatt 20.

[0037] In the screw-disengaged configuration, outer disconnect shaft 20 is at least partially
threadably disengaged from output hub 14, with inner disconnect shaft 18 and handle 16
axially displacing together with outer disconnect shaft 20. When outer disconnect shaft 20 is
sufficiently axially displaced, coupling gear 12 disengages from planctary transmission
assembly 101 of drive unit 100 in a similar manner as in the handle-disengaged configuration
described above.

[0038] As schematically illustrated in Fig. 6A, disconnect mechanism 10 may be quickly
and easily reconfigured from the engaged configuration to the handle-disengaged
configuration by simply pulling and subsequently rotating handle 16, provided the operator

can exert the required force F; to overcome any friction between coupling gear 12 and the
7

BDDBOI 6626777v3



CA 02738435 2011-04-29

mating structures (described below) of planetary transmission assembly 101. On the other
hand, when coupling gear 12 is under a high-pressure engagement with such mating
structures of planetary transmission assembly 101, force F; may not be sufficient to
overcome the resulting high friction applied to coupling gear 12. Advantageously, as
schematically illustrated in Fig. 6B and described in detail below, the mechanical advantage
afforded by the screw-disengagement method allows coupling gear 12 to be disengaged using
force Fy', which has about the same magnitude as force F; but exerts a much larger
disengaging force F, on coupling gear 12.

[0039] Also advantageously, as clearly shown in Figs. 1A, 2A and 3A, disconnect
mechanism 10 provides clear visual indication of its various configurations. Thus, a brief
visual inspection of disconnect mechanism 10 is sufficient to determine whether output hub
14 (and any wheel connected thereto) is operably connected to drive unit 100 (in the engaged
configuration) or will "freewheel" with respect to drive unit 100 (in either the

screw-disengaged or handle-disengaged configurations).

l. Disconnect Mechanism Construction and Assembly

[0040] Asbest seen in Figs. 4 and 5, drive unit disconnect mechanism 10 includes coupling
gear 12, output hub 14, handle 16, inner disconnect shaft 18, outer disconnect shaft 20, spring
22 and various o-rings and retaining rings used in assembly of mechanism 10 (as described
below). Coupling gear 12 is axially received at gear end 24 of inner shaft 18, with inner
shoulder 26 of coupling gear 12 abutting outer shoulder 28 of inner shaft 18. Coupling gear
retaining ring 30 is then fixed to inner shaft 18 (Fig. 4), such that coupling gear 12 is captured
between shoulder 28 and retaining ring 30 and thereby axially fixed to gear end 24 of inner

shaft 18. Spring 22 is received upon inner shaft 18 and seated against inner shoulder 26 ot
coupling gear 12. Inner shaft 18 is then placed into bore 32 of outer disconnect shaft 20 (Fig.
5), such that the other end of spring 22 contacts end surface 34 of outer shaft 20. With spring
22 captured between shoulder 26 of coupling gear 12 and end surface 34 of outer shaft 20,
any further axial movement of inner shaft 18 into bore 32 of outer shaft 20 compresses spring
22 and biases coupling gear 12 away from outer shaft 20, as discussed in detail below.
[0041] Outer shaft 20 is installed to hub 14 either before or after inner shaft 18 is received
within bore 32 of outer shaft 20. Outer shaft 20 includes threaded portion 58, which engages
inner threads 60 formed in bore 48 of hub 14. When outer shaft 20 is fully seated and
threadably engaged within bore 48, stepped portion 53 is fully received in a correspondingly
large-diameter portion of bore 48 and shoulder 50 of outer shaft 20 seats against the

3
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corresponding shoulder 51 in output hub 14 (Figs. 4 and 5). As described in detail below,
interaction between shoulders 50, 51 limits further inward axial movement of outer shaft 20
with respect to hub 14, but allows outer shaft 20 to be freely threadably disengaged from the
user-accessible side of hub 14.

[0042] With outer shaft 20 coupled to hub 14 and inner shaft 18 fully received within bore
32 of outer shaft 20, handle 16 is passed through transverse bore 36 formed in handle end 38
of inner shaft 18. Outer shaft 20 includes slot 56, which is most clearly shown in Fig. 5 as
part of a secondary elevation view of outer shaft 20 appearing beneath the primary elevation
view thereof. As illustrated in Fig. 5, the second elevation view is rotated 90 degrees about
the axis of outer shaft 20. Handle 16 is received in slot 56 upon assembly, and can be toggled
between a fully seated position (Figs. 1A-1C) and a withdrawn position (Figs. 2A-2C). In an
exemplary embodiment, spring 22 is slightly compressed when handle 16 is fully seated at
the bottom of slot 56, thereby maintaining a spring bias against coupling gear 12. Handle 16
and coupling gear 12 cooperate to define the limits of axial travel of inner shaft 18 with
respect to outer shaft 20, as described in detail below.

