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(54) FOUR-WHEEL DRIVE TRANSMISSION

(71) We, ROCKWELL INTERNA-
TIONAL CORPORATION, a corporation
of the State of Delaware, United States of
America, having a place of business at 600
Grant Street, Pittsburgh, Pennsylvania, Un-
ited States of America, do hereby declare
the invention for which we pray that a
patent may be granted to us and the method
by which it is to be performed to be
particularly described in and by the follow-
ing statement:-

This invention relates to a drive trasfer
assembly for a four-wheel drive vehicle.

Transfer assemblies providing four-wheel
drive capability are desirable for many
vehicles which are used on rough terrain as
well as on relatively smooth surfaced road-
ways. Four-wheel drive utility vehicles are
commercially available and relatively well
known. The four-wheel drive is used pri-
marily as the vehicle is traveling. normally
at a higher rate of speed. on a surfaced
roadway.

In such vehicles the rear axle normally
serves as a primary drive axle and the front
axle serves as an auxiliary driving axle when
the wheels on the rear axle fail to provide
the desired traction. The transfer of torque
from the primary driving axle to the auxili-
ary driving axle may be effected automatic-
ally or by manual operation.

As in conventional driving axles, both the
primary and the auxiliary driving axles are
provided with differentials to accommodate
differences in the speed of rotation of the
wheels of each end of a single axle. In a
four-wheel drive vehicle. it is also necessary
to accommodate different speeds of rotation
between the wheels mounted on the primary
driving axle and the wheels mounted on the
auxiliary driving axle. Such wheel speed
differences between the axles may occur as a
result of a ditferent in the effective diameter
of the front and rear wheels due to the
vehicle load. a difference in the length of the

arcuate paths travelled by the front and rear
wheels while negotiating a turn, or by one
set of wheels spinning or stopping due to the
loss of friction or an obstacle in the path of
travel.

The inter-axle wheel speed differential
may be accommodated by the torque or
drive transfer mechanism. United States
Patents 2,331,908 and 2,105,918 to J.E.
Henningsen and A.W. Herrington, respec-
tively, both disclose a transfer case including
a gear axially movable in response to an

increase in the rotary speed of one of the .

driven axles and thereby interrupts the
four-wheel drive by disengaging a pair of
gears transmitting torque to the auxiliary
axle. Other four-wheel drive mechanisms
are disclosed in United States Patents
2.711.222, 3,295,625 and 3.481.436 respec-
tively issued to C.J. Bock, N.A. Ordorica et
al and E.A. Wilkowski.

The transfer mechanisms disclosed in the

foregoing patents involve an assembly in
which the torque is transferred from the
input to the output shatts by means of gears
mounted on an intermediate or counter-
shaft. These prior art assemblies are thus
comprised of at least three levels which are
satisfactory for mounting on many over-the-
road and off-highway vehicles having ade-
quate ground clearance to accommodate the
depending transfer case and propeller shafts
transferring torque from the case to the
drive axles. However, the size and dimen-
sions of the prior art transfer cases are such
that they are not readily adaptable to
equipment requiring a low profile such as
the vehicles utilized in underground mining
operations. ‘
Patents 3,557.634 and 3.679.016 to L.A.
Bixby disclose a differential transfer assem-
bly in which the primary and auxiliary
driving axles are driven from the same
power shaft but that design requires two sets
of drop gears. one in front and one to the
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rear of the differential, and a power shaft
traversing the differential housing.

The object of the present invention is to
provide a drive transfer assembly particular-
ly suitable for a low profile four-wheel drive
vehicle, and which is capable of operation in
the tradition combination of either a two or
four-wheel drive and can readily be adapted
for opcration as either a full four-wheel
drive or a modificd four-wheel drive in
which the available torque is delivered in
some predetermined ratio to the primary
and sccondary driving axles.

According to the invention there is pro-
vided a drive transter assembly for a vehicle
having a set of wheels on a primary driving
axle and a set of wheels on an auxiliary
driving axle, both of said axles being driv-
able from a source of power., comprising: an
input shaft adapted to be rotatably driven by
said source of power, a pinion shaft for a
primary axle differential. a drive spindle for
an auxiliary axle, said driving spindle being
axially aligned with said pinion shaft, first
and second gears respectively mounted for
rotation with said input shaft and said pinion
shaft, said first and second gears being
drivingly engaged by oppositely disposed
helical teeth. a clutch operative to drive said
drive spindle, and a third helical gear
concentric with and axially movable on a
portion of said drive spindle. the teeth of
said third helical gear being engaged by said
first helical gear and disposed to move said
third helical gear in one axial direction to
actuate said clutch when driven by said first
helical gear at a rotary speed greater than
the speed of said drive spindle.

