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25,269
AXTE MECHANMISM
Chester D. Christie, Shaker Heights, Ghio, assignor {o
Eaton Manofaciuring Company, Cleveland, Ohio, a
corporation of Oiie
QOriginail Ne. 3,600,456, dated Sept. 12, 1961, Ser. No.
773,216, Nov. 12, 1958, Application for reissue Dec.
20, 1961, Ser. No. 161,350
8 Claims. (CL 180—22Z)

Matter enclosed in heavy brackets £ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in ifalics indicates the additions
made by reissue.

This invention relates to axle mechanisms for vehicles
and, more particularly, to axle mechanisms of the kind
comprising a plurality of drivng axles and which mech-
anisms are sometimes referred to as tandem axles.

An object of this invention is to provide an axle mech-
anism comprising a plurality of driving axles and em-
bodying a novel consiruction of a very serviceable and
highly practical form.

Another object is to provide such an axle mechanism
comprising a pair of driving axles and a power divider or
inter-axle differential, and wherein the inter-axle differen-
tial is of a novel construction and contributes materially
to a smoother and more reliable functioning of the axle
mechanism.

Other objects and advantages of this invention will be
apparent in the following detailed description and in the
accompanying drawings forming a part of this specifica~
tion and in which, .

FIG. 1 is a partial front elevation of an axle mech-
anism embodying this invention and comprising multiple
driving axles;

FIG. 2 is a longitudinal vertical section taken through
one axle of the mechanism, the view being taken sub-
stantially as indicated by section line 2—32 of FIG, 1;

FIG. 3 is a plan view of a diagrammatic form which
further illustrates the axle mechanism of FIGS. 1 and 2;
and

FIG. 4 is an elevational view of a diagrammatic form
and representing a projection-view showing of power in-
put gearing of the rear axle of the mechanism, when
viewed as indicated by the directional line 4—4 of FIG. 3.

For purposes of disclosure of the present invention, the
accompanying drawings show an axle mechanism ¢ for
a vehicle and which comprises a plurality of driving
axles, in this instance two such axles 11 and 12 disposed
in a tandem arrangement, and of which the axle 11 is
the front axle and the axle 12 is the rear axle. Each of
the axles is provided with a suitable housing 13 for con-
taining - the mechanism by which driving torque is sup-
plied to the traction wheels of the vehicle.

The rear axle 12 is of a conventional construction
throughout and need be described only to the extent of
pointing out the general arrangement and main compo-
nents thereof. The front axle 11 is illusirated in
greater detail in FIG. 2 and embodies novel features and
characteristics which distinguish the axle mechanism 1
over the prior art, as will be explained hereinafter.

The rear axle 12 comprises, in ‘addition to the housing
thereof, a pair of transversely aligned axle shafts 14 and
15 rotatable about a common axis, as represented in FIG.
3, and by which driving torque is delivered to traction
wheels associated with the rear axle. The rear axle 12
also includes power input gearing comprising a ring gear
16 and a driving pinion 17 co-operating with the latter.
Additionally, the axle 12 comprises a differential 18 of a
conventional construction and through which the driv-
ing torque is supplied to the axle shafts 14 and 15.

The co-operating gears 16 and 17 of the rear axle 12
are preferably bevel gears and are here shown as being
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of the spiral bevel type. The drive pinion 17 is connected
with power input shaft means 19 which extends to the
rear axle 12 from the front axle i1 and is located on
the side of the ring gear 1¢ facing toward the axle shaft
15 as is represented in FIG. 3 of the drawing. The spiral
bevel character of the gears 16 and 17 and the location of
the drive pinion on the left-hand side of the ring gear,
as shown in FIG. 3, are conventional in vehicle driving
axles.