[0043] O-ring 40 may be installed within groove 42 formed in bore 32 of outer shaft 20 to
provide a seal between bore 32 and the external environment. Similarly, o-ring 44 may be
installed into groove 46 (Fig. 5) formed in bore 48 of output hub 14 prior to outer disconnect
shaft 20 being received therein, thereby sealing bore 48 from the external environment.
[0044] Referring to Fig. 4, outer splines 52 formed on coupling gear 12 engage inner
splines 54 formed in a portion of bore 48 of output hub 14 when shafts 18, 20 are assembled
to hub 14. Splines 52, 54 enmesh to rotationally fix coupling gear 12 to output hub 14. As
described in detail below, the axial translation of coupling gear 12 into and out of bore 48 of
output hub 14 operates to engage and disengage output hub 14 from the planctary
transmission assembly 101 contained within drive unit 100.

[0045] With drive unit disconnect mechanism 10 assembled, mechanism 10 may be mated
to a drive unit, such as drive unit 100. Although drive unit 100 is an exemplary drive unit
adapted for use with disconnect mechanism 10, it is contemplated that disconnect mechanism
10 may be mated to any number of different drive units or other power transmission units
within the scope of the present disclosure.

[0046] In an exemplary embodiment, disconnect mechanism 10 is coupled to a
wheel-mounted transmission, such as planetary transmission assembly 101, via drive unit
100. Drive unit 100 is in turn connected to a single, central power source which supplies the
motive force for multiple wheels of a vehicle. Planetary transmission assembly 101 amplifies

9
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the torque available to the adjacent driven wheel, but also amplifies any residual torque
applied to the internal gears of transmission assembly 101 and disconnect mechanism 10
when the vehicle is parked. As described below, disconnect mechanism 10 is particularly
well-suited to wheel-mounted, high-reduction transmission applications because the
screw-disengagement method of disengagement accommodates substantial residual torque.
[0047] As best seen in Fig. 4, drive unit 100 includes drive unit hub 102 including flange
104. Flange 104 may be used to mount drive unit 100 to another structure, i.e., a vehicle
frame, using mounting bolts 105. Planetary transmission assembly 101 is bolted to drive umt
hub 102 via ring gear 106, which includes internal ring gear splines 107 adapted to engage
planet gears 110, 112 (as described below). Also attached to ring gear 106, and mounted
generally opposite drive unit hub 102, is cover 108. For purposes of the present disclosure,
cover 108 is considered to be at an "input side" of drive unit 100, in that a powered input shaft
(not shown) enters through cover 108 from a primary vehicle power source and/or primary
vehicle transmission. Conversely, output hub 14 is considered to be mounted at an "output
side" of drive unit 100, in that power output is provided to a driven unit, 1.€., a vehicle wheel,
via disconnect mechanism 10 mounted within hub 102,

(0048] Contained within (and including) stationary ring gear 106 is a planetary
transmission assembly 101. Referring still to Fig. 4, planetary transmission assembly 101
includes stationary ring gear 106, a plurality of output planet gears 110 coupled to output
planet gear carrier 114, a plurality of input planet gears 112 coupled to input planet gear
carrier 116, output sun gear 118 and powered input sun gear 120. Input sun gear 120 1s
rotated by a powered input shaft (not shown) which may be powered, for example, by a
vehicle engine via a primary vehicle transmission. Input planet gears 112, which are in
splined engagement with both input sun gear 120 and stationary splines 107 of ring gear 106,
are in turn rotated about the axis of input sun gear 120, and also about the axes of respective
input-side coupling shafts 122. Input planet gear carrier 116, which is also rotatably coupled
to each of shafts 122, rotates about the axis of input sun gear 120 together with input planet
gears 112. Input planet gear carrier 116 is fixedly coupled with output sun gear 118, which
therefore rotates at the same rotational speed as input planet gear carrier 116.

[0049] In similar fashion to input sun gear 120 and input planet gears 112, the rotation of
output sun gear |18 drives rotation of output planet gears 110 (which are in splined
engagement with sun gear 118 and splines 107 of ring gear 106) about an axis of output sun

gear 118 and about respective axes of output-side coupling shafts 124. Output planet gear

carrier 114, which is coupled to output-side coupling shafts 124, rotates about the axis of

10
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output sun gear 118 together with output planet gears 110. Owing to the various gear
reductions created by planetary transmission assembly, output planet gear carrier 114 rotates
much more slowly than input sun gear 120 (and the motor shaft which drives input sun gear
120).

