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OFF-AXIS PUMP WITH INTEGRAL SHAFT FEED FEATURES
FIELD OF INVENTION

The present invention relates to a lubrication pump and a method of
producing said lubrication pump. More specifically the invention relates to a
lubrication pump with integral shaft feed features for causing a lubricant to flow
through a passageway into and around a rotating shaft in a vehicle transfer case.

BACKGROUND OF INVENTION

Transfer case lubrication pumps traditionally utilize a gerotor style pump
having an inner gear with a large aperture for a torque carrying shaft to pass
through. In many applications, the torque capacity requirement dictates that the
minimum shaft diameter to be in excess of about 50 mm (~ 2 inches). The aperture
and the pumping elements of the gerotor set, therefore, in accordance with
conventional design approaches have to be larger than this minimum shaft diameter
in order for the shaft to be able to pass through them. A minimum shaft diameter of
about 50 mm causes conventional pumps to have viscous shear losses that far
exceed any pumping related losses or inefficiencies.

One method of reducing the viscous shear losses associated with transfer
case lubrication pumps is to utilize an off-axis pumping arrangement. However, off-
axis style pumps that are currently available suffer from multiple commercial issues
that off-set any potential performance benefits. The primary issue with available off-
axis pumping systems is the complexity associated with feeding pressurized
lubricant into and around a rotating shaft. Commercially available systems require
the use of additional housing components, as well as passages drilled into these
housing components in order to provide the necessary degree of lubrication. These
additional requirements lead to an increase in manufacturing cycle time and result in
reduced manufacturing efficiencies due to high rejection rates.

There is a need and desire in the industry to provide an economical
lubrication pump that can reduce viscous shear losses encountered in the transfer

case, while maintaining the necessary flow rate capacity.

BRIEF SUMMARY OF THE INVENTION
The present invention generally provides a transfer case lubrication assembly for

delivering lubrication fluid to various transmission components of a vehicle. In one
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embodiment, the transfer case lubrication assembly comprises a main torque
carrying shaft; outer pump housing; and a lubrication pump. The lubrication pump is
driven by an external spur gear set that is non-concentrically aligned with the torque
carrying shaft; and delivers a pressurized lubrication fluid proximate to the torque
carrying shatft through at least one fluid feed channel integrally formed with the outer
pump housing.

The lubrication pump is a positive displacement pump, such as a gerotor
pumping unit, among others. The external spur gear set transfers torque from the
main torque carrying shaft {o the lubrication pump. This torque transfer may be
accomplished when one of the spur gears engages a shaft that is coupled to the
lubrication pump.

The gerotor pumping unit may further comprise an inner rotor with N teeth and
an outer rotor with (N+1) root fillets. For example, the inner rotor may have four
teeth while the outer rotor has five root filets.

Each fluid feed channel may be formed in the housing using a casting or
powder forming method known to one skilled in the art. Although each fluid feed
channel may be in either the body or cover of the outer pump housing, preferably
such channels are located in the cover of the outer pump housing.

The transfer case lubrication system may incorporate the use of a rotating
shaft seal. Such a seal may be selected as one from the group of fixed clearance-
type seals and surface guided-type seals. Alternatively, the transfer case lubrication
system may incorporate the use of a low radial clearance journal bearing.

in another aspect of the present invention, the transfer of less than about 1.25
Nm of torque from the torque carrying shaft to the lubrication pump establishes a
flow rate for the pressurized lubrication fluid exiting the lubrication pump that is
greater than about 11 liters per minute.

it is another objective of the present invention to provide a method of
providing a lubrication fluid to a location proximate to the torque carrying shaft in a
transfer case. This method comprising the steps of transferring torque from a main
torque carrying shaft to a pumping unit using a spur gear set that is externally
mounted to the pump housing; generating a vacuum or draw at the inlet passageway
through the pump housing; drawing lubrication fluid from a reservoir into the inlet
passageway of the pump housing; allowing un-pressurized lubrication fluid fo pass
through a 1% feed channel that connects the inlet passageway to the pumping unit;
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pressurizing the lubrication fluid within the pumping unit; forcing the pressurized
lubrication fluid to pass through a 2" feed channel to exit the pumping unit; allowing
the pressurized lubrication fluid to flow across the face of the pump housing into a 3
feed channel; and delivering the pressurized lubrication fluid through the 3™ feed
channel to a radial channel that is proximate to the rotating torque carrying shatft.
Further areas of applicability will become apparent from the description
provided herein. It should be understood that the description and specific examples
are intended for purposes of illustration only and are not intended to limit the scope

of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for illustration purposes only and are not
intended to limit the scope of the present disclosure in any way.

