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This invention relates to mechanisms of the kind com-
prising a plunger sliding within a cylinder, and to the
lubrication of such mechanisms. An example of this
kind of mechanism in which the plunger not only slides
within the cylinder but also rotates in driving engage-
ment therewith is a sliding joint of a power transmis-
sion shaft, for instance a sliding spline of a motor vehicle
propeller shaft,

In the conventional arrangement of sliding spline on
a propeller shaft a seal is formed between the splined
male portion of the shaft (which forms the aforesaid
plunger) and the universal joint spline yoke (forming
the aforesaid cylinder) by means of a felt ring arranged
at the outer end of the spline yoke and held in place by
a split ring and screwed ferrule. The inner end of the
bore of the spline yoke is closed by a blanking plate for
the purpose of maintaining lubricant on the spline and
preventing ingress of foreign matter. However, to pre-
vent the compression which would otherwise occur in
the closed end of the spline yoke when the splined por-
tion of the shaft slides towards such closed end, the
blanking plate has to be provided with a small hole
therein but, in addition to preventing air compression,
this hole enables lubricant to escape from and foreign
matter to enter the sliding spline.

Among the objects of the present invention is speci-
fically to overcome the foregoing disadvantage of the
conventional arrangement of sliding spline and, more gen-
erally, to provide new or improved lubrication arrange-
ments for mechanisms of the kind comprising a plunger
sliding within a cylinder. A further object is to pro-
vide an improved mechanism of this kind which can be
packed with Iubricant and will require no further lubri-
cation for the duration of its working life.

According to the invention there is provided a Ilubri-
cation arrangement for a mechanism of the kind set forth

. wherein one end of the cylinder is completely closed
and a chamber is formed between the cylinder and the
plunger sliding therein, the arrangement being such that
air and lubricant are enabled to escape from the closed
end of the cylinder into said chamber when the plunger
moves towards said closed end and to return to the
closed end of the cylinder again when the plunger is with-
drawn therefrom,

Preferably the said chamber is of variable volume,
its volume and change of volume being matched to the
clearance volume between the plunger and cylinder and
to the rate of change of such clearance volume, and vary-
ing inversely as the latter; in other words the sum of the
clearance volume between the plunger and cylinder and
the volume of the chamber is a constant. The chamber
may comprise a bellows having its ends sealed to the
plunger and the open end of the cylinder respectively.

If desired the bellows may be moulded in a preformed
state of partial axial collapse to which it returns auto-
matically when released after being axially extended.
The arrangement may be such that the bellows has maxi-
mum capacity when partially axially collapsed, i.e. its
position when the plunger is in its innermost position,
and minimum capacity when the plunger is at its posi-
tion of maximum withdrawal from the cylinder.

Further, the construction of the bellows is such as
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to provide a through space from one end of the bellows

~ to the other, the bellows being preferably of helical form
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for this purpose. As applied to a mechanism in which
the plunger not only slides within the cylinder but also
rotates in driving engagement therewith, means are prefer-
ably provided for accurately locating the bellows about
the axis of the plunger and supporting said bellows so
that the effect of lubricant therein does not produce an
unbalanced force during rotation of the plunger and
cylinder assembly.

The invention will now be further described with
reference to the accompanying drawings which illustrate,
by way of example, three embodiments of the invention
as carried into effect in connection with the conventional
arrangement of universal joint and sliding spline disposed
at the front end of the propeller shaft of 2 motor vehicle,
and in which:

FIGURE 1 is a side view of one of the embodiments
in part axial cross-section,

FIGURE 2 is a cross-sectional view of a bellows of
the arrangement of FIGURE 1 to a larger scale,

FIGURE 3 is a view generally similar to FIGURE 1
of another of the embodiments,

FIGURE 4 is a cross-sectional view of a bellows of
the arrangement of FIGURE 3 to a larger scale, and

FIGURE 5 is a view similar to FIGURE 3 of the other
embodiment.

In accordance with common practice, and as shown
more particularly in FIGURE 1, the sliding spline 1 of
each embodiment is formed at the end of a forwardly
projecting male portion 2 of the propeller shaft and
the spline yoke 3 also forms the rear yoke member of
the front universal joint of the propeller shaft. The
spline yoke 3 has the inner end of its bore closed by a
blanking plate 4 as usual but, contrary to the usual prac-
tice, the normal small air-escape hole is eliminated there-
from. . Also contrary to the usual practice, the other
end of the spline yoke 3 is not provided with a felt ring,
split ring and screw ferrule to form a seal around the
forwardly projecting male portion of the shaft 2, the
splinded section 1 of which works within the splined
bore 5 of the spline yoke 3.

