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@ Improvements relating to cylinders.

@ A method of manufacturing a fluid cylinder com-
prises screw threading (20 and 18) opposite ends of
a barrel (5), engaging a cylinder head (6) and a
cylinder cap (2) with the screw threads (20, 18) of
the barrel (6) and, after inserting a piston (7) and a

piston rod (8), inserting a member (10, 11) in the
open end of the barrel (5) to set the length of the
stroke of the piston (7). Preferably said member is a
gland (10) screwed into the cylinder head (6) and
preceded by an axial spacer (11).
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This invention concerns improvements relating
to cylinders.

A pneumatic or hydraulic cylinder essentially
comprises a piston, a piston rod, a cylinder cap, a
cylinder head and a cylinder barrel between the
cap and the head. Machining the cap, the head and
the barrel in one piece from solid material is pro-
hibitively expensive except in very special circum-
stances. The barrel is advantageously formed from
stock tube and there are basically three different
methods of securing it to the head and the cap. A
first method is by welding, that is to say forming a
peripheral weld fo join a forged or cast and
machined head to one end of the barrel and a
forged or cast and machined cap to the other end
of the barrel. Distortion is likely to be caused by
the heat of the welding and once put together the
components cannot thereafter be separated. This
first method is only used for low precision applica-
tions. A second method comprises pulling the head
and cap onto opposite ends of the barrel by means
of four longitudinally extending tie rods which pass
through apertures in the head and cap and coop-
erate with nuts. By selective angular positioning of
the head and the cap prior to insertion of the tie
rods, inlet and outlet ports in the head and the cap
can be provided at a required alignment or 90° or
180 ° misalignment without such relative rotation of
the head and cap affecting the stroke of the cyl-
inder. Such a rod construction is not suitable for
some applications. The third method comprises
screw threading the ends of the barrel and screw-
ing the cap and head thereto. This is increasingly
popular since modern CNC machine tools can
readily screwthread quite large diameter work
pieces. There is the disadvantage however that
with uncertainties regarding the start position of the
screwthread on both the ends of the barrel and the
cap and the head it is difficult precisely to set the
stroke of the cylinder with the ports in the cap and
the head in a determined alignment or misalign-
ment and any change in alignment or misalignment
of the ports in the head and the cap resulis in a
change in length of stroke of the cylinder which
may well be unacceptable.

According to the invention in a fluid cylinder a
cylinder head and a cylinder cap are each joined
by a respective screw thread to a cylinder barrel
but the stroke length is set by a member inserted
into a free end of the cylinder head whereby a
relative twisting movement of the cylinder head and
cylinder cap need not affect stroke length.

The cylinder head and cylinder cap can thus
be preported, that is to say provided with ports
prior to their engagement with the cylinder barrel,
and can be screwed with respect to the cylinder
barrel until the ports are at a desired alignment or
degree of misalignment and at a desired spacing.
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The piston and piston rod can then be inserted in
the cylinder and said member, preferably a gland
screwed into the free end of the cylinder head,
inserted to set by its inner end, or by the inner end
of a spacer which precedes it, the precise length of
stroke which can be effected by the piston.

All components of the hydraulic cylinder can
thus be firmly locked with all internal faces pressed
into contact, i.e. not spaced apart with gaps there-
between.

On larger bore cylinders, provision for cushion-
ing at the head end can be provided in the spacer
which precedes the gland rather than in the head.
This can permit delicate machining operations nec-
essary to form cushioning passages to be effected
on small low cost relatively otherwise unmachined
parts rather than as a final machining operation on
large expensive components which require consid-
erable previous machining, whereby if the cushion-
ing machining goes wrong, only an inexpensive
component is scrapped.

A cylinder formed according to this aspect of
the invention can be relatively inexpensive to man-
ufacture since the barrel, the cap, the gland and
the spacer can all be formed from standard tube
and require only relatively small amounts of ma-
chining.

Trunnions can be provided on the cylinder
barrel by forming the trunnions on a split block
which can be clamped around the cylinder barrel,
forming annular projections on the bore of the
clamp block, forming annular grooves in the wall of
the cylinder barrel and engaging the annular pro-
jections in the annular grooves before tightening
clamp means of the split block thereby to lock the
split block axially on the cylinder barrel.

The invention is diagrammatically illustrated by
way of example in the accompanying drawings, in
which:-

Figure 1 is a half sectional elevation of one
embodiment of a cylinder according to the in-
vention;

Figure 2 shows a part of Figure 1 to a greater
scale;

Figures 3 & 4 are details taken from Figure 1
and showing the relative positions of a cushion-
ing collar and a piston rod respectively at the
beginning of cushioning movement towards the
end of an expansion stroke of the cylinder and
at the beginning of a contraction stroke of the
cylinder;

Figure 5 is a detail from Figure 1 o a greater
scale showing a cap end cushioning arrange-
ment;

Figure 6 is a detail taken from Figure 1 again fo
a greater scale showing an alternative seal ar-
rangement for a gland;
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Figure 7 is a fragmentary view of an alternative
embodiment of cylinder according to the inven-
tion in which head end cushioning is effected
through a spacer;

Figure 8 is an axial elevation of a frunnion block;
and

Figure 9 is a sectional view taken along the line
A-A of Figure 8 and showing the trunnion block
cooperating with a cylinder barrel.