[0050] Drive unit hub 102 includes bore 128 sized to receive disconnect mechanism 10.
More particularly, bearings 130 disposed in bore 128 have inside diameters sized to
correspond with respective outside diameters of output hub 14. Thus, when output hub 14 is
received within bore 128 (as shown in Figs. 1C, 2C and 3C), bearings 130 allow disconnect
mechanism 10 to rotate freely with respect to hub 102. Output hub retaining ring 132 retains
output hub 14 (and, concomitantly, disconnect mechanism 10) within bore 128 of hub 102.
Bulb seal 134 may be provided to seal bore 128 from the outside environment.

[0051] With disconnect mechanism 10 assembled and coupled to drive unit 100, drive unit
100 may be installed to a vehicle frame, for example, with a driven input shaft connected to
drive unit 100 via input sun gear 120, and a driven unit such as a vehicle wheel connected to
output hub 14 via wheel bolts 136. As described in detail below, output planet gear carrier
114 serves as the "engagement point” for operably coupling disconnect mechanism 10 with
the input shaft (not shown) via drive unit 100. More particularly, output planet gear carrier
114 includes inner splines 126 adapted to mate with outer splines 52 of coupling gear 12, such
that output planet gear carrier 114 selectively drives output hub 14 (and any wheel or other
driven unit attached thereto) depending on whether disconnect mechanism 10 is in an
engaged or disengaged configuration.

[0052] While the planetary transmission assembly 101 shown and described herein is used
for the illustrative embodiment of the present disclosure, it is also within the scope of the
present disclosure to use any gear, power transmission unit or transmission assembly in
conjunction with a disconnect mechanism made in accordance with the present disclosure.
For example, any power transmission unit adapted to mate with coupling gear 12 may be used

with disconnect mechanism 10. Another exemplary drive unit is disclosed in U.S. Patent No.
6,607,049, entitled QUICK DISCONNECT FOR AN INTEGRATED DRIVE UNIT, filed

March 6, 2001.

2. Disconnect Mechanism Function

[0053] Referring now to Figs. 1A-1C, drive unit disconnect mechanism 10 1s shown in an

engaged configuration. In this configuration, handle 16 is fully seated in slot 56 formed in the

11
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end of outer shaft 20 (Fig. 1A). Threads 58 of outer shaft 20 are also fully threadably engaged
with threads 60 of output hub 14, such that stepped portion 53 of outer shaft 20 is fully
received within bore 48, and shoulder 50 of outer shaft 20 is seated against shoulder 51 of
output hub 14. In this engaged configuration, coupling gear 12 protrudes from bore 48 of
output hub 14 (Figs. 1C and 4). When disconnect mechanism 10 is assembled to drive unit
100, as discussed above, the protrusion of coupling gear 12 from bore 48 results in
engagement of outer splines 52 of coupling gear 12 with inner splines 126 of output planet
gear carrier 114 (Fig. 1C). Thus, outer splines 52 of coupling gear 12 engage both output
planet gear carrier 114 and inner splines 54 of hub 14, which rotationally fixes hub 14 and
output planet gear carrier 114 to one another. When so rotationally fixed, power to input sun
gear 120 is transmitted through drive unit 100 and coupling gear 12 to hub 14, with an
associated gear reduction between sun gear 120 and hub 14.

[0054] Drive unit disconnect mechanism 10 may be moved to one of two disengaged
configurations, in which output hub 14 rotates independently of output planet gear carrier 114.
In the first disengaged configuration, referred to herein as the "handle-disengaged”
configuration and schematically illustrated in Fig. 6A, handle 16 of disconnect mechanism 10
is pulled out of slots 56 to axially displace inner shaft 18 and coupling gear 12 by distance D,
thereby disconnecting coupling gear 12 from output planet gear carrier 114. In the second
configuration, referred to herein as the "screw-disengaged" configuration and illustrated
schematically in Fig. 6B, handle 16 is left seated in slots 56 and instead used to rotate outer
shaft 20 to at least partially threadably disengage outer shaft 20 from hub 14 by distance D,
thereby axially displacing coupling gear 12 out of engagement with output planet gear carrier

114.

[0055] The handle-disengaged configuration of disconnect mechanism 10 is illustrated in
Figs. 2A-2C. To reconfigure disconnect mechanism 10 from the engaged contiguration to
the handle disengaged configuration, handle 16 is grasped and pulled out of slot 56 (Fig. 2A)
in outer shaft 20. Referring to Fig. 2C, pulling handle 16 in this way, with sufticient force to
counteract the biasing force of spring 22, axially slides inner disconnect shaft 18 with respect
to outer disconnect shaft 20 against the biasing force of spring 22. Inner disconnect shaft 13
draws coupling gear 12 into bore 48 of output hub 14 (Fig. 2C), disengaging coupling gear 12
from splined engagement with output planet gear carrier 114. When handle 16 is clear of
slots 56 (Fig. 2A), handle 16 may be rotated out of alignment with slot 56, then aligned with
and seated in detents 66 (Figs. 3A and 3C) to retain inner disconnect shaft 18 in the axially
displaced, outer position.