In each arrangement one end of a bellows 6 is sealed
to the yoke 3 by means of a clamping ring 7, and the
other end of the bellows 6 is sealed to the unsplined
section of the forwardly projecting male portion 2 of
the propeller shaft by a clamping ring or collar 8. The
bellows 6 is moulded in a partially axially collapsed state,
as shown in FIGURES 2 and 4, in which, when it is
disposed around the aforesaid male portion 2, it encloses
a larger volume of air than when axially extended; it is
drawn out into its extended position when being sealed
to the shaft portion 2 but tends to reassume its partially
axially collapsed state as the male spline 1 is withdrawn
from the splined bore 5 of the spline yoke 3 of the uni-
versal joint. Thus, as the male spline 1 moves towards
the closed end of the bore 5, air and lubricant escape
past the splines and into the bellows 6, passage of air
and lubricant in the reverse direction taking place when
the male spline 1 is withdrawn from the spline yoke 3
again.

The bellows 6 is in each case formed with tubular cylin-
drical end sections 9 and 16 having inner diameters suit-
able respectively for sealing to the outer surfaces of the
yoke 3 and the shaft portion 2. At its inner end the bel-
lows 6 of FIGURES 1 and 2 has a radially inwardly di-
rected flange 11 which abuts the open end of the yoke 3
to provide axial location on the latter during assembly,
and the sections 9 and 10 are joined by a single convo-
lution section 12. ‘The peak of this convolution is thick-
ened at 13 to produce a centralising effect about the axis
of the shaft portion 2 so that the -effect of lubricant
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inside the bellows 6 does not produce an unbalanced
force during rotation of the propelier shaft.

With the bellows 6 of the arrangements of FIGURES
3 and 4 and FIGURE 5, the sections 9 and 16 are joined
by a convoluted section 14 comprising a plurality of con-
volutions. Such an arrangement provides a long cham-
ber in the axial sense for the reception of a considerable
volume of Iubricant for a relatively small overall diam-
eter. In order that the bellows should be accurately
Jocated with respect to the axis of the splined shaft por-
tion 2, the convoluted section is formed so that the troughs
of the bellows 6 lie closely against the cylindrical surface
of the male splined portion 2. It is also necessary to
provide an air passage from one end of the bellows sec-
tion 14 to the other and, in order to meet both require-
ments, the bellows section 14 is made of helical form
and has a helical coil spring I5 moulded into the troughs
of the convolutions. To accommodate the spring 15 the
troughs are thickened at their inner radius as at 16.

In order to facilitate the transfer of air and lubricant
from the closed end of the splined yoke 3 to the bellows
6 and vice versa in the arrangement of FIGURE 5, one
of the splines is removed as at 17 in order to provide a
passageway of greater cross-section than is provided by
the normal clearance between the splines and spline-ways.
A spline may similarly be removed in each of the other
arrangements.

The arrangement in each of the embodiments is such
that the sum of the clearance volumes between the male
spline 1 and the closed end of the bore 5 in the spline
yoke 3 and between the male spline and shaft portion 2
and the bellows 6 is always substantially the same, what-
ever the relative axial positions of the shaft portion 2
and spline yoke 3.

The splined section 1 of the shaft portion 2 of the
embodiment of FIGURE 5 has the same outer diameter
as the unsplined section, so that it is allowable for the
section 1 to be partially withdrawn from the yoke 3 into
the bellows section 14. In the arrangement of FIGURE
3 however, the splined section 1 has a larger outer diam-
eter than the unsplined section of the shaft portion 2 so
that if the section 1 were withdrawn from the yoke 3 it
would foul the bellows section 14. To prevent this hap-
pening, a circlip 18 is let into the bore 5 adjacent the
outer end of the latter for engagement with the rear end
of the section 1 to prevent withdrawal of the latter from
the yoke 3.

I claim:

1. A mechanism embodying a lubricating arrangement,
comprising a cylinder the inner end of which is closed,
a plunger slidable within said cylinder and projecting
from the other end of the latter to leave a clearance
volume between the plunger and the closed end of the
cylinder, and means defining a lubricant retaining cham-
ber between said other end of said cylinder and said
plunger, said chamber being permanently in communica-
tion with the clearance volume in said cylinder and the
construction being such that as said clearance volume
varies during sliding movement of said plunger the vol-
ume of said chamber varies in the inverse sense so that
the sum of said volumes remains substantially constant.

2. A mechanism according to claim 1, wherein said
means defining said chamber comprise a flexible bellows,
the ends of said bellows being respectively sealed to said
plunger and said other end of said cylinder and the for-
mation of said bellows and the assembly thereof in rela-
tion to said plunger being such that the internal volume
thereof increass as a result of axial compression of said
bellows throughout the range of movement of said
plunger.

