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. SELF-LOCKING
Application filed April 26,

The present inventicn relates to power ap-
portioning means and embodies, more specifi-
cally, an improved differential construction
by means of which a degree of locking is af-
forded between the driving mechanism and
one of the driven members between which
power is apportioned under conditions which
would cause existing differential construc-
tions to divert all of the power from another
of the driven elements.

More particularly, the present invention
embodies what may be termed a self-locking
differential, that is, a differential which
automatically compensates for loss in resis-
tive effort of one of a plurality of driven ele-
ments in order that another of the driven ele-
ments may receive its portion of the driv-
ing power. It is a matter of common knowl-
edge, particularly in the operation of motor
vehicles, that the engine power is supplied
only to one wheel when such driving wheel
is stuck and slipping over the road bed upon
which it rests. Under this condition, the
other driving wheel, which is probably rest-
Ing upon a relatively firm roadbed which af-
fords good traction, receives no power and,
in consequence, the vehicle cannot be moved.
Various mechanisms have been provided for
overcoming this condition, such mechanisms
frequently employing the use of a mechani-
cal lock to lock the differential positively and
thus distribute the drive equally between the
driving wheels. In addition to the compli-
cated and expensive mechanism necessary in
constructions of this character, the operation
thereof is difficult and the resulting devices
have proved unsatisfactory. The present in-
vention provides a differential which auto-
matically adjusts itself to the conditions un-
der which the vehicle is operating and pro-
vides the desired degree of locking to afford
adequate driving power for the vehicle.

An object of the invention, accordingly, is
to provide an automatic mechanism for ap-
portioning power between a plurality of
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driven elements, such mechanism embodying
means for affording a desired degree of lock-
ing under certain conditions. ‘

A further object of the invention is to pro-
vide a self-locking differential for appor-
tioning power between a plurality of driven
clements, the self-locking mechanism auto-
matically functioning when the traction of
one of the driven elements is reduced a pre-
determined amount.
- A further object of the invention is to pro-
vide a” power apportioning means of the
above character which is of rugged construc-
tion and the elements of which are simple
and easily manufactured.

Further objects, not specifically enumer-
ated "above, will be apparent as the inven-
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tion is described in greater detail in con- .

nection with the accompanying drawings,
wherein : :

Figure 1 is a view in transverse section,
taken through a differential constructed in
accordance with the present invention.

Figure 2 is a detail view showing the driv-
ing member of Figure 1.

Figure 3 is a view in section, taken on line
3—3 of Figure 1, and looking in the direc-
tion of the arrows.

Figure 4 is a view in section, taken on line
4—4 of Figure 5, and looking in the direction
of the arrows, showing a modified form of
the invention. ‘

Figure 5 is a view in section, taken on line
5—5 of Figure 4, and looking in the direc-
tion of the arrows.

Figure 6 is a view in transverse section,

taken through the axis of an apportioning de-
vice constructed in accordance with the pres-
ent invention and showing a modified form
wherein the structure is destened to receive
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power to be apportioned from a shaft which

is coaxial with the apportioning device.
Figure 7 is a view in section, showing a
form of mechanism similar to that shown in
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2

Figure 6, but embodying a further modi-
fication thereof.

Referring to the above drawings, particu-
larly Figures 1, 2, and 3, @ designates a bevel
gear to which power is supplied by a trans-
mission shaft in the well known fashion.
Upon the bevel gear «, a collar ¢’ is mounted,
the collar being formed with a flanged por-
tion @* carrying a bearing ¢° by means of
which the drum is journaled upon a jack shaft
housing 6’. A cylindrical drum &* is formed
on the collar ¢” and provided with a plural-
ity of series of apertures ¢°, a® and a7, respec-
tively. These apertures are formed in spaced

8 parailel planes perpendicular to the axis of
the drum, as clearly shown in Figure 2, and

offset 10° radially to provide a uniform stag-
gering of the apertures of the respective se-
ries, thus distributing the forces transmitted
by the drum over a uniformly extended area.
A cylindrical housing a® is secured to the col-
lar ¢’ and bevel gear « by means of bolts
@, a flanged extension ¢'° being provided to
receive a bearing «¢'* which is carried upon a
jack shaft housing ¢’.

The driven members are shown as aligned
jack shafts b and ¢, respectively, these shafts
having squared ends 5* and ¢* upon which
hubs 6* and 6%, respectively, are mounted.
Hub 07 is formed with a plurality of parallel
peripherally disposed cam tracks &%, 5%, and
b°, these tracks being concentric with the
respective series of apertures ¢°, a°, and o,
respectively.

A hub ¢ is formed with a flange ¢* upon
which a cylindrical sleeve ¢® is formed. This
sleeve is formed with an internal peripheral
cam track ¢% concentrically disposed with
the respective series of apertures o°, a°, and
a" and of sufficient axial length to provide a
cam track for each of the apertures. Between
the inner and outer cam tracks driving wedges
@ are mounted, such wedges being slidably
received within the apertures in the drum
a*. The wedges d are formed with rounded
ends d’ to engage the respective inner and
outer cam tracks, as clearly shown in Fig-
ure 3.

In operation, the driving force is applied
to the ring or bevel gear ¢ which is rotated in
the desired direction carrying with it the
wedges d. These wedges engage against the
respective cam surfaces on the driven mem-
bers, thereby rotating the driven shafts &
and ¢ with equal effort.