A preferred embodiment of the invention
is now more particularly described with
reference to the accompanying drawings,
wherein:-

Figure I is a diagrammatic plan view of a
vehicle incorporating the invention:

Figure 2 is a longitudinal section taken
along the line 2-2 of Figure 1.

Figure 3 is a longitudinal section of a drive
transfer assembly of said vehicle taken along
line 3-3 of Figurce I:

Figure 4 is an enlarged view of a portion
of the drive transfer assembly of Figure 3,
and

Figure 5 is an enlarged fragmentary view,
partly in section. taken along the line 5-5 of
Figure 4.

With reference to Figures | and 2 of the
drawings. there is shown a vehicle chassis 10
supported by a rear drive axle 14 having
ground engaging wheels 5. Axle 14 is
suspended from the chassis in conventional
manner using leaf springs 16 and similar
springs 18 arc provided between a forward
steering axle 11 and the chassis.

A transmission 19 is mounted midway
between the axles 11 and 14 and delivers the

axle driving torque from a prime mover not

shown. The transmission output is ‘con-
nected by a universal joint 20 to a propeller
shaft 21. Shaft 21 is connected through a
universal joint 22 to the input side of the
rear drive axle 14.

The preferred embodiment of the inven-
tion will thus be described as applied to a
four-wheel drive vehicle in which the rear
axle serves as the primary driving axle and
the forward steering axle serves as an
auxiliary driving axle.

The rear or primary drive axle 14 com-
prises a conventional non-rotatable housing
24 having an enlarged intermediate section
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25 wherein the rear differential mechdnism

is mounted. As best shown in Figures 3 and
4, axle housing section 25 has front and rear
openings 26 and 28. A domed cover plate 29
is welded to section 25 to close the rear
opening 28. A ring 30 surrounding the
forward opening 26 is welded to the section
25 as a reinforcement ring. A forwardly
projecting housing 31 is secured over open-
g 26 by a row of studs 32.

Housing 31 and cover plate 29 enclose the
rear or primary drive axle differential
mechanism comprised of a ring gear 34 fixed
to a carrier that rotates the bevel. gear
differential unit to drive a pair of side gears
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connected to opposed code shafts 35 leading

to the ground engaging rear wheels 15. -

A drop gear housing or drive transfer case
36 is secured by means of a plurality of
machine screws 38 over an opening in the
forward end of housing 31. The housing 36
encloses the drive transfer assembly.

An input shaft 40 is rotatably mounted at
one end by a tapered roller bearing 41
seated in a projection formed integrally with
the housing 36. The other end of the shaft 40
is rotatably mounted in a tapered roller
bearing 42 seated in a retainer 44. The
bearing retainer is secured to the housing 36
by a plurality of machine screws 45 and
carries an oil seal 46 surrounding the yoke
hub 48 of the universal joint 22. The yoke
hub 48 is splined at 49 to the input shaft 40.
Between the bearings 41 and 42 the shaft 40
is integrally formed with a pinion gear 50.

The pinion gear 50 is preferably formed
with twenty left hand helical teeth 51. The
pinion gear 50 engages and drives a right
hand helical gear 52 which is splined at 54 to

the shaft 55 of the rear differential pinion

56. A thrust washer 62 abuts a nut 57
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threaded to the end of pinion shaft 55 and
limits axial movement of the helical gear 52 .

in one direction relative to the pinion shaft

55. The pinion shaft 55 is rotatably mounted .

125

by tapered roller bearings 58 and 59 seated |

in a bearing retainer 60 secured by a

plurality of machine screws 61 to the for- .

warding projecting differcntial housing 31.
The helical gear 52 abuts against the inner
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race of the tapered roller bearing 58. The
bearing 58 thus limits movement of the gear
in the other axial direction relative to the
pinion shaft 55. The nut 57 and thrust
washer 62 may be adjusted-to properly seat
the gear 52 and pinion shaft 55 against the
bearings 58 and 59.

The rear differential pinion 56 drivingly
engages the ring gear 34 of the primary
driving axle 14 to drive the rear wheels 15 in
response to rotary movement of the pintput
shaft 40, gear 50 and gear 52.

A drive spindle 64 for the front or
auxiliary drive axle 11 is rotatably mounted
at one end by means of a ball bearing 65 to
the housing 36. An annular oil seal 70 is
seated in the housing 36 and surrounds the
yoke hub 68. The auxiliary drive axle
spindle 64 is connected by the universal
joint 69 to a propeller shaft 71 connected at
its other end by a universal joint 72 to the
pinion shaft 74 of the auxiliary drive axle
differential 75.

