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(54) Abstract Title: Lubrication system in a transmission housing and transfer case
(57) A driveline for a four-wheel drive motor vehicle includes a power transmission housing 14 having a first

oil sump 112 and a transfer case (16, fig 2B) having a second oil sump (110) A lubrication pump 120
supplies oil from the first sump 112 to a lubrication circuit located in the transfer case (16) and a scavenge
pump 118 supplies oil from the second sump (110) to a lubrication circuit in the transmission housing 14.
Both of the pumps 118, 120 are connected to a common output shaft (80) from the driveline. The shaft (80)
drives the wheels of the motor vehicle and receives reverse torque from the wheels when the vehicle is

being towed, thus when the vehicle is being towed the shaft (80) drives the pumps 118, 120 which supply
lubricating oil, via the lubrication circuits and sumps, to the transmission housing 14 and the transfer case

(16).
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2408082

A TRANSMISSION AND TRANSFER CASE HAVING
AN INTEGRATED LUBRICATION SYSTEM

This invention relates to a driveline that directs
power to forward and rear axles and, in particular, it
relates to a lubrication system for a transmission and

transfer case.

A conventional motor vehicle equipped with an automatic
transmission should be towed with its drive wheels out of
contact with the ground, preferably with the vehicle
supported on a tow truck or with the drive wheels supported
and the non-driven wheels on the ground. A similar
requirement applies also to a vehicle having an automatic
transmission and a transfer case. If the vehicle were towed
with the drive wheels on the ground, certain transmission
and transfer case components would be driven in rotation by
reverse torque from the drive wheels. With the engine
stopped, the transmission pump cannot supply lubrication
fluid to rotating components of the transmission. In order
to avoid damage to these components due to lack of
lubrication to the rotating components, the distance and
speed at which such a vehicle can be towed with the drive
wheels in contact with the ground is limited. Frequently
there is a need for such vehicles to be towed long distances
at highway speed with all the wheels contacting the road

surface.

A transfer case usually includes a planetary gear set
for producing either a "high" range, in which the transfer
case output is driven at the same speed as the input, or a
"low" range, in which the output is driven slower than its
input speed. The 4X2 and 4X4 states of the transfer case
are usually selected or controlled manually by the vehicle
operation by operating a lever or switch. At a first
position of the selector, the planetary gear set of the
transfer case directs power from the transmission output to
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a front drive axle. At a second position of the selector,
the transfer case directs power to both a front drive axle

and a rear drive axle, the 4X4 drive mode.

The oil sump of a transfer case may fill with
transmission fluid used to lubricate critical rotating
components and to operate the hydraulically actuated
clutches and brakes. Typically there is no gravity feedback
of 0il to the transmission sump from the transfer case sump
because the transfer case sump is located at a lower
elevation than the transmission sump, or because the
hydraulic path between them is obstructed to fluid flow.

Yet it is desirable to improve the fuel economy and
function of a vehicle equipped with a driveline having a
transfer case and an automatic transmission by reducing
hydraulic drag losses in the driveline caused by passing
rotating components through fluid contained in a transfer
case oil sump. A drive mechanism for transmitting power
from the output shaft of the transfer case to the forward
drive shaft typically rotates with an output sprocket wheel
and chain moving in the sump. By operating with the level
of 0il in the sump at a low level or with a dry sump, the
fuel economy of the vehicle can be improved by avoiding

hydraulic drag losses.

In order to improve fuel economy it is desirable that
the sump of the transfer case be drained continually and its
contents be used to supply lubrication fluid to the
transmission. Furthermore it is desirable that fluid that
collects in the transmission oil sump be supplied to
lubricate the transfer case.