Figure 1 is a perspective view of the transfer case lubrication assembly in
accordance with one embodiment of the present invention.

Figure 2A is a perspective view of gerotor pumping unit used as part of the
transfer case lubrication assembly in accordance with one embodiment of the
present invention.

Figure 2B is a cross-sectional view of the gerotor pumping unit of Figure 2A
taken along line B-B.

Figure 3 is a perspective view of the transfer case jubrication assembly in
accordance with one embodiment of the present invention depicting the flow path for
the lubrication fluid.

Figure 4 is a cross-sectional view of the transfer case lubrication assembly of
Figure 1 taken along line A-A.

Figure 5 is a schematic representation of a method for providing a pressurized
lubrication fluid from a reservoir to a location that is proximate to the torque carrying
shaft in a transfer case in accordance with one embodiment of the present invention.

Figure 6A is a graphical representation of the torque transferred plotted as a
function of the rotations per minute established in a transfer case lubrication
assembly in accordance with one embodiment of the present invention.

Figure 6B is a graphical representation of the flow rate for the lubrication fluid
plotted as a function of the rotations per minute established in a transfer case

lubrication assembly in accordance with one embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

The following description of the preferred embodiment is merely exemplary in
nature and is in no way intended to limit the invention or its application or uses. It
should be understood that throughout the description and drawings, corresponding
reference numerals indicate like or corresponding parts and features.

One embodiment of the present disclosure provides a transfer case
lubrication assembly for delivering lubrication fluid to various fransmission
components of a vehicle. Such a transfer case lubrication assembly includes a fluid
reservoir and a pump assembly to pressurize the oil in order to cause it to flow over
and through various tfransmission components. An example of such a pump
assembly according to one embodiment of the present specification is shown in
Figure 1. Referring to Figure 1, the pump assembly 1 comprises a torque carrying
shaft 5 that engages an external spur gear set 10 comprising a first gear 10A and a
second gear 10B. The splined teeth of each gear 10 project radially and may be
aligned parallel to an axis of rotation. One skilled in the art of gears will understand
that other gear designs, including but not limited to helical gears may be utilized.
The splined teeth 9 of the first gear 10A actively set or engage the area 11 located
between the teeth 12 of the second gear 10B. Similarly, the splined teeth of the
second gear 10B actively set with or engage the area located between the teeth of
the first gear 10A. The pitch and tooth profiles associated with the gear set 10 are
predetermined to reduce the occurrence of frictional wear associated with the splined
teeth of each gear.

The spur gear set 10 is located external to the pump housing 15 and is non-
concentrically aligned with the torque carrying shaft 5. The pump housing comprises
an inlet passageway 20 for low pressure oil to flow from a reservoir or sump (not
shown) into the pumping unit 1. The second gear 10B is coupled to a shaft 25 that
engages the inner rotor of the pumping unit. The pumping unit may be any type of
positive displacement pump known to one skilled in the art. One benefit of using an
off-axis pump is the ability to choose the gear ratio that will allow for the pump to be
driven at an optimum speed. Any desirable gear ratio may be selected by changing
the size of either gear 10A, 10B in the gear set 10.

in one embodiment of the present invention, a gerotor pump represents an

example of one type of a positive displacement pumping unit that may be used in
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accordance with one embodiment of the present invention. However, one skilled in
the art will recognize that other types of positive displacement pumps may also be
selected and used. Referring now to Figures 2A and 2B, a gerotor pumping unit
comprises an inner 30 and outer 35 rotor. The inner rotor 30 has a predetermined
number of lobes 31, and the outer rotor 35 has one more root fillet 36 than the inner
rotor 30 has lobes 31. For example, the inner rotor 30 may have N lobes and the
outer rotor 35 may have (N+1) root fillets. Although the gerotor depicted in Figure 2A
shows the inner rotor 30 with four lobes 31 and the outer rotor 35 with five root fillets
36, one skilled in the art of pumps will understand that if desirable another number of
lobes and fillets could be used. The inner rotor 30 may be located slightly off-
center and both of the rotors 30, 35 typically rotate.