The other end of the drive spindle 64 is
formed as an axially extending hollow cylin-
der 76 the end portion 79 of which is
received within a recess 80 formed in the
sidewall 81 of helical gear 52. The recess 80
is bounded by a pair of radially spaced
axially extending annuli 82. 84 which are
concentric with the pinion shaft 55. The end
portion 79 of drive spindle 64 is provided
with a hard surfaced annular bearing land 85
which seats against a hard surfaced bearing
land 87 provided on the radially outer
surface of annulus 82. The land 87 thus
provides a rotaty bearing support for the
hollow cylindrical end portion of the drive
spindle 64. The auxiliary drive spindle is
thus mounted in axial alignment with the
pinion shaft 55 with the driven end of the
pinion shaft telescopically received within
the hollow cylinder 76 formed at one end of
the drive spindle 64.

The drive spindle 64 is also formed with a
radially extending flange 86 and a bearing
portion 88 on the exterior surface of the
hollow cylinder 76 intermediate the flange
86 and the end portion 79. An annular
member 90 including a third helical gear
portion 91 is mounted on the drive spindle
64 by means of a hard surfaced annular land
94 sfidably received on the spindle bearing
portion 88.

The annular member 90 is formed with an
axially extending flange 95 concentric with
and spaced radially outward from the end
portion 79 of the hollow cylindrical portion
76 of drive spindle 64. The flange 95 is
concentric with the end portion 79 of the
drive spindle 64 and spindle 64 and projects
within the recess 80 of helical gear 52 where
it bears against a hard surfaced annular
bearing land 96 provided to the interior
surface of the annulus 84 of gear 52. The

interfacing surfaces of the flange 95 and the
end portion 79 of the drive spindle 64 are
respectively splined at 98 and 99. A
A multiple disc friction clutch generally
designated by the numeral 100 is provided in
the recess 80 between the flange 95 and the
end portion 79 of the drive spindle 64. The
friction clutch is comprised of a plurality of

axially movable annular metal discs 101, 102

disposed between a pair of axially movable

pressure plates 104 and 105. The pressure
plates 104, 105 and alternate clutch discs 101
are provided with tabs 106 around their

respective outer peripheries. The tabs 106,
as best shown in Figure 5, are received in
the spaces between the splines 98 provided
to the internal surface of the flange 95 of
annular member 90. The tabs 106 are
slightly smaller than the spaces between the
splines 98 thereby permitting the pressure

plates 104, 105 and clutch discs 101 to move -
relative to the axis of the annular member

90 and drive spindle 64 while securing the
pressure plates and clutch discs 101 against
rotation relative to the member 90.

The clutch discs 102 intermediate the
pressure plates 104, 105 and the clutch discs
101 are provided with tabs 108 integrally
formed around their inner peripheries. The
tabs 108 are received in the spaces between
the splines 99 provided to the end portion 79
of the drive spindle 64. The tabs 108 are
slightly smaller than the spaces between the
splines 99 thereby permitting the clutch
discs 102 to move relative to the axis of the
drive spindle 64 while restraining the disc
égz against rotation relative to the spindle

The surfaces of the clutch discs 102 which
are disposed opposite the surfaces of the
pressure plates 104, 105 and alternate clutch
discs 101 are preferably provided with a
friction lining material. A sintered bronze
friction material may be bonded to the

oppositely disposed clutching surfaces of the

annular metal discs 102 or any of a number
of other friction materials may be em-
ployed. .

The clutch discs 101 and 102 are freely
axially movable within the spaces provided
between the splies 98 and 99. such move-
ment being limited by the pressure plates
104. 105. Axial movement of the pressure
plates 104, 105 is limited at one end by
annular member 90 which.in turn, abuts the
radial flange 86 of drive spindle 64 and at
the other end by an axially extending
projection 83 intermediate the annuli 82. 84
of helical gear 52. A snap ring 109 seated in
a groove 110 cut through the splines 93
retains the clutch discs and pressure plates
against displacement from the annular
member 90 and the drive spindle 64 when
the clutch is removed trom the recess 80 of
helical gear 52.
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The annular member 90 is provided with a
plurality of circumferentially spaced bores
111 mounting a plurality of springs 112. The
springs 112 provide an axially directed
biasing force between the annular member
90 and pressure plate 104 of the disc clutch
100. The springs 112 bias the annular
member 90 in the direction of the flange 86
of drive spindle 64 and the pressure plate
104 in the direction of the projection 83
abutting the clutch disc or pressure plate 105
at the other axial end of the clutch 100.
Although the size and number of bores 111
and springs 112 will be determined by the
specifications for a particular drive transfer
assembly, six or eight bores 111 containing
an cquivalent number of springs are consi-
dered adequate for the disclosed embodi-
ment. As will be described more fully
herebelow, the size or biasing force of the
springs will depend more fully herebelow,
the size or biasing force of the springs will
depend upon the manner in which the drive
transfer assembly is intended to operate in
the clutch disengaged condition for a parti-
cular application.