It is an object of the invention to provide an improved

system for lubricating driveline components.
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According to a first aspect of the invention there is
provided a system for lubricating components of a drive line
adapted to drive the wheels of a motor vehicle, the system
comprising a first lubrication circuit, a second lubrication
circuit, a first sump for containing hydraulic fluid, a
second sump for containing hydraulic fluid, a first pump
hydraulically connected to the first sump and the first
lubrication circuit and a second pump hydraulically
connected to the second sump and the second lubrication
circuit wherein the first and second pumps are driven by a

common output.

The system may further comprise a power transmission
having a housing and a power output and a transfer case
including the second sump and adapted to provide a drive
connection between the power output from the power
transmission and the common output wherein the common output
is arranged to provide a driveable connection to at least

one driven wheel.

The first lubrication circuit and the first pump may be

located in the transfer case.

The first lubrication circuit may be located at least

partially in the transfer case.

The second lubrication circuit may be located at least
partially in the transmission housing.

The first pump and second pump may be located in the

" transfer case, the first lubrication circuit may be located

at least partially in the transfer case and the second
lubrication circuit may be located at least partially in the

transmission housing.

The first pump may be arranged to pump fluid from a

first sump located in the power transmission housing through
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the first lubrication circuit to provide lubrication to
components located in the transfer case and the second pump
may be arranged to pump oil from a second sump located in
the transfer case through a second lubrication circuit to

components located in the power transmission housing.

The system may further comprise a second output, a
transfer drive mechanism driveably connected between the
power output and the second output wherein, at least a
portion of the drive mechanism is located in relation to the

second sump for movement through the fluid stored therein.

The system may further comprise a clutch having a first
set of friction elements driveably connected to the common
output and a second set of friction elements adapted
driveably to engage and disengage the first set of friction
elements, the clutch alternately driveably connecting and
disconnecting the common output with a second output and the
first lubrication circuit further comprises fluid passages
hydraulically connecting the lubrication pump to the first
set of friction elements and the second set of friction

elements.

The system further comprise a gearset including a sun
gear, a ring gear, a carrier and a set of planet pinions
supported for rotation on the carrier, each pinion in
meshing engagement with the sun gear and ring gear and
journalled on a stub shaft supported on the carrier and the
first lubrication circuit further comprises fluid passages
hydraulically connecting the lubrication pump to at least a

portion of the components of the gearset.

The system may further comprise a bearing supporting
the common output on the transfer case and the first
lubrication circuit further comprises fluid passages
hydraulically connecting the lubrication pump to the

bearing.
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The system may further comprise a balance dam and the
first lubrication circuit further comprises fluid passages
hydraulically connecting the lubrication pump to the balance
dam.

The system may further comprise a second output, a
transfer drive mechanism including a first sprocket wheel
journalled for rotation on the first output, a second
sprocket wheel spaced from the first sprocket wheel and
secured to the second output and a drive chain driveably
engaged with the first sprocket wheel and second sprocket
wheel and located in relation to the second sump for

movement through the fluid stored therein.

The first pump may be a lubrication pump and the second

pump is a scavenge pump

According to a second aspect of the invention there is
provided a method for supplying lubrication to a
transmission housing and to a transfer case, the
transmission and transfer case each having a sump for
containing hydraulic fluid, the transfer case having an
output adapted to provide a drive connection to at least a
first set of driven wheels, the method comprising the steps
of driveably connecting a first pump and a second pump to
the output, defining a first lubrication circuit for
carrying lubrication fluid in the transfer case, defining a
second lubrication circuit for carrying lubrication fluid in
the transmission housing, hydraulically connecting the first
pump to the transmission sump and to the first lubrication
circuit and hydraulically connecting the second pump to the
transfer case sump and to the second lubrication circuit.

The step of defining a first circuit may further

comprise the step of establishing fluid passages connecting
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the first pump and a bearing located in the transfer case

for supporting the output on the transfer case.

The step of defining a first circuit may further
comprise the step of establishing fluid passages connecting
the first pump and a clutch located in the transfer case for
alternately driveably connecting and disconnecting the
output and a second output.