During each cycle of rotation associated with a gerotor pump 7, the area
between the inner rotor 30 and outer rotor 35 initially increases, creating a low
pressure regime. This low pressure generates suction, which pulls low or un-
pressurized lubrication fluid from a reservoir or sump through an intake passageway
20 and into the gerotor pump 7. Then, as the cycle of rotation continues, the area
between the rotors decreases, which causes the lubrication fluid to become
compressed or pressurized. During this compression stage, the lubrication fluid can
be pumped or forced to flow to various predetermined locations within the transfer
case. The size of the pumping unit 1 may be determined based upon the knowledge
of various desired parameters, such as rotational speed, eccentricity, and the
required volume of lubrication fluid.

in one embodiment of the present invention, the pump housing 15 comprises
at least one fluid feed channel with more than one channel being preferred. These
fluid feed channels may be integrally formed with the pump housing 15 using any
method known to one skilled in the art. Such techniques may include, but not be
limited to, die casting, centrifugal casting, continuous casting, permanent mold
casting, and powder forming. The diameter or width of the feed channels, as well as
their shape may be selected based upon the amount of torque available to be
transmitted from the torque carrying shaft 5 and the desired flow rate to be
established and maintained by the pumping unit 1.

The pump housing 15 may be comprised of any material capable of being
cast, including but not limited to steel, aluminum, steel alloys, and aluminum alloys.
The pump housing 15 may be further comprised of more than one component, such
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as a cover and a body. The components that make up the pump housing are
fastened together creating a joint using a compression seal or any other method
known in the art to limit or reduce the leakage of lubrication fluid from such a joint.

Referring now to Figures 3 and 4, un-pressurized lubrication fluid flows from a
sump or reservoir (not shown) through an inlet passageway 20 into the pumping unit
1 via a fluid feed channel 40. Although the fluid feed channels may be located in
either the body or cover of the pump housing, the feed channels are preferably
located in the cover of the pump housing 15. The pumping unit pressurizes the
lubrication fluid and the fluid exits the pumping unit through a second fluid feed
channel 45. The lubrication fluid is caused to flow across the face 50 of the pump
housing and into a third fluid feed channel 55. This third fluid feed channel 55 allows
the pressurized lubrication fluid to be delivered into the radial channel 60 that is
proximate to the torque carrying shaft. The pumping unit and the main torque
carrying shaft preferably rotate in opposite directions.

in one embodiment of the present invention, the pump assembly 1, which
utilizes rotating shaft seals (not shown) to seal around the torque carrying shaft 5, is
a system that exhibits extremely low spin losses. The use of these rotating shaft
seals provides for a dual function or purpose. The first function is to ensure that any
leakage of lubrication fluid from the pump assembly 1 is reduced, thereby, allowing
for pump displacement to also be reduced. Second, the flow path established for the
lubrication fluid results in the occurrence of low viscous shear losses.

The rotating shaft seals (not shown) may include any seal known {o one
skilled in the art including both “surface guided” and fixed clearance types of seals.
A “surface guided” seal may have one seal face flexibly mounted with respect to the
shaft 5 or pump housing 15. This first seal face is designed to slidably engage a
second seal face that is fixed relative to the other surface, e.g., pump housing 15 or
shaft 5, respectively. Fixed clearance seals may include, but not be limited to
viscous seals, labyrinth seals, bushing seals, and floating ring seals.

in another embodiment of the present invention, the pumping unit 1uses a
low radial clearance journal bearing to perform the functions of locating the pump 7
proximate to the torque carrying shaft 5 and to reduce the occurrence of any
leakage. In this embodiment, the radial journal bearing replaces the use of a rotating

shaft seal and provides for the additional benefit of reducing the complexity of the
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housing 15. This reduction in complexity in turn allows for greater freedom in
regards to the axial placement of the pump 7.