12
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[0056] As best seen in Fig. 2C, when handle 16 is pulled out of slot 56 to axially displace
inner shaft 18, coupling gear 12 becomes fully disengaged from output planet gear carrier 114.
Disconnect mechanism 10 is therefore in the "handle-disengaged" configuration, in which
output hub 14 is freely rotatable independent of the planetary transmission assembly 101, (i.e.,
in a "free wheel" configuration). Moreover, output hub 14 is independent of any driving
influence from the vehicle power source and/or primary vehicle transmission when
disconnect mechanism 10 is disengaged.

[0057] Between the engaged and handle disengaged configurations, disconnect
mechanism 10 may be placed in a "waiting-to-engage" configuration. The waiting-to-engage
configuration occurs when handle 16 is realigned with slots 56 of outer shaft 20 and released,
thereby freeing spring 22 to bias coupling gear 12 towards engagement with output planet
gear carrier 114, but outer splines 52 of coupling gear 12 are not properly aligned with inner
splines 126 of output planet gear carrier 114. With splines 52, 126 misaligned, coupling gear
12 will not engage and disconnect mechanism will instead enter the "waiting-to-engage”
configuration. In this configuration, handle 16 remains aligned with, and partially captured
within slots 56, while spring 22 continues to urge coupling gear 12 toward engagement with
output planet gear carrier 114. As soon as either output hub 14 or output planet gear carrier
114 begins to rotate, outer splines 52 will align with inner splines 126 and spring 22 will push
coupling gear 12 into engagement with output planet gear carrier 114. Thus, placing
disconnect mechanism 10 into the waiting-to-engage configuration causes disconnect
mechanism 10 to "automatically” move from the waiting-to-engage configuration to the
engaged configuration as soon as the alignment of the internal gears makes such engagement
possible.

[0058] The second or "screw-disengaged" configuration is illustrated in Figs. 3A-3C. In
this configuration, handle 16 is left engaged within slot 56 of outer shaft 20. Rather than
axially displacing inner shaft 18 with respect to outer shaft 20, as described above with
respect to the handle-disengagement method, the screw-disengagement method axially
displaces both inner and outer shafts 18, 20. Handle 16 is used to rotate outer disconnect shaft
20 with respect to output hub 14, which remains stationary (such as by being coupled with a
vehicle wheel at rest). As outer threads 58 of outer disconnect shaft 20 threadably disengage
from inner threads 60 of output hub 14, outer shaft 20 withdraws from hub 14. Further, where
screw-disengagement disconnect mechanism 10 begins from a fully engaged position (Fig.

1C), interaction between shoulder 50 of outer shaft 20 and shoulder 51 of hub 14 will only

13
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permit rotation (and axial displacement) in one direction, i.e., outwardly from hub 14 and
toward the screw-disengaged configuration.

[0059] When outer shatt 20 has been sufficiently threadably disengaged from output hub
14, as shown in Figs. 3B and 3C, coupling gear 12 is retracted into bore 48 (Fig. 2C) of hub 14.
As described above with respect to the handle-disengagement method, such retraction of
coupling gear 12 rotatably decouples output hub 14 from output planet gear carrier 114,
allowing output hub 14 to "free wheel" with respect to the planetary transmission assembly
101. As described in detail below, the screw-disengagement method offers the benefit of a
mechanical advantage compared to the handle-disengagement method; the
screw-disengagement therefore offers a greater force for withdrawing coupling gear 12 from
engagement with output planet gear carrier 114, for any given operator-produced exertion
force against handle 16. This greater withdrawal force is beneficial in effecting
disengagement when splines 52, 126 are under pressure or otherwise tightly engaged with
one another.

[0060] As best seen by comparison of Figs. 3C and 4, the total axial travel of coupling gear
12 towards a "disengaged" position is limited by impingement of inner face 62 of coupling
gear 12 upon shoulder 64 formed within bore 48 of output hub 14. Conversely, axial
displacement of coupling gear 12 in the other direction (i.e., towards an "engaged" position)
is limited by impingement of handle 16 upon the ends of slots 56 formed in outer shaft 20,
and/or by impingement of shoulder 50 formed by stepped portion 53 of outer shaft 20 upon
the corresponding shoulder 51 formed within bore 48 of output hub 14. Thus, coupling gear
12 1s only permitted to move within a controlled axial range when assembled to disconnect

mechanism 10 as described above,

[0061] Upon reengagement of disconnect mechanism 10 from the screw-disengaged
configuration, disconnect mechanism 10 may move into an engaged configuration or a
waiting-to-engage configuration. As described above with respect to the handle-disengaged
configuration, splines 52, 126 of coupling gear 12 and output planet gear carrier 114, may not
align as outer shaft 20 is rotated to fully threadably engage threads 58 of outer shaft 20 with
threads 60 of hub 14. Ifthis is the case, handle 16 will outwardly advance in slots 56 as outer
shaft 20 is rotated back towards a fully engaged position, with mechanism 10 entering the
waiting-to-engage configuration when outer shoulder 50 of outer shaft 20 seats against
shoulder 51 of hub 14 (Figs. 4 and 5). Handle 16, inner shaft 18, and coupling gear 12 will
"snap"” into the engaged configuration as soon as splines 52 of coupling gear 12 align with
splines 126 of output planet gear carrier 114, as described above.