3. A mechanism embodying a lubricating arrangement,
comprising a cylinder the inner end of which is closed,
a plunger slidable within said cylinder and projecting
from the other end of the latter, and a flexible bellows
mounted around said plunger with its ends respectively
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sealed to the latter and said other end of said cylinder
to define a lubricant retaining chamber in permanent
communication with the clearance volume in the closed
end of said cylinder, the construction of said bellows
and the assembly thereof with respect to said plunger
being such that the internal volume thereof increases
as a result of axial compression during sliding movement
of said plunger into said cylinder in a manner such that
the sum of said clearance and internal volumes remains
substantially constant throughout said movement.

4. A mechanism according to claim 3, wherein said
bellows has a single convolution.

5. A mechanism according to claim 3, wherein said
bellows has a plurality of convolutions and is of helical
form to provide a free space between said ends of the
bellows.

6. A mechanism embodying a lubricating arrangement,
comprising a cylinder the inner end of which is closed,
a plunger slidable within said cylinder and projecting
from the cther end of the latter, said cylinder and plunger
being in splined engagement so that they rotate in driv-
ing engagement one with the other, and a flexible bellows
mounted around said plunger with its ends respectively
sealed to the latter and said other end of said cylinder
to define a lubricant retaining chamber in permanent
communication with the clearance volume in the closed
end of said cylinder, the construction of said bellows and
the assembly thereof with respect to said plunger being
such that the internal volume thereof increases as a
result of axial compression during sliding movement of
said plunger into said cylinder and the sum of said clear-
ance and internal volumes remains substantially constant.

7. A mechanism according to claim 6, wherein means
are provided to support said bellows and accurately locate
the latter about the longitudinal axis of said plunger so
that lubricant retained therein does not produce an un-
balanced force during rotation of said mechanism.

8. A mechanism according to claim 6, wherein said
bellows has a single convolution the peak of which is
thickened to produce a centralising effect about the lon-
gitudinal axis of said plunger during rotation of said
mechanism,

9. A motor vehicle propeller shaft, comprising a splined
male portion, a universal joint one yoke member of
which has a splined bore within which said male portion
is slidably engaged and the inner end of which is closed
to provide a clearance volume between said closed inner
end and said male portion, and a flexible bellows mount-
ed around said male portion with its ends respectively
sealed to the latter and the outer end of said splined
bore to define a lubricant retaining chamber in perma-
nent communication with the clearance volume in said
bore, the construction of said bellows and the assembly
thereof with respect to said plunger being such that the
internal volume thereof increases as a result of axial
compression during sliding movement of said male por-
tion into said bore in a manner such that the sum of
said clearance and internal volumes remains substantially
constant.

10. A mechanism embodying a lubricating arrange-
ment, comprising a cylinder the inner end of which is
closed, a plunger slidable within said cylinder and pro-
jecting from the other end of the latter to provide a clear-
ance volume at said inner end of the cylinder, said cylin-
der and plunger being in splined engagement so that they
rotate in driving engagement one with the other, and a
flexible bellows mounted around said plunger with its
ends respectively sealed to the latter and said other end
of said cylinder to define a lubricant retaining chamber in
permanent communication with the clearance volume in
said cylinder, said bellows being of helical form to pro-
vide a free space between said ends of the bellows with
a plurality of convolutions formed so that the troughs
thereof lie closely against the outer surface of said plung-
er to centralise said bellows about the longitudinal axis
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of said plunger and the construction of said bellows and
the arrangement thereof with respect to said plunger
being such that the internal volume thereof increases
as a result of axial compression during sliding movement
of said plunger into said cylinder and the sum of said
clearance and internal volumes remains substantially
constant,

11. A mechanism embodying a lubricating arrange-
ment, comprising a cylinder the inner end of which is
closed, a plunger slidable within said cylinder and pro-
jecting from the other end of the latter, said cylinder and
plunger being in splined engagement so that they rotate
in driving engagement one with the other, and a flexible
bellows mounted around said plunger with its ends re-
spectively sealed to the latter and said other end of said
cylinder to define a lubricant retaining chamber in per-
manent communication with the clearance volume be-
tween said plunger and said cylinder at the inner end of
the latter, said bellows being of helical form to provide
a free space between said ends of the bellows with a plu-
rality of convolutions formed so that the troughs thereof
lie closely against the outer surface of said plunger to

10

15

20

6

centralise said bellows about the longitudinal axis of
said plunger, a helical coil spring being moulded into
said troughs of said bellows and the construction of said
bellows and the arrangement thereof with respect to the
plunger being such that the internal volume thereof in-
creases as a result of axial compression during sliding
movement of said plunger into said cylinder and the sum
of said clearance and internal volumes remains substan-
tially constant,
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