The lubrication fluid may be any fluid known to one skilled-in-the-art of
lubrication. Examples of lubricating fluids include, but are not limited to, multi-grade
engine oils, synthetic engine oils, transmission fluid, mineral oils, silicones, and
polyalphaolefins. The lubrication fluid may also include other performance additives,
such as high molecular weight thickeners and viscosity index improvers.

it is another objective of the present invention to provide a method 2 for
providing a pressurized lubrication fluid from a reservoir or sump in a transfer case to
a location proximate to the torque carrying shaft. Referring now to Figure 5, this
method comprises the steps of transferring 100 torque from a main torque carrying
shaft to a pumping unit using a spur gear set that is externally mounted to the pump
housing; generating 105 a vacuum or draw at the inlet passageway through the
pump housing;, drawing 110 lubrication fluid from a reservoir into the inlet
passageway of the pump housing; allowing 115 un-pressurized lubrication fluid to
pass through a first feed channel that connects the inlet passageway to the pumping
unit; pressurizing 120 the lubrication fluid within the pumping unit; forcing 125 the
pressurized lubrication fluid to pass through a second feed channel to exit the
pumping unit; allowing 130 the pressurized lubrication fluid to flow across the face of
the pump housing into a third feed channel; and delivering 135 the pressurized
lubrication fluid through the third feed channel to a radial channel that is proximate to
the rotating torque carrying shaft.

in another embodiment of the present invention, the step of pressurizing the
lubrication fluid utilizes a positive displacement pumping unit, such as a gerotor
pumping unit among others.

The following specific examples are given to illustrate the invention and
should not be construed to limit the scope of the invention.

Example 1 — Performance Comparison with a Conventional Spline Drive Pump

Three prototype pump assemblies (A-C) were constructed according to the
embodiments of the present invention. The performance of each of these pumping
assemblies (A-C) were tested and compared to the performance of a conventional
spline drive pump under substantially similar test conditions. In particular, the torque
transmitted to the pump and the flow rate of lubrication fluid generated by the pump

was measured for each pump as a function of the rotation per minute (RPM)
7
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achievable by the pump as shown in Figures 6A and 6B. Each of the prototype
pumps (A-C) were found to exhibit substantially similar performance to each other
and superior performance with respect to a conventional spline drive pump.

Referring to Figure 6A, the torque (Nm) transferred from the torque carrying
shaft to the gerotor pumping unit of the pump assembly according to an embodiment
of the present invention that establishes a specific number of rotations per minute
(RPM) with the pump is substantially the same for each of the three prototype pump
assemblies (A-C). For example, in order to establish 3000 RPM by the lubrication
pump, the torque transferred is on the order of about 0.8 Nm. In comparison, to
establish 3000 RPM with respect to a conventional pumping assembly, the transfer
of torque is on the order of 3.2 Nm.

Referring now to Figure 6B, the flow rate established for each of the pump
assemblies (A-C) according fo an embodiment of the present invention is similar to
the flow rate established for a conventional spline drive pump up to about 1800
RPM. A further increase in rotations per minute allows the pump assemblies (A-C)
to substantially outperform the conventional pump assembly. For example, at 3000
RPM, the flow rate established for each of the pump assemblies (A-C) ranged from
about 12.5 to 13.5 liters per minute (LPM), while the flow rate for the conventional
pump assembly was only about 9.5 liters per minute (LPM).

This example demonstrates that the pump assemblies (A-C) constructed
according to an embodiment of the present invention result in less viscous shear
losses than a conventionally utilized pump assembly. According to one embodiment
of the present invention, the transfer of torque on the order of less than about 1.25
Nm from the torque carrying shaft to the lubrication pump may establish a flow rate
for the pressurized lubrication fluid exiting the tubrication pump that is greater than
about 11 liters per minute.