The transfer case housing 36 is a sealed
assembly containing a pool of lubricant
distributed by movement of the gears and
other rotating components of the drive
transfer assembly. A plurality of lubricant
passages 114 are circumferentially spaced
around the helical gear 53 between the
projection 83 and annulus 84 to facilitate the
flow of lubricant from the area around the
bearing 58 to recess 80 within which the disc
clutch 100 is nested between the annular
member 90 and the end portion 79 of the
drive spindle 64. In a similar manner. a
plurality of circumferentially spaced lubrica-
tion passages 115 are provided through the
drive spindle 64 radially inwardly of the
radially extending flange 86 to facilitate the
flow of lubricant between the area sur-
rounding the bearing 65 and the hollow
cylindrical portion 76 of drive spindle 64.

The disc clutch 100 is actuated by the
annular member 90. The helical gear por-
tion 91 is. like helical gear 52, provided with
a plurality of right hand helical teeth 92
engaged with the left hand helical teeth 51
of pinion gear 50. However. the helical gear
portion 91 of the clutch actuating annular
member 90 is provided with onc more gear
tooth than the helical gear 52. A satisfactory
speed reduction is obtained in the disclosed
embodiment by making the helical gear 52
with twnety-seven tecth and the helical gear
portion 91 of annular member 90 with
twenty-cight teeth. By reason of this step
down gearing. the pinion shaft 55 is normal-
ly drive at a faster speed than the annular
member 90. In normal operation. if the disc
clutch 100 is disengaged. the torque delivery
from the transmission will be transferred

from the first helical gear 50 to the second
helical gear 52 and pinion shaft 55 where it
drives the rear axle differential and ground
engaging wheels 16. In normal operation,
the front wheels 12 travel at the same speed
as the rear wheels 15. The front wheel speed
is transmitted back through the auxiliary
drive axle differential 75 and priopeller shaft
71 to the drive spindle 64 where the clutch
discs 102, although not fully engaged with
the clutch discs 101, normally rotate at a
il(i)%htly higher speed than the clutch discs

However, should either of the rear wheels
15 begin to slip, the additional torque

delivered from the transmission 19 will

rotate the helical gear 52 at a faster rate of
speed than the front wheels are rotating the
drive spindle 64. Additional torque will
overcome the force of springs 112 biasing
the annular clutch actuating member 90 in
the axial direction of flange 86 (to the left as
viewerd in Figure 4) and, due to the
inclination of the helical teeth 51 and 92,
will shift the annular member 90 in the
opposite axial direction (to the right as
viewed in Figure 4) along the bearing
portion 88 of drive spindle 64. As the clutch
actuating member 90 is displaced it will
exert a force on the pressure plate 104 and
compress the plurality of clutch discs 101
and 102 against the pressure plate 105
abutting the annular projection 83. The disc
clutch 100 is thereby engaged and a portion
of the driving torque delivered from the
transmission 19 is transferred from the rear

drive axle 14 to the auxiliary front drive axle -

11 by means of the clutch 100 drivingly
engaging the driven annular member 90
with the auxiliary drive spindle 64. The
clutch 100 will remain engaged until the rear
wheels 19 regain traction and drive the front
wheels at the same ground engaging speed.

As previously pointed out. the size or
biasing force of the springs 112 depend upon

the manner in which the drive transfer -

assembly is intended to operate in the clutch
diengaged condition for a particular applica-
tion. If the desired operation is a conven-
tional four-wheel drive. then the size or
biasing force of the springs 112 shall be
selected to be adqueate to offset the lateral
thrust applied to the annular member 90 by
the teeth 51 of the helical gear 50 without
engagement of the clutch when the drive
spindle 64 is driven by the front wheels 12 at
a slightly lower speed than the pinion shaft

55. With such a selection of springs 112. the

drive transfer assembly will normally oper-
ate as a two-wheel drive providing a power
train to the primary drive axle assembly and
the disc clutch will automatically engage
upon slippage of the rear wheels to transfer
a portion of the available torque to the
auxiliary drive axle assembly.
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The drive transfer assembly is also cap-
able of operating as a modified four-wheel
drive in which the available torque is nor-
mally delivered in some predetermined ratio
to both the primary and seconday drive axle
assemblies by partial engagement of the
clutch and then, in the event of slippage of
the rear wheels, the disc clutch will become
fully engaged to increase the amount of
torque delivered to the auxiliary drive axle.