The front axle 11 comprises, in addition to the hous-
ing 13, a pair of axle shafts 22 and 23 located in a trans-
versely aligned relation and rotatable about a common
rotation axis 24. The front axle 11 also includes a dif-
ferential 25 of a conventional construction and by which
the driving torque is delivered to the axle shafts 22 and
23 for propelling the traction wheels associated with the
latter. Additionally, the front axle 11 comprises a ring
gear 26 and a drive pinion 27 in meshed engagement with
the latter. The tooth characteristics of the ring and pin-
ion gears 2§ and 27, and the location of the pinion rela-
tive to the ring gear, are important features of the pres-
ent invention and will be described hereinafter.

The differential 25 comprises side gears 28 fixed on the
axle shafts 22 and 23 and planet pinions 29 mounted
on a carrier or spider 39 and having meshed engagement
with the side gears. The side gears 28 and the planet
pinions 29 are of the bevel type, as is conventional in dif-
ferential mechanisms. The ring gear 26 is secured to the
carrier 38 as by suitable bolts or rivets 31.

The front axle 11 also includes power input shaft
means comprising a pair of aligned shaft members 33
and 34 rotatable about a common rotation axis, and
power input gearing comprising an inter-axle differential
or power divider 35 and a gear train consisting of a pair
of gears 36 and 37 for transmitting the input torque from
the inter-axle differential to the drive pinion 27.

The shaft member 33 is provided with suitable joint or
universal coupling means 44 for connection with a propel-
ler shaft or the like and delivers input torque into the
inter-axle differential 35, and the shaft member 34 de-
livers torgue from the inter-axle differential to the power
input shaft 19 of the rear axle 12. The rear end of the
shaft member 34 is connected with the input shaft means
19 of the rear axle as by means of a suitable coupling or
universal joint means 41. The input shaft means 19 will
usually include a second coupling or universal joint means
39, as shown in FIG. 3.

The shaft member 33 is rotatably supported in the
housing 13 (see FIG. 2) by suitable antifriction bearings
42 and 43, and the rear end of this shaft member extends
into, and is rotatable in, a bushing 44 mounted in a
socket portion provided in the front end of the shaft
member 34. The bearing 43 also supports the front end
of the shaft member 34 as well as the rear end of the
inter-axle differential 35. The rear end of the shaft
member 34 is supported in the housing 13 by a suitable
antifriction bearing 45. The front end of the shaft mem-
ber 33 is provided with a splined portion 47 on which the
coupling 4@ is mounted and is also provided with other
splined portions 483 and 49 for purposes which will be
described hereinafter.

The inter-axle differential 35 comprises a pair of side
gears 51 and 52 located in a spaced-apart relation along
the rotation axis of the shaft member 33, a rotatable
carrier or spider 53, and a group of planet pinion gears
54 disposed in meshed engagement with the side gears
and supported by the carrier. The side gears 51 and 52
constitute the power output members of the inter-axle
differential 38 and supply power respectively to the drive
pinions 27 and 17 of the front and rear axles 11 and 12.
The forward side gear 51 is rotatably supported on the
shaft member 33 by suitable bushings 55 and is directly
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connected with the gear 36 of the power input gear train
of the front axle, in this instance by being formed integral
with the latter gear. The aftermost side gear 52 includes
a sleeve portion 52® which is mounted in the inner race
of the bearing 43 and is drivingly connected with the shaft
member 34 by a spline connectiori 56.

The drive pinion 27 is formed on or connected with
a pinion shaft 58 which is rotatably mounted in suitable
antifriction bearings 59. The forward end of the pition
shaft 58 is provided with a splined portion 69 and has
the gear member 37 secured thereon.

in accordance with one of the features of the present
invention, the delivery of power into the inter-axle dif-
ferential 35 is accomplished in a more satisfactory man-
ner by having the pinion carrier 53 in a floating relation
on the splined intermediate portion 48 of the shaft mem-
ber 33. For this purpoese, the inner portion of the carrier
is provided with splines 61 which are in a meshed and
axially slidable engagement with the splined portion 43
of the shaft member 33. The spline elements 61 of the
carrier 53 can be formed either on the body of the carrier
or preferably, as here shown, on the inner ends of stub
shafts 62 which are mounted in the body of the carrier
and rotatably support the planet pinions 54.