14
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3. Disconnect Mechanism Features and Benefits

[0062] Advantageously, disconnect mechanism 10 is particularly well-suited for use with
planetary transmission assembly 101 and other gear-reduction transmission systems because
the screw-disengagement method (described in detail above) offers a mechanical advantage
that facilitates disconnection of gears under high pressure.

[0063] For example, a vehicle parked up- or down-hill with the transmission engaged will
"come to rest" against the resistive force of the (unpowered) transmission. Stated another
way, the tendency of the vehicle to roll downhill is counteracted by tension or pressure in the
parts of the transmission, which in turn are created by the inertial forces of a shut-off vehicle
motor.

[0064] In the context of a quick-disconnect system, this pressure is also transmitted to the
internal gears of the quick disconnect which couples the wheel of the vehicle to the motor and
primary transmission. Ifthe vehicle also includes a hub-based wheel drive unit 100 including
additional gear reduction for each vehicle wheel, such as via planetary transmission assembly
101 described above, even greater pressure may be exerted between the internal gears of the
disconnect mechanism. Particularly for the heavy construction vehicles often used with
high-reduction wheel drives, the pressure on the internal gears of a quick disconnect can
become substantial on even a modest grade.

[0065] In the case of the handle-disengagement method, force F, exerted on handle 16 1s
equal to the force exerted on coupling gear 12, as illustrated in Fig. 6A. Where such pressure
exists between coupling gear 12 of disconnect mechanism 10 and output planet gear carrier
114, i.e., where the associated vehicle is parked on a sloped surface and resting against the
transmission gears, exerted force Fy on coupling gear 12 by pulling handle 16 directly away
from hub 14 (illustrated schematically in Fig. 6A) may not be sufficient to dislodge coupling
cear 12, Exertion of a larger force, such as force F; (Fig. 6B) may not within the physical
ability of the operator.

[0066] Where the operator assesses that force F| generated by pulling directly on handle 16
will not be sufficient to dislodge coupling gear 16, the mechanical advantage of offered by
the screw-disengagement method can be used to overcome such pressure. Like the
handle-disengagement method, the screw-disengagement method is simple operation that
requires no tools, as described above.

[0067] Referring now to the illustrative embodiment of Fig. 6B, the screw-disengagement

method is accomplished by applying force F,' to each side of handle 16. For purposes of the

15
BDDBO1 6626777v3



CA 02738435 2011-04-29

present discussion, force Fy' is taken to be approximately equal to force F, used for the
handle-disengagement method (Fig. 6A), though either of forces F,, F' may be any force
within the normal range of forces exerted by a human hand. Exerting force F;' on handle 16
results in a much smaller axial displacement of inner shaft 18 for a given amount of
movement applied to handle 16. Thus, the screw-disengagement utilizes much more motion
of handle 16 to accomplish a given axial displacement of coupling gear 12, which results in
mechanical advantage as described below.
[0068] The equation

| Work] = [Force] * [Distance]
can be rearranged as

[Force] = [Work] / [Distance],
which stands for the proposition that spreading a given amount of work over a greater
distance lowers the amount of force needed to accomplish that work. For purposes of the
present discussion, applicants assume for mathematical simplicity that coupling gear 12 is
axially displaced by a distance of 1-inch against the forces resisting such axial displacement
(which forces are mostly comprised of friction between coupling gear 12 and output planet
gear carrier 114). Assuming a given amount of frictional resistance, the amount of work
required to move coupling gear 12 1-inch is the same regardless of whether the
handle-disengagement or screw-disengagement method is used.
[0069] In the case of quick disconnect mechanism 10, the mechanical work required to
displace coupling gear 12 is accomplished by user-exerted work on handle 16. Performing
this user-exerted work via the handle-disengagement method requires that the mechanical
work of dislodging coupling gear 12 be accomplished over the 1-inch travel of handle 16;
performing the user-exerted work on handle 16 by the screw-disengagement method
accomplishes the same mechanical work on coupling gear 12 over a much larger distance,
giving rise to a mechanical advantage.
[0070] One full rotation of handle 16 axially displaces coupling gear 12 by the distance
between an adjacent pair of threads 58, 60 (i.c., the "pitch"” of threads 38, 60). In an
exemplary embodiment, threads 58, 60 are male and female 1-1/4 — 7 UNC threads,
respectively, meaning the mating threaded portions of outer shaft 20 and hub 14 are each
1-1/4-inches in diameter and have 7 threads per inch of axial travel. Thus, one full rotation of
handle 16 axially displaces outer shaft 20 (and coupling gear 12) by 1/7-inch, and the
user-exerted work required to axially displace coupling gear 12 by 1-inch is spread over 7 full
rotations of handle 16.