The step of defining a first circuit may further
comprise the step of establishing fluid passages connecting
the first pump and a balance dam located in the transfer

case.

The step of defining a second circuit may further
comprise the step of establishing fluid passages connecting
the second pump and a surface supporting rotating components

located in the transmission housing.

It is an advantage of this invention that oil in the
sump of the transfer case is continually carried away from
the sump so that the sump runs virtual dry, thereby reducing
or eliminating the drag losses associated with the
components rotating through the oil located in the transfer

case sump.

It is yet another advantage that a vehicle driveline
according to this invention has lubrication circuits in the
transfer case and transmission case that supply lubrication
fluid to components that rotate while the vehicle is being
towed with any of its drive wheels in contact with the

ground.

The invention will now be described by way of example

with reference to the accompanying drawing of which:-



10

15

20

25

30

35

Figure 1 is a top view of a motor vehicle driveline
having a transmission, transfer case, and drive shafts

extending to the front wheels and rear wheels; and

Figures 2A and 2B are left-hand and right-hand
portions, respectively, of a cross sectional side view
showing an integrated transfer case and automatic

transmission, to which this invention is applied.

Referring first to Figure 1, the powertrain of a motor
vehicle, to which the present invention can be applied,
includes front and rear wheels 10, 12, a power transmission
14 for producing multiple forward speed ratios and reverse
drive, and a transfer case 16 for driveably connecting the
transmission output to a rear drive shaft 18 when a two-
wheel drive operating mode is selected and for concurrently
connecting the transmission output to both the front drive
shaft 20 and rear drive shaft 18 when a four-wheel-drive
mode of operation is selected. Shaft 18 transmits power to
a rear wheel differential mechanism 22, from which power is
transmitted differentially to the rear wheels 12 through
axle shafts 24, 26, which are contained within a
differential housing. The front wheels are driveably
connected to right-hand and left-hand axle shafts 32, 34, to
which power is transmitted from the front drive shaft 20
through a front differential 36.

Referring now to Figures 2A and 2B, the output shaft 38
of the transmission is drivable connected through a spline
40 to a radial arm 42 that rotates about the axis 44 fixed
to the ring gear 46 of a planetary gear set 48, located in
the transfer case 16. The planetary gear set 48 further
includes a sun gear 50, which is in continuous meshing
engagement with a set of planet pinions 52, which are
supported for rotation on a stub shaft 54, supported on a
carrier 56. Each of the planet pinions 52 is in continuous

meshing engagement with sun gear 50 and ring gear 46.
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Sun gear 50 is driveably connected to a drum 58,
located between a high range clutch 60 and a low range brake
62. Drum 58 provides a surface surrounding an arrangement
of alternating friction discs and spacer plates. The spacer
plates are joined by a spline to the inner surface of drum
58; the friction discs are splined to the outer surface of a
drum 64, which is driveably connected to carrier 56. Clutch
60 is engaged when pressurized hydraulic fluid is supplied
to a cylinder, causing piston 66 to move rightward, thereby
forcing the friction discs and spacer plates into mutual
frictional driving contact. When this occurs clutch 60 is
engaged and a drive connection is established through the

clutch between sun gear 50 and carrier 56.

Friction discs of brake 62 are engaged by a spline
formed on the outer surface of drum 58, and those discs are
arranged alternately with spacer plates, which are splined

to the inner surface of the transfer case 16.

A valve body 70 provides a radially directed wall of a
hydraulic cylinder 72, which when pressurized with hydraulic
fluid forces piston 74 to move rightward, thereby producing
a drive connection through brake 62 between drum 58 and the
transfer case 68. When brake 62 is engaged, sun gear 50 is
held against rotation on case 16.

When high range clutch 60 is engaged and brake 62 is
released, the carrier 56 of planetary gear set 48 rotates at
the same speed as transmission output shaft 38 because sun
gear 50 and carrier 56 are driveably connected together and
rotate at the same speed. This produces the "high" range of
operation of the transfer case.