Referring to the drawings and firstly to Figure
1, a hydraulic cylinder 1 comprises a cylinder cap
2 with a mounting 3 welded thereto at a position 4,
a cylinder barrel 5, a cylinder head 6, a piston 7, a
piston rod 8 secured to a mounting 9, a gland 10
and an axial spacer 11.

The cylinder cap 2 can be formed from a
length of bar stock, has a blind bore 12 therein to
receive a cushioning spear 13 of the piston rod 8,
has a main port 14 in communication with the bore
12 and a pilot bore 15 in communication with the
bore 12 and thus the port 14 by way of an adjust-
able cushioning valve 16 and a radial port 17. On
its outer face the cylinder cap 2 is screwthreaded
at 18 so that it can be screwed into the end of the
cylinder barrel 5 with the provision of an envi-
ronmental seal 19.

The cylinder barrel 5 is formed of standard
tube only the bore of which needs to be finished
machined and at its other end to the screwthread
18 is provided with an external screwthread 20 by
means of which it is screwed into the cylinder head
6 with provision of an environmental seal 21.

The cylinder head 6 has a main port 22 which
as shown is offset 90° from the port 14 of the
cylinder cap 2, the port 22 being connected to a
circumferential gallery 23 in the head 6 and the
head 6 including a pilot bore 24, an adjustable
cushioning valve 25 and a radial bore 26. At its free
outer end the cylinder head 6 is internally screwth-
readed at 27.

The piston 7 is an annular piston screwed onto
a portion 28 of the piston rod 8 by a screwthread
29 and including piston seals 31 and bearings 32.
A cushioning sleeve 33 is received on a portion 34
of the piston rod 8 so as to be axially and radially
moveable thereon.

The gland 10 is screwed into the cylinder head
6 by means of the screwthread 27 with the provi-
sion of an environmental seal 35 and is provided
with sealing rings 36, seals 37 and bearings 38
which contact the outer face of the piston rod 8
and seal thereagainst. Between the inner end face
39 of the gland 10 and the cylinder head end 40 of
the cylinder barrel 5 the axial spacer 11 is located.
A radially inner face 41 of the spacer 11 coop-
erates with the radially outer face of the sleeve 33
to effect cushioning upon final movements of ex-
pansion of the cylinder 1 by closing off the com-
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munication between a radial bore 42 in the spacer
11, which radial bore 42 is in communication with
the gallery 23, and a space 43 in the barrel 5
provided between the spacer 11 and the piston 7.
Once such communication is closed off, fluid in the
space 43 can only be ejected from the cylinder by
way of a cutaway 44 formed by flats at the sides of
the end of the spacer 11, the radial bore 26, the
valve 25 and the bore 24, a sealing ring 45 being
provided in the outer face of the spacer 11 fo
cooperate with the bore of the cylinder head 6.

One parameter of a fluid cylinder which is
usually required to be accurately determined is the
maximum stroke and this is the distance S in-
dicated in Figure 2 and is the travel of the piston
between the position at which it is hard up against
the cylinder cap 2 to a position where it is hard up
against the end face of the spacer 11 which abuts
the end face 40 of the cylinder barrel 5 minus the
piston width. If in a previously proposed fluid cyl-
inder formed by screwing the components togeth-
er, adjustment is made in the alignment of the
ports, the cylinder head moves axially towards or
away from the cylinder cap 2 and thus the length
of the stroke of the piston is changed. In the
cylinder of the invention and as shown in the
drawings, the stroke length is unaffected by the
angular position of the cylinder head 6 which can
be rotated a whole turn if desired to obtain the
required relative angular positions of the poris 14
and 22 without in any way affecting the stroke of
the piston and thus of the cylinder. The stroke can
be adjusted if required by rotating the cap 2 with
respect to the barrel 5.

The spacer 11 need not be a separate compo-
nent to the gland 10 ie it could be a forward
projection thereof but it is more convenient for it fo
be a separate component.

The construction of the cylinder shown can
have the advantage that without disturbing the rela-
tive axial or relatively rotated positions of the cap 2,
barrel 5 and head 6 nor pipework connected to the
ports 14 and 22, the piston rod 8 and the piston 7
can be removed from within the barrel 5 and head
6, for example to replace the seals 31 and bearings
32 on the piston, merely by unscrewing the gland
10 from the head 6 and sliding out the spacer 11.