16
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[0071] In this exemplary embodiment, handle 16 is about 2-1/4 inches long (i.e., sized to

be easily grasped by the hand of an operator), so total movement of an end of handle 16
during one full rotation 1s equal to pi*2.25, which 1s slightly more than 7 inches. Total
movement of handle 16 in the screw disengagement method 1s therefore [7 handle rotations]
* [~7 inches per handle rotation] = ~49 inches. This total movement by the
screw-disengagement method compares to only 1-inch for the direct handle-disengagement
method, meaning the amount of force required to do the work of disengaging coupling gear
12 by the screw-disengagement method is 1/49™ the force required by the
handle-disengagement method. Stated another way, screw-disengagement of the exemplary
disconnect mechanism 10 can dislodge a coupling gear 12 under 49 times more pressure with
output planet gear carrier 114 than can be done with the handle disengagement method, for a
given user-exerted force on handle 16.

[0072] As detailed above, the screw-disengagement method advantageously allows
coupling gear 12 to be disengaged from planet gear carrier 114 from a high-pressure, high
friction engagement. On the other hand, where the pressure between coupling gear 12 and
output planet gear carrier 114 is relatively small (i.e., when the associated vehicle is parked
on level ground), disconnect mechanism 10 offers the handle-disengagement method for a
much faster, tool-free and simple disengagement method.

[0073] Regardless of the disengagement method, an operator can engage or disengage
disconnect mechanism 10 even in adverse environmental conditions. For example, because
fine motor tasks are not required with the present tool-less design (i.e., aligning a pin with a
hole, aligning a tool with a part, etc), disconnect mechanism 10 can be manipulated by an
operator wearing gloves or mittens, even in cold, wet or muddy conditions. Similarly, since

no external parts are needed to use disconnect mechanism 10, no parts needed for
engagement/disengagement of same can be lost or misplaced.

[0074] Also advantageously, each of the engaged, handle disengaged, screw-disengaged,
and waiting-to-engage configurations of disconnect mechanism 10 are visually distinct
configurations, thereby enabling an observer to readily ascertain the configuration of
disconnect mechanism 10 (i.e., handle-disengaged, screw-disengaged, engaged, or
waiting-to-engage) with only a moment of visual or tactile inspection.

[0075] In the engaged configuration, stepped portion 53 of outer shaft 20 is fully recetved
within bore 48 of output hub 14, and handle 16 is fully seated within slots 56 of outer shatt 20.

Further, inner disconnect shaft 18 appcars inset within bore 32 of outer disconnect shaft 20
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from the operator-accessible side of mechanism 10, such that a portion of the inner wall
defined by bore 32 is visible.

[0076] In the handle-disengaged configuration, stepped portion 53 of outer shaft 20
remains fully seated within bore 48 of output hub 14, but handle 16 is fully removed from
slots 56 and 1s rotated out of alignment therewith. Handle 16 may be engaged with detents
66. Further, a portion of inner disconnect shaft 18 protrudes out of bore 32 of outer
disconnect shaft 20, exposing part of the outer arcuate face of inner shaft 18.

[0077] In the screw-disengaged configuration, handle 16 is received within slots 56 and
inner disconnect shaft 18 is inset within bore 32 of outer disconnect shaft 20, similar to the
engaged configuration discussed above. Unlike the engaged configuration, however, stepped
portion 53 of outer shaft 20 protrudes substantially outwardly from output hub 14, and the
end of outer shaft 20 protrudes farther outwardly from hub 14 than when in the engaged
configuration. Mechanism 10 is in a fully screw-disengaged configuration when handle 16
can no longer be rotated to further extract shaft 20 from hub 14 (owing to the impingement of
coupling gear 12 upon shoulder 64 formed in hub 14, as described above).

[0078] Finally, in the waiting-to-engage configuration, stepped portion 53 of outer shaft 20
is fully seated against output hub 14, similar to the engaged and handle-disengaged positions
described above. Handle 16 is aligned with, but only partially received within slots 56.
Handle 16 is not fully reccived within slots 56, and inner shaft 18 protrudes slightly from bore
32 of outer shaft 20, exposing a portion of the outer arcuate face of shaft 18.