As shown in FIG. 2, the planet pinions 54 are disposed
in the annular space between the toothed bevel faces of
the side gears 51 and 52 and extend in a bridging or span-
ning relation between these gears. By having the carrier
53 in a slidable floating relation on the splined portion
48 of the power input shaft member 33, it will be seen
that the planet pinions 54 will be self-adjusting or self-
centering with respect to the meshed engagement of their
teeth with the teeth of the side gears 51 and 52. This
will permit the pinion gears to assume an axially centered
position along the shaft member 33 and between the side
gears 51 and 52 so that the input torque will be more
evenly divided between the two side gears, and the tooth
loads and wear areas will likewise be more evenly dis-
tributed for the teeth of the pinion gears and. the side
gears.

The drive pinion 27 of the front axle 11 is located on
the right-hand side of the ring gear 26, as shown in FIGS.
2 and 3, and this represents a different arrangement than
the drive pinion and ring gear arrangement referred to
above as being present in the rear axle 12. When the
drive pinion 27 is located on the right-hand side of the
ring gear 26, the direction of driving rotation of the
pinion will be a counterclockwise direction, as represented
by the arrow 63 of FIG. 3, which is in contrast to the
clockwise driving rotation of the drive pinion 17 of the
rear axle 12 as represented by the arrow 64.

When the drive pinion 27 is located on the right-hand
side of its associated ring gear 26 and has such a counter-
clockwise direction of driving rotation, it will be seen
that the driving torque being supplied to the pinion shaft
58 can be delivered to the latter by a gear train which
consists of only the two gears 36 and 37. The latter gears
are here shown by way of example, as being of the spiral
toothed type. When only two gears, namely the gears
36 and 37, are used in the power input train to the drive
pinion 27, it will be seen that there is no need for an
idler gear in such train as has been required heretofore,
and the number of parts and the cost of the driving axle
11 will accordingly be reduced.

The co-operating teeth of the ring gear 26 and its
associated drive pinion 27 are here shown as being of
the spiral bevel type and, by comparison of these gears
as shown in the drawings with the corresponding gears
of the rear axle 12, it will be observed that the direction
of cut of the teeth of the gears 26 and 27 is reversed
from the cut of the corresponding gears of the rear axle.
The reverse cut of the teeth of the gears 26 and 27
permits the drive pinion 27 to have the counterclockwise
rotation and the location on the right-hand side of the
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ring gear, as described above, and still produce the desired
forward rotation of the axle shafts 22 and 23.

In the front axle 11, as shown in FIG. 2 of the accom-
panying drawings, a clutich member 65 is slidably mounted
on the spline portion 49 of the shaft member 33 and is
rotatably driven by the latier. The clutch member 65 is
provided with clutch teeth 66 for co-operation with clutch
teeth 67 provided on the gear 36. The clutch member
65 provides a locking means by which the inter-axle
differential 35 can be locked up when that is desirabie.
The clutch member 65, the spline portion 4% and the
groups of clutch teeth 66 and 67 could be omitted.

From the accompanying drawings and the foregoing
detailed description, it will now be recognized that this
invention provides a new and improved construction for
vehicle axle mechanisms of the multiple drive axle typs.
It will also be recognized that this new and improved
axle mechanism has the advantages already described
hereinabove and also represents a simple and practical
form of construction which will render smooth and satis-
factory service for a prolonged period of time.

Although the novel axle mechanism of this invention
has been illustrated and described herein to a somewhat
detailed extent it will be understood, of course, that the
invention is not to be regarded as being limited corre-
spondingly in scope but includes 2all variations and modi-
fications coming within the terms of the claims hereof.