When an occasion arises where one driven
member rotates faster than the other, the
wedges are forced by the protruding cam
portions of such member into the recessed
portions of the cam tracks of the other mem-
ber. For example, consider the wedge desig-
nated in Figure 3. This shoe will be forced
outwardly by the cams on the hub 2° into
a corresponding recess in the sleeve ¢ In
this manner, the ring or drum a*, together
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with the shoes d, will rotate at half the speed
of the hub 6°. When the peak of the par-
ticular cam on hub 5 which is forcing the
wedge @ outwardly is opposite the remotest
point on the surface of the corresponding
cam on sleeve ¢, the wedge will lie between
such points and in line with both, the wedge
having traveled half the distance that the
peak of the cam traveled during such move-
ment. This particular wedge will then be
in its neutral position as indicated at ¥, at
which time, the drive is not transmitted
through such shoe but through adjacent shoes.

By varying the angles of the cams of the
driven members, the locking action can be
varied at will. If one of the driven members
is held against rotation and power applied
to the drum «f, then the shoes d will be forced
radially against the cam surfaces of the other
driven member. This tends to force such
cam surfaces and rotating member to rotate
faster than the ring and shoes since the driv-
ing force is transmitted through the wedges,
the reaction of which is taken by the cam
surfaces of the first member. The angle of
the cams may be such that radial force on
the wedge acts to turn the cams ahead
of the driving ring if desired, or the angle
may be such that a slight load on the driven
member carrying the lesser load will cause
enough friction to prevent the cam from
rotating and consequently the wheel from
spinning.

From the foregoing, it will be apparent
that a differential is provided which is small
and compact having a great capacity for
transmitting power. The parts thereof ar
few and simple of construction, thus render-
ing the device highly desirable from a pro-
duction standpoint. By means of the plu-
rality of cam surfaces, the driving strains
and stresses are uniformly distributed, the
wearing qualities being relatively large and
thus capable of transmitting enormous forces.

With reference to the construction shown
in Figures 4 and 5, the driving member is
shown at e, being formed with a flange ¢’
and a driving drum e¢®. A driven shaft f
and driven sleeve ¢ receive power from the
drum e? through driving shoes or wedges
k. These wedges are slidably carried in re-
cesses ¢, formed in the drum e® and are
formed with rounded driving surfaces A’.

The shaft f has splined thereto a collar
7” upon which a cam track 72 is formed. This
track is concentric to the series of apertures
g° and serves to receive the driving forces
of the wedges A.. The driven sleeve ¢ car-
ries a flange ¢’ formed with a cylindrical
portion g? upon which an internal cam track
g% is formed. A closure et is secured to the
driving disc ¢” by means of bolts €5 and the
operation of this device is similar to that
described in connection with the construc-
tion shown in Figures 1, 2, and 3.
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Referring particularly to the modification
shown in Figure 6, ¢ designates a driving
shaft, upon the end of which a hub & is
splined.  This hub is formed with a spider
¢, having a cylindrical flange . Flange
¢ i1s formed with a plurality of apertures
similar to the apertures o, a® and «” in the
drum %, the apertures being indicated - in
dot and dash lines.

A driven member j is formed with a hub 7
and a recess /2 within which the end 4 of
shaft ¢ is journaled. 'The hub 7’ is formed
with a plurality of cam tracks 7%, similar in
construction to the cam tracks b%, 6% and bs,
A second driven member % is journaled in a
housing 7 at %’ and has secured thereto a
hollow cylindrical drum %2 formed with
plurality of internal cam tracks similar to
cam tracks c% as described in connection with
the structure shown in F igure 1. The cam
tracks on the drums %? and 7% lie in the same
planes, respectively, such planes also inelud-
ing the detents ’ carried by the cage or drum
#°. The structure is suitably housed in a hous-
ing 7* which is secured to the housing 7 which
may be the differential and jack shaft hous-
ing of an axle of the vehicle. The operation
of the aforementioned mechanism is similar
to that described in connection with the con-
struction shown in Figures 1, 2, and 3.

With reference to the construction shown
in Figure 7, the driving member is shown
at m, being splined to a stub shaft 7’ which
carries a flange m?. A cylindrical drum or

5 cage m?° is formed on the flange m? and is

provided with a plurality of apertures m¢*
which are preferably spaced in parallel planes
transverse to the axis of the driving member
m’. A closure m® is secured to the driving
member, a seal m® being provided between
the closure and the relatively stationary por-
tions of a housing n. A driven member 0,
extending rearwardly from the apportioning
mechanism has a hub o’ splined thereto and

5 formed with a plurality of spaced cam tracks

0?. These cam tracks fall in the same planes
as the respective series of apertures m* and
receive power from the wedges carried in such
apertures. A second driven element P is
journaled at p’ in a stationary housing p?
and has splined thereto a hub 2* upon which
a cylindrical drum p* is formed. This drum
is provided with a plurality of cam tracks
against which the wedges, above referred to,
engage, power being apportioned in an obvi-
ous manner between the drum p* and the
hub o’. The improved power apportioning
means is thus effectively combined with the
forward jack shaft and differential housing
of a vehicle having dual driving axles.

While the invention has been described
with specific reference to the accompanying
drawings, it is not to be limited, same as de-
fined in the appended claim.

I claim as my invention :

3

A device of the character described com-
prising a hollow cylindrical driving member
having apertures therethrough, driven mem-
bers disposed upon opposite sides of the aper-
tures, a cam track on each driven member in
the plane of the apertures, one of the tracks
having a greater number of cams than the
other, and wedge blocks having rectangular
cross sections slidable in the apertures and
having curved surfaces at the opposite ends
thereof to engage the tracks.

This specification signed this 12th day of

February, A. D. 1930.
A. D. ROBBINS.
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