The planetary gear set is controlled to produce also a
"low" operating range by engaging brake 62 and disengaging
brake 60. Then brake 62 holds sun gear 50 against rotation
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and provides a torque reaction on the transfer case 16, ring
gear 46 is driven at the speed of transmission output shaft
38, and carrier 56 is driven at a slower speed than the
speed of shaft 38.

The output of planetary gear set 48, which is carrier
56, is driveably connected through a drum 76 to the transfer
case output shaft 80. Rear drive shaft 18 is continually
driveably connected to shaft 80. Drum 76 is fixed to an
element of 4X4 clutch 82, which includes spacer plates and
friction discs arranged alternately and splined,
respectively, to a drum 84 and to a component 86, which is
fixed to a sprocket wheel 88. Sprocket 88 is rotatably
supported about the axis 44 and formed with external
sprocket teeth that are driveably engaged by a drive belt or
chain 90. A stub shaft 92, rotatably supported on the
transfer case by bearings 94, 95, rotatably supports a
output sprocket wheel 96, formed with external sprocket
teeth 98, engaged by drive chain 90. The chain drive
mechanism transmits power between output shaft 80 and shaft
92 when clutch 82 is engaged, thereby driveably connecting
sprocket wheel 88 and carrier 56.

Shaft 80 is formed with a flange, adapted for
connection to rear drive shaft 18, which is connected
through rear axle differential 22 to the rear wheels 12 of
the vehicle. Shaft 92 is formed with a yolk 100 adapted to
be connected to front drive shaft 20, which transmits power
through front axle differential 36 to the front drive wheels
10 of the vehicle.

The friction discs and spacer plates of the servo that
actuates clutch 82 are mutually frictionally engaged to
produce a drive connection between carrier 56 and sprocket
wheel 88 when pressurized hydraulic fluid is applied to the
hydraulic cylinder within which piston 102 is located. When
the clutch 82 is engaged, the piston 102 moves rightward
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thereby producing a releasable drive connection between
drums 84 and 86 and thereby driveably connecting carrier 56
and output sprocket wheel 88. When hydraulic pressure is
vented from clutch 82, the clutch disengages and power is
transmitted from carrier 56 through drum 76 directly to
shaft 80.

The transfer case 16 contains a hydraulic fluid or oil
sump 110, where hydraulic transmission fluid can accumulate
at a relatively low elevation of the transfer case. Fluid
that accumulates there passes first through a lubrication
circuit in the transfer case and then by the effect of
gravity to sump 110. The lubrication circuit supplies
relatively cool transmission fluid to lubricate surfaces of
the transfer case that rotate both when the engine is
producing power and driving the wheels and when the drive
wheels are driving the transfer case output. When the
vehicle is off and the vehicle is being towed with its drive
wheels contacting the ground, the lubrication circuit in the
transfer case supplies lubrication fluid to surfaces that

support rotating components of the transfer case 16.

Similarly transmission case or housing 14 contains a
transmission oil sump 112 where transmission fluid
accumulates at a relatively low elevation by gravity feed
from the portions of the transmission located higher than
sump 112.

A sleeve shaft 114 surrounds the transmission output
shaft 38 and is drivable connected through a spline 116 to
carrier 56. Carrier 56 is continually secured to output
shaft 80 and to sleeve shaft 114. Shaft 114 drives rotating
elements of two hydraulic pumps, scavenge pump 118 and
lubrication pump 120. Preferably pumps 118 and 120 are G-

rotor pumps.
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The inlet of scavenge pump 118 is hydraulically
connected through passages to sump 110. Pump 118 has an
output 122, which is connected by a radially directed
passage 124 to an axial passage 126 formed in transmission
output shaft 38 and an intermediate shaft 127. Passage 126
supplies hydraulic fluid from pump 118 through various axial
and radial passages 128, 130, 132 to the bearings and
support surfaces of rotating components located in the
transmission case 14. 1In this way hydraulic fluid is
continually drawn from the transfer case sump 110 and is
supplied by pump 118 to a lubrication circuit located in the
transmission case. Pump 118 is driven continually by
positive engine torque or, when the engine is stopped, by

negative torque from the rear drive wheels.