[0079] Thus, each configuration of disconnect mechanism 10 is unique and easily
distinguishable from the other configurations. Notably, the "telltale" visual cues
corresponding to the handle and screw-disengaged configurations cannot coexist because of
the axial displacement limitations imposed by coupling gear 12 and output hub 14. More
particularly, inner face 62 of coupling gear 12 contacts shoulder 64 within bore 48 of output
hub 14 when disconnect mechanism 10 is in the screw-disengaged configuration. Therefore,
handle 16 cannot be extracted from slots 56. Similarly, stepped portion 53 of outer shaft 20
cannot be significantly displaced away from its seated position within bore 48 of output hub
14 when handle 16 is removed from slots 56, again because further axial displacement is
prevented by the impingement upon inner face 62 upon shoulder 64.

[0080] Also advantageously, disconnect mechanism 10 automatically reorients itself from
the waiting-to-engage configuration to the engaged configuration under the biasing force of
spring 22. Thus, disconnect mechanism 10 may simply be placed in the waiting-to-engage
configuration, with the operator assured that slight vehicle movement will subsequently place

18
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disconnect mechanism 10 in the engaged configuration. As noted above, the operator can
visually verify that such engagement has occurred with a brief glance after such slight vehicle
motion has occurred.

[0081] While this disclosure has been described as having an exemplary design, the
present invention can be further modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the invention
using its general principles. Further, this application is intended to cover such departures
from the present disclosure as come within known or customary practice in the art to which

this invention pertains and which fall within the limits of the appended claims.

19
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CLAIMS

WHAT IS CLAIMED IS:

l. A disconnect mechanism having an engaged configuration and a disengaged
configuration, the mechanism comprising:

a hub attachable to a driven unit, said hub having an inward side and an opposing,
user-accessible outward side, said hub having a threaded bore extending from said inward
side to said outward side;

an outer shatt having a bore extending axially therethrough, said outer shaft defining a
threaded engagement with said bore of said hub to axially move said outer shaft between an
outer-shaft scated position in which said outer shaft is relatively inwardly disposed with
respect to said hub, and an outer-shaft withdrawn position in which said outer shaft is
relatively outwardly disposed with respect to said hub;

an inner shaft received within said outer shaft, said inner shaft axially movable with
respect to said outer shaft between an inner-shaft seated position in which said inner shaft is
relatively inwardly disposed with respect to said outer shaft, and an inner-shaft withdrawn
position in which said inner shaft is rclatively outwardly disposed with respect to said outer
shaft; and

a coupling gear axially fixed to said inner shaft, said coupling gear defining:

an engaged position corresponding to the engaged configuration of the
disconnect mechanism, said coupling gear in said engaged position when said outer shaft is in
said outer-shaft seated position and said inner shaft is in said inner-shaft seated position, and

a disengaged position corresponding to the disengaged configuration of the
disconnect mechanism, said coupling gear in said disengaged position when said outer shaft

s in said outer-shaft withdrawn position or said inner shaft is in said inner-shaft withdrawn

position.

2. The disconnect mechanism of claim 1, further comprising a handle connected to said
outer shaft, said handle cooperating with a thread pitch of said threaded engagement to create
a mechanical advantage when said outer shaft is threadably toggled between said outer-shaft
seated position and said outer-shaft withdrawn position, wherein movement of said handle by

a movement distance causes an axial movement of said coupling gear by less than the

. movement distance.
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3. The disconnect mechanism of claim 1, further comprising a handle connected to said
Inner shaft, wherein movement of said handle by a movement distance results in axial

movement of said coupling gear by the movement distance.

4. The disconnect mechanism of claim 1, in combination with a wheel drive unit
including a powered input gear and a driven gear,

sald hub operably connected to said driven gear when said coupling gear is in said
engaged position, such that power from said powered input gear is transferred to said hub,
and

said hub operably disconnected from said driven gear when said coupling gear is in

sald disengaged position, such that said hub is independently rotatable with respect to said

powered input gear.,

5. The disconnect mechanism in combination with a wheel drive unit of claim 4,

wherein said wheel drive unit comprises a planetary transmission assembly.

6. The disconnect mechanism of claim 1, further comprising a spring, said spring urging

sald inner shaft toward said inner-shaft seated position.

7. The disconnect mechanism of claim 1, wherein:
said outer shaft comprises a stepped portion defining a shoulder formed on said outer

shaft; and

said bore of said hub comprises a shoulder within said bore, said shoulder of said hub

cooperating with said shoulder of said outer shaft to limit inward axial movement of said

outer shatt, thereby defining said outer-shaft seated position.

8. The disconnect mechanism of claim 1, wherein:
sald coupling gear defines an inner face;
sald hub defines an inner shoulder disposed within said bore of said hub:
said inner face of said coupling gear impinges on said inner shoulder of said hub when

said inner shaft is in said inner-shaft withdrawn position to prevent further outward axial

travel of said inner shatft:
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sald inner face of said coupling gear impinges on said inner shoulder of said hub when
sald outer shaft is in said outer-shaft withdrawn position to prevent further outward axial

travel of said inner shaft;

whereby said inner-shaft withdrawn position cannot exist concurrently with said

outer-shaft withdrawn position.