In this modified form of operation the size

and biasing force of the springs 112 is
selected so that the lateral thrust applied to
the annular member 90 by the teeth 51 is
transmitted to pressure plate 104 and thus
maintains the clutch discs 101 and 102 partly
engaged at all times. The difference in force
may be selected to provide the percentage
of the available torque which is desired to be
continually provided to the auxiliary drive
axle.

The drive transfer assembly hereinabove
described and as shown by Figure 2 is
particularly adaptable to a low profile vehi-
cle. This is due to the two level trasfer
assembly in which the input or first helical
gear is mounted for rotation about one axis
and the output shafts are mounted for
rotation about the same axis by the second
and third helical gears with the disc clutch
nested therebetween. This provides a highly
efficient, very compact arrangement in
which adequate provision is made for lubri-
cating all of the moving parts and the
assembly may be easily mounted to the
forward opening of a primary drive axle
differential housing. The disc clutch also
permits slippage between ‘the driving and
driven discs to accommodate different
speeds of rotation between the wheels
mounted on the primary driving axle and
the wheels mounted on the auxiliary driving
axle.

WHAT WE CLAIM IS:-

1. A drive transfer assembly for a vehi-
cle having a set of wheels on a primary
driving axle and a set of wheels on an
auxiliary driving axle. both of said axles
being drivable from a source of power.
comprising:

an input shaft adapted to be rotatably
driven by said source of power,

a pinion shaft for a primary axle ditferen-
tial.

a drive spindle for an auxiliary axle. said
driving spindle being axially aligned with
said pinion shaft.

first and second gears respectively
mounted for rotation with said input shaft
and said pinion shaft,

said first and second gears being drivingly
engaged by oppositely ‘disposed helical
teeth, ‘

" a clutch operative to drive said drive
spindle. and

a third helical gear concentric with and
axially movable on a portion of said drive
spindle, the teeth of said drive spindle. the
teeth of said third helical gear being en-

gaged by said first helical gear and disposed .

to move said third helical gear in one axial

direction to actuate said clutch when driven .

by said first helical gear at a rotary speed

greater than the speed of said drive spindle..

2. The drive transfer assembly defined
by Claim 1 wherein said drive spindle is
integrally formed with a radially extending
flange and an axially extending hollow
cylinder, said third helical gear is slidably
received on a portion of the exterior surface
of said hollow cylinder, said third helical
gear is slidably received on a portion of the
exterior surface of said hollow cylinder
adjacent said radially extending flange, said
third helical gear is formed with an axially
extending flange concentric with and spaced
radially outward from a second portion of
said hollow cylinder and said second portion
of said hollow cylinder and said radially
spaced flange are spaced radially outward
from said pinion shaft and received for
rotary bearing support within a recess pro-
vided to said second helical gear.

3. The drive transfer assembly defined
by Claim 1 or 2 wherein said clutch is
comprised of a plurality of axially movable
discs provided between said second portion
of aid hollow cylinder and said radially
spaced flange, alternate one of said plurality
of discs are fixed against rotation to said
radially spaced flange and intermediate ones
of said plurality of discs are fixed against

rotation to said radially spaced flange and °

intermediate ones of said plurality of discs
are fixed against rotation relative to said
second portion of said hollow cylinder, and

means biasing said third helical gear away

from said plurality of discs in a direction
opposite to said one axial direction.

4. The drive transfer assembly defined
by Claim 2, or Claim 3 so far as dependent
on claim 2 wherein said recess provided to
said second helical gear is bounded by a pair
of radially spaced axially extending annuli
concentric with said pinion shafts. means
intermedial said pairs of radially spaced
axially extending annuli and abutting a disc
at one axial end of said plurality of discs. a
recess provided in a surace of said. third
helical gear opposite the disc at the other
axial end of said plurality of discs, and
means disposed in said recess biasing said
third helical gear away from said plurality of
discs toward said radially extending flange.

5. A drive transfer assembly substantial-
ly as hereinbefore described with reference
to and as shown in the accompanying
drawings.

6. A vehicle including a drive transfer
assembly or a clutch according to any one of
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the preceding claims.

SHAW BOWKER & FOLKES,
Chartered Patent Agents,
5 St. Martin’s House,
Bull Ring,
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Agents for the Applicants.
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