Lubrication pump 120 continually draws hydraulic fluid
from the transmission sump 112 and supplies relatively cool
transmission fluid for lubrication purposes to a lubrication
circuit located in the transfer case 68. Fluid from sump
112 flows through passages 140, 142 to the inlet of
lubrication pump 120, located adjacent scavenge pump 118 and
also driven by sleeve shaft 114. The outlet 144 of pump 120
is hydraulically connected through passages 146, 148, 150 to
various radial and axial passages that lead to components of
the transfer case. Radial passage 148 directs lubricating
fluid to the friction discs and spacer plates of clutch 60
and brake 62, through axial passage 158 to balance dam 160,
and through axial passage 162 to carrier 56 and stub shaft
54. Radial passage 164 directs lubrication fluid to balance
dam 166 and to the discs and spacer plates of clutch 82.
Axial passage 168 and radial passage 170 carry lubrication
fluid to the bearing 172 that supports output shaft 80 on

case 16.

Sleeve shaft 114 and pumps 118, 120 are continually
driven by the transmission output shaft 38 when power is
being transmitted from the engine through the transmission
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and transfer case to the drive wheels of the vehicle. When
the engine is off and the vehicle is being towed with its
drive wheels in contact with the ground, sleeve shaft 114 is
driven by output shaft 80, through carrier 56, ring gear 46
and spline 40. In either of these two conditions, sleeve
shaft 114 is continually rotating and drives pumps 118 and
120. Therefore, the lubrication circuits in the
transmission and transfer case are continually supplied with
fluid from sumps 110, and 112.

Preferably a solenoid-operated valve discontinues
lubrication fluid flow to the 4X4 on-demand clutch 82 from
pump 120 during operation of the transfer case in the 4X2
mode. Further, the flow of lubrication fluid from pump 120
to the transfer case components is not a steady stream but
instead is pulsed at short intervals sufficient to supply

adequate flow rate in order to reduce the pump load.

It will be appreciated by those skilled in the art that
although the invention has been described by way of example
with reference to a number of specific embodiments it is not
limited to these embodiments and that various alternative
embodiments or modifications to the disclosed embodiments
could be made without departing from the scope of the

invention.
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CLAIMS

1. A system for lubricating components of a drive
line adapted to drive the wheels of a motor vehicle, the
system comprising a first lubrication circuit, a second
lubrication circuit, a first sump for containing hydraulic
fluid, a second sump for containing hydraulic fluid, a first
pump hydraulically connected to the first sump and the first
lubrication circuit and a second pump hydraulically
connected to the second sump and the second lubrication
circuit wherein the first and second pumps are driven by a

common output.

2. A system as claimed in claim 1 the system further
comprising a power transmission having a housing and a power
output and a transfer case including the second sump and
adapted to provide a drive connection between the power
output from the power transmission and the common output
wherein the common output is arranged to provide a driveable

connection to at least one driven wheel.

3. A system as claimed in claim 2 wherein the first
lubrication circuit and the first pump are located in the
transfer case.

4. A system as claimed in claim 2 wherein the first
lubrication circuit is located at least partially in the

transfer case.

5. A system as claimed in claim 2 or in claim 3
wherein the second lubrication circuit is located at least

partially in the transmission housing.
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6. A system as claimed in claim 2 wherein the first
pump and second pump are located in the transfer case, the
first lubrication circuit is located at least partially in
the transfer case and the second lubrication circuit is

located at least partially in the transmission housing.