Having described my invention, I claim:

1. In a multiple driving axle assembly; a pair of first
and second driving axles comprising first and second
housings containing first and. second power output differ-
ential gear units; first and second power input gears in
said first and second housings in meshed driving engage-
ment with said first and second differential gear units;
said first housing having main and auxiliary gear cham-
ber portions therein; anti-friction bearing means in said
first housing in a spaced-apart relation along a common
rotation axis including first and second antifriction bear-
ings on opposite sides of said auxiliary gear chamber
portion; drive shaft means extending to said axles for
supplying torque to said power input gears including a
pair of relatively rotatable first and second shaft mem-
bers supported in a substantially aligned relation in said
first housing by said bearing means for rotation on said
common axis; an inter-axle differential in the auxiliary
gear chamber portion of said first housing and comprising
first and second side gears in a spaced-apart opposed rela-
tion along said common axis, and an anmular group of
planet pinion gears disposed between and in meshed en-
gagement with said side gears; a gear train in said first
housing for transmitting torque from said inter-axle dif-
ferential to said first power input gear including a gear
directly connected to and rotatable with said first side
gear; said second side gear having a sleeve portion and
being supported for rotation by having said sleeve por-
tion received in said second antifriction bearing; said
second shaft member having a socket portion received
in and supported by said sleeve portion and connected
with the latter to be driven thereby; said first shaft mem-
ber extending across said auxiliary chamber portion and
having one end thereof supported by said first antifriction
bearing and its other end received and supported in said
:socket portion; said first shaft member having a splined
intermediate portion and a journal portion rotatably sup-
porting said first side gear; a carrier ring surrounding said
group of planet pinion gears; and stub shaft members
connected with said carrier ring so as to extend inwardly
therefrom and rotatably supporting said planet pinion
gears; said stub shaft members having splined inner end
portions engaged with said splined intermediate portion
of said first shaft member as a drive connection for said
carrier ring and to provide for self-positicning of said
planet pinion gears between said side gears.

2. A multiple driving axle assembly as defined in claim
1 and comprising clutch components co-operably effective
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between said first shaft member and said directly con-
nected gear for producing lock-up of said inter-axie dif-
ferential.

3. In a mulriple driving axle assembly; a pair of first
and second driving axles comprising first and second
power output differential gear units; first and second
power input gears in meshed driving engagement with
said first and second differential gear units; said first axle
having a housing containing main and aquxiliary gear
chamber portions; antifriction bearing means in said hous-
ing in a spaced-apart relation along a common rotation
axis including first and second antifriction bearings on
opposite sides of said auxiliary gear chamber portion;
drive shaft means extending to said axles for supplying
torque to said power input gears including a pair of rela-
tively rotatable first and second shaft members in said
housing in a substantiolly aligned relation along said
common axis; an inter-axle differential in the auxiliary
gear chamber portion of said housing and comprising
first and second side gears in a spaced-apart opposed rela-
tion along said common axis, and an annular group of
planet pinion gears disposed between and in meshed en-
gagement with said side gears; rotatable carrier means
surrounding said axis and carrying said planet pinion
gears; and a gear train in said housing for transmitting
torque from said inter-axle differential to said first power
input gear including a gear directly connected to and
rotatable with said first side gear; said second side gear
having sleeve means thereon and being supported for
rotation by having said sleeve means received in said
second antifriction bearing; said first shaft member ex-
tending across said auxiliary chamber portion and having
one end thereof supported by said first antifriction bear-
ing and said first shaft member also having a splined
interniediate portion in driving engagement with said
carrier means, and a journal portion rotatably supporting
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said first side gear; the other end of said first shaft mem- -

ber and one end of said second shaft member comprising
first and second adjacent shaft end portions rotatably
supporied by said second antifriction bearing, and said
second adjacent shaft end portion being conrlected with
said sleeve means by a drive connection therebetween,

4. A multiple driving axle assembly as defined in claim
3 wherein said first and second adjacent shaft end por-
tions extend into said sleeve means from opposite ends
thereof. '

5. A multiple driving axle assembly as defined in claim
3 wherein said first and second adjacent shaft end por-
tions extend into said sleeve means from opposite ends
thereof; said drive connection comprising co-operating
spline elements own said sleeve means and said second
adjacent shaft end portion.