9. A disconnect mechanism for selectively disconnecting a hub from a power source, the
mechanism comprising:

a hub attachable to a driven unit, said hub having an inward side and an opposing,
user-accessible outward side, said hub having a threaded bore extending from said inward
side to said outward side;

a coupling gear axially movable with respect to said hub between an engaged position
in which said coupling gear extends relatively further outwardly and a disengaged position in
which said coupling gear extends relatively further inwardly;

means for axially toggling said coupling gear between said engaged position and said
disengaged position by direct axial displacement, wherein said coupling gear is axially
displaced with no mechanical advantage; and

means for threadably toggling said coupling gear between said engaged position and
sald disengaged position by threaded rotational displacement, wherein said coupling gear is

axially displaced with a mechanical advantage.

0. The disconnect mechanism of claim 9, wherein said coupling gear includes outer
splines and said hub includes a first set of inner splines mated with said outer splines of said
coupling gear, in combination with a means for transmitting power from the power source to
said coupling gear including:

an input gear adapted to couple with a motor output shaft;

an output gear having a second set of inner splines, said outer splines of said coupling

gear mated with both of said first set of inner splines and said second sct of inner splines when
said coupling gear is in said engaged position, said outer splines mated only with said first set

of nner splines when said coupling gear is in said disengaged position.

1. The disconnect mechanism of claim 10, wherein said means for transmitting power

comprises gear reduction means for reducing a rotational speed of said output gear with

respect to said input gear.
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12. The disconnect mechanism of claim 9, further comprising displacement means for

directly axially displacing said means for axially toggling, said displacement means also for

rotating said means for threadably toggling.

13. The disconnect mechanism of claim 9, further comprising biasing means for urging

said coupling gear toward said engaged position.

4. The disconnect mechanism of claim 9, further comprising means for limiting a range

of axial travel of said coupling gear.

135. A method of disengaging a driven unit from a vehicle power source, the method
comprising:
receiving a hub;
receiving a driven gear;
receiving a disconnect mechanism operable to selectively engage the hub with the
driven gear via a coupling gear, the disconnect mechanism defining:
an engaged configuration in which the hub is operably engaged with the driven
gear;
a handle-disengaged configuration in which the hub is disengaged from the
driven gear by direct axial displacement of the coupling gear; and
a screw-disengaged configuration in which the hub is disengaged from the
driven gear by threaded disengagement of the disconnect mechanism from the hub: and
with the disconncct mechanism in the engaged configuration, assessing whether the
coupling gear and driven gear are under sufficient pressure to prevent disengagement of the

hub from the driven gear by placing the disconnect mechanism into the handle-disengaged

configuration.

16.  The method of claim 15, further comprising, if the step of assessing results in an
assessment that the coupling gear and driven gear are under the sufficient pressure:

rotating a handle connected to the disconnect mechanism in a first rotational direction.
said step of rotating the handle placing the disconnect mechanism in the screw-disengaged
configuration, said step of rotating a handle including applying a mechanical advantage to

force the coupling gear out of engagement with the driven gear.
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17. The method of claim 16, wherein said disconnect mechanism further includes a spring
creating a biasing force urging the disconnect mechanism toward the engaged configuration,
the method further comprising:

placing the disconnect mechanism into a waiting-to-engage configuration by rotating
the handle in a second rotational direction opposite the first rotational direction, in which the
waiting-to-engage configuration biases the coupling gear toward the driven gear, and in which
the disconnect mechanism will automatically enter the engaged configuration upon alignment

of mating splines on the coupling gear and driven gear.

I8. The method of claim 15, further comprising, if the step of assessing results in an

assessment that the coupling gear and driven gear are not under the sufficient pressure:
pulling a handle connected to the disconnect mechanism to place the disconnect

mechanism in the handle-disengaged configuration, said step of pulling a handle including

directly applying force to the coupling gear to dislodge the coupling gear from engagement

with the driven gear.

9. The method of claim 18, wherein said disconnect mechanism further includes a Spring
creating a biasing force urging the disconnect mechanism toward the engaged configuration,
said step of pulling a handle further comprising pulling the handle against the biasing force to
counteract the biasing force, the method further comprising:

placing the disconnect mechanism into a waiting-to-engage configuration by releasing
the handle such that the biasing force of the spring is no longer counteracted, in which the
waiting-to-engage configuration biases the coupling gear toward the driven gear, and in which
the disconnect mechanism will automatically enter the engaged configuration upon alignment

of mating splines on the coupling gear and driven gear.

20.  The method of claim 15, wherein the driven gear forms a part of a wheel drive unit.
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