7. A system as claimed in claim 2 wherein the first
pump is arranged to pump fluid from a first sump located in
the power transmission housing through the first lubrication
circuit to provide lubrication to components located in the
transfer case and the second pump is arranged to pump oil
from a second sump located in the transfer case through a
second lubrication circuit to components located in the

power transmission housing.

8. A system as claimed in any of claims 2 to 7
further comprising a second output, a transfer drive
mechanism driveably connected between the power output and
the second output wherein, at least a portion of the drive
mechanism is located in relation to the second sump for
movement through the fluid stored therein.

9. A system as claimed in any of claims 2 to 8
wherein the system further comprises a clutch having a first
set of friction elements driveably connected to the common
output and a second set of friction elements adapted
driveably to engage and disengage the first set of friction
elements, the clutch alternately driveably connecting and
disconnecting the common output with a second output and the
first lubrication circuit further comprises fluid passages
hydraulically connecting the lubrication pump to the first
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set of friction elements and the second set of friction

elements.

10. A system as claimed in any of claims 2 to 9
wherein the system further comprises a gearset including a
sun gear, a ring gear, a carrier and a set of planet pinions
supported for rotation on the carrier, each pinion in
meshing engagement with the sun gear and ring gear and
journalled on a stub shaft supported on the carrier and the
first lubrication circuit further comprises fluid passages
hydraulically connecting the lubrication pump to at least a

portion of the components of the gearset.

11. A system as claimed in any of claims 2 to 10
wherein the system further comprises a bearing supporting
the common output on the transfer case and the first
lubrication circuit further comprises fluid passages
hydraulically connecting the lubrication pump to the

bearing.

12. A system as claimed in any of claims 2 to 11
wherein the system further comprises a balance dam and the
first lubrication circuit further comprises fluid passages
hydraulically connecting the lubrication pump to the balance
dam.

13. A system as claimed in any of claims 2 to 12
wherein the system further comprises a second output, a
transfer drive mechanism including a first sprocket wheel
journalled for rotation on the first output, a second
sprocket wheel spaced from the first sprocket wheel and
secured to the second output and a drive chain driveably

engaged with the first sprocket wheel and second sprocket
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wheel and located in relation to the second sump for

movement through the fluid stored therein.

14. A system as claimed in any of claims 1 to 13
wherein the first pump is a lubrication pump and the second

pump is a scavenge pump

15. A method for supplying lubrication to a
transmission housing and to a transfer case, the
transmission and transfer case each having a sump for
containing hydraulic fluid, the transfer case having an
output adapted to provide a drive connection to at least a
first set of driven wheels, the method comprising the steps
of driveably connecting a first pump and a second pump to
the output, defining a first lubrication circuit for
carrying lubrication fluid in the transfer case, defining a
second lubrication circuit for carrying lubrication fluid in
the transmission housing, hydraulically connecting the first
pump to the transmission sump and to the first lubrication
circuit and hydraulically connecting the second pump to the
transfer case sump and to the second lubrication circuit.

16. A method as claimed in claim 15 wherein the step
of defining a first circuit further comprises the step of
establishing fluid passages connecting the first pump and a
bearing located in the transfer case for supporting the

output on the transfer case.

17. A method as claimed in claim 15 or in claim 16
wherein the step of defining a first circuit further
comprises the step of establishing fluid passages connecting
the first pump and a clutch located in the transfer case for
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alternately driveably connecting and disconnecting the

output and a second output.

18. A method as claimed in any of claims 15 to 17
wherein the step of defining a first circuit further
comprises the step of establishing fluid passages connecting
the first pump and a balance dam located in the transfer
case.

19. A method as claimed in any of claims 15 to 18
wherein the step of defining a second circuit further
comprises the step of establishing fluid passages connecting
the second pump and a surface supporting rotating components

located in the transmission housing.

20. A system substantially as described herein with

reference to the accompanying drawing.

21. A method substantially as described herein with

reference to the accompanying drawing.
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