6. In a multiple driving axle assembly; a pair of first
and second driving axles comprising first and second
power output differential gear units; first and second
power input gears in meshed driving engagement with
said first and second differential gear units; said first axle
having a housing containing main and auxiliary gear
chamber portions; antifriction bearing means in said hous-
ing on a common rotation axis including first and second
antifriction bearings on opposite sides of said auxiliary
gear chamber portion; drive shaft means extending to
said axles for supplying torque to said power input gears
including a pair of relatively rotatable first and second
shaft members in said housing in a substantially aligned
relation along said common axis; an inter-axle differen-
tial in the auxiliary gear chamber portion of said housing
and comprising first and second side gears in a spaced-
apart opposed relation along said common axis, and an
annular group of planet pinion gears disposed between
and in meshed engagement with said side gears; a gear
train in said housing for transmitting torque from said
inter-axle differential to said first power input gear in-
cluding a gear directly connected to and rotatable with
said first side gear; said second side gear having sleeve
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means thereon and being supported for rotation by hav-
ing said sleeve means received in said second antifriction
bearing; said first shaft member exiending across said
auxiliary chamber portion and having a splined portion,
and a journal portion rotatably supporting said first side
gear; a drive connection between said sleeve means and
said second shaft member; carrier means for said group
of planet pinion gears; and stub shaft members mounted
on said carrier mearns so as to extend inwardly therefrom
and rotatably supporting said planet pinion gears; said
stub shaft members having splined inner end portions en-
gaged with said splined portion of said first shaft mem-
ber as a drive connection for said carrier means and to
provide for self-positioning of said planet pinion gears
berween said side gears.

7. A muliiple drive axle assembly as defined in claim
6 wherein said second shaft member extends into said
sleeve means; and spline means providing said drive con-
nection between said sleeve means and second shaft mem-
ber.

8. In a multiple driving axle assembly; a pair of first
and second driving axles comprising first and second
power output differential gear units; first and second
power inpur gears in meshed driving engagement with
said first and second differential gear units; said first axle
having a housing containing main nad auxiliary gear
chamber portions; antifriction bearing means in said
housing in a spaced-apart relation along a common rota-
tion axis including first and second antifriction bearings
on opposite sides of said auxiliary gear chamber portion;
drive shaft means extending to said axles for supplying
torque to said power input gears including a pair of rela-
tively rotatable first and second shaft members in said
housing in a substantially aligned relation along said
common axis; an inter-axle differential in the auxiliary
gear chamber portion of said housing and comprising first
and second side gears in a spaced-apart opposed relation
along said common axis, and an annular group of planet
pinion gears disposed between and in meshed engagement
with said side gears; a gear train in said housing for trans-
mitting torque from said inter-axle differential to said first
power input gear including a gear directly connected to
and rotatable with said first side gear; said second side
gear having sleeve means thereon and being supported for
rotation by having said sleeve means received in said
second antifriction bearing; said first shaft member ex-
tending across said auxiliary chamber portion and hav-
ing one end thereof supported by said first antifriction
bearing and said first shaft member also having a splined
intermediate portion, and a journal portion rotatably sup-
porting said first side gear; the other end of said first shaft
member and one end of said second shaft member com-
prising first and second adjacent shaft end portions ro-
tatably supported by said second antifriction bearing, and
said second adjacent shaft end portion being connected
with said sleeve means to be driven thereby; a carrier ring
surrounding said group of planet pinion gears; and stub
shaft members connected with said carrier ring so as to
extend inwardly therefrom and rotatably supporting said
planet pinion gears; said stub shaft members having
splined inner end portions engaged with said splined in-
termediate portion of said first shaft member as a drive
connection for said carrier ring and to provide for self-
positioning of said planet pinion gears between said side
gears.
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