The foregoing disclosure is the best mode devised by the inventors for
practicing this invention. It is apparent however, that devices incorporating
modifications and variations will be obvious to one skilled in the art of pump
assemblies. Inasmuch as the foregoing disclosure presents the best mode
contemplated by the inventors for carrying out the invention and is intended to
enable any person skilled in the pertinent art to practice this invention, it should not

be construed to be limited thereby but should be construed to include such
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aforementioned obvious variations and be limited only by the spirit and scope of the

following claims.
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1. A transfer case lubrication assembly for a vehicle comprising:

a main torque carrying shaft;

an outer pump housing; and

a lubrication pump;

wherein said lubrication pump is driven by an external spur gear
set having one gear that is non-concentrically aligned with the torque
carrying shaft; and

wherein said lubrication pump delivers a pressurized lubrication
fluid to the torque carrying shaft through at least one fluid feed channels

integrally formed with the outer pump housing.

2. The transfer case lubrication assembly according to Claim 1,

wherein the lubrication pump is a positive displacement pump.

3. The transfer case lubrication assembly according to Claim 2,

wherein the positive displacement pump is a gerotor pump.

4. The transfer case lubrication assembly according to Claim 1,
wherein the external spur gear set transfers torque from the main torque

carrying shatft to the lubrication pump.

5. The transfer case lubrication assembly according to Claim 4,
wherein the one of the spur gears engages a shaft coupled to the

lubrication pump.
6. The transfer case lubrication assembly according to Claim 3,

wherein the gerotor pump further comprises an inner rotor with N teeth

and an outer rotor with (N+1) root fillets.

10
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7. The transfer case lubrication assembly according to Claim 6,
wherein the inner rotor has four teeth and the outer rotor has five root

filets.

8. The transfer case lubrication assembly according to Claim 1,
wherein the pressurized lubrication fluid is delivered to a radial channel

that is proximate to the torque carrying shaft.

9. The transfer case lubrication assembly according to Claim 1,
wherein the fluid feed channel is formed in the housing using one
selected from the group of die casting, centrifugal casting, continuous

casting, permanent mold casting, and powder forming.

10. The transfer case lubrication assembly according to Claim 1,
wherein the outer pump housing further comprises a body and a cover

that are fastened together.

11. The transfer case lubrication assembly according to Claim 10,
wherein the fluid feed channels are in the cover of the outer pump

housing.

12. The transfer case lubrication assembly according to Claim 1,

wherein the transfer case further comprises a rotating shaft seal.

13. The transfer case lubrication assembly according to Claim 12,
wherein the rotating shaft seal is one selected from the group of fixed

clearance-type seals and surface guided-type seals.

14. The transfer case lubrication assembly according to Claim 1,
wherein the transfer case further comprises a low radial clearance

journal bearing.

15. The transfer case lubrication assembly according to Claim 1,
wherein the transfer of less than about 1.25 Nm of torque from the forque
11
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carrying shaft to the lubrication pump establishes a flow rate for the
pressurized lubrication fluid exiting the lubrication pump that is greater

than about 11 liters per minute.

16. A method of providing a lubrication fluid to a location proximate to the torque
carrying shaft in a transfer case, the method comprising the steps of:

transferring torque from a main torque carrying shaft to a pumping unit using a
spur gear set that is externally mounted to the pump housing;

generating low pressure at the inlet passageway through the pump housing;

drawing lubrication fluid from a reservoir into the inlet passageway of the
pump housing;

allowing un-pressurized lubrication fluid to pass through a 1% feed channel
that connects the inlet passageway to the pumping unit;

pressurizing the lubrication fluid within the pumping unit;

forcing the pressurized lubrication fluid to pass through a 2™ feed channel to
exit the pumping unit;

allowing the pressurized lubrication fluid to flow across the face of the pump
housing into a 3" feed channel; and

delivering the pressurized lubrication fluid through the 3" feed channel to a

radial channel that is proximate to the rotating torque carrying shaft.

17.  The method according to Claim 15, wherein the step of pressurizing the

fubrication fluid utilizes a positive displacement pumping unit.

12
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