Figures 3 and 4 show that the cushioning
sleeve 33 at the head end is relatively axially
movable on the portion 34 of the piston rod on
which it is mounted so that when the piston rod is
moving from right to left as indicated in Figure 3
and the cushioning sleeve 33 overlaps with the
spacer 11, hydraulic pressure applied fo the right-
hand end of the sleeve 33 as indicated by arrows
46 will press the lefthand end (as viewed in Figures
3 and 4) of the sleeve 33 against a shoulder 8a of
the piston rod 8 to form a seal so that the fluid can
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only exit the space 43 through the cutaway 44, the
radial bore 26, the cushioning valve 25 and the
bore 24. However on compression movement from
a fully expanded position as indicated in Figure 4,
the force of the fluid applied through the port 22
acts on the cushioning sleeve 33 to move it righ-
twardly to open up a gap 47 between the shoulder
8a and lefthand end of the cushioning sleeve 33,
such fluid then flowing through a spiral duct 48
formed by a spiral groove in the bore of the cush-
ioning sleeve 33 to pass outwardly through a
cutaway 49 at the righthand end of the sleeve so
that the recompression of the cylinder 1 can be
more rapidly effected than it would be if the com-
pressing fluid had to pass solely through the cush-
ion valve 25 and between the cushion sleeve 33
outside diameter and the cushion bore of the spac-
er 11. The cushioning sleeve 33 thus in conjunction
with the piston 7 and the shoulder 8a acts as a
check valve.

Similarly at the righthand end of the cylinder as
shown in Figure 5, a cushioning ring 50 is engaged
in a recess in the cap 2 and is axially movable by
fluid pressure applied to its opposite sides so that
a face 51 of the ring 50 cooperates with a face of
the cap 2 to form a seal therewith after the spear
13 of the piston rod 8 enters the ring 5 so that
there is effective cushioning but the face 51 moves
away from the abutting face of the cap 2 to open
up a space for rapid expansion of the cylinder
when pressure is applied to the port 14. The ring
50 has vanes 52 at its radially outer part which are
retained by a securing ring 53 screwed into the
recess in the cap 2 in which the ring 50 is mounted
so as to allow free flow of fluid past the ring 50
when it is not in its sealing position.

Figure 6 shows that the seals 36 on the gland
10 can be replaced by a chevron-type seal 54 and
a cast iron bearing ring 55 if desired.

In the embodiment shown in Figure 7, the
arrangement of piston, piston rod 8, cap 2, barrel 5,
head 6 and gland 10 is the same as in Figures 1
and 2 except that the bore 24, cushioning valve 25
and radial bore 26 are omitted. A modified spacer
11a is provided which includes a longitudinal bore
in two parts 56, 57 with an adjustable cushioning
valve 58 between the portions 56 and 57. A cir-
cumferential seal 59 is provided additionally o the
seal 45 and spaced therefrom with the valve 58
located between the seals 45 and 59 and also
located in axial and circumferential alignment with
a radial bore 60 in the head 6. Means (not shown)
is provided to prevent relative rotation between the
head 6 and the spacer 11a. By means of the bore
60 a tool, such as a Allen key 61, can be inserted
fo engage an adjusting screw of the valve 58 to
adjust the size of an aperture therein and thus the
rate at which fluid can flow therethrough. One ad-
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vantage of providing the relatively small bore 56,
57 in two parts in the spacer 11a rather than the
bores 24 and 26 in the head 6 is that a somewhat
risky operation of drilling small bores, which opera-
tion may result in the component being drilled
having to be scrapped can be effected in the small
spacer 11a rather than the large head 6. Even if the
spacer 11a has had its other machining effected
before the boring of the bores 56, 57, it is still a
relatively cheap component compared with the
head 6 and thus the loss in scrapping it is consid-
erably less than that involved in scrapping the head
6.

Figures 8 and 9 show a trunnion clamp 62. If a
frunnion mounting is required for the cylinder 1
then instead of welding the mounting 3 thereto by
the weld 4, the trunnion clamp 62 can be provided
comprising two halves 62a and 62b boltable to-
gether with a joint line 63 by bolts 64 and having
tfrunnions 65 thereon. The cylinder barrel 5 is
machined on its outer surface to form at least one
circumferential groove 66 therein and a bore 67 of
the trunnion clap 62 is formed with a maiching
number of projections extending circumferentially
therearound and to engage in the at least one
groove 66. Once the projection or projections are
engaged in the groove or grooves, the bolts 64 can
be tightened to clamp the trunnion clamp around
the barrel 5 and mount the frunnions at an ac-
curately determined axial position on the cylinder
with only a very small reduction in wall thickness of
the barrel 5 and virtually no reduction in strength
due to the banding of the trunnion clamp 62
therearound.

Claims

1. A method of manufacturing a fluid cylinder (1)
comprising joining a cylinder head (6) and a
cylinder cap (2) by respective screw threads
(18,20) to a cylinder barrel (5) and setting the
stroke length (S) by inserting a member (10)
into a free end of the cylinder head (6) such
that relative twisting movement of the cylinder
head (6) and the cylinder cap (2) need not
affect stroke length (S).

2. A method according to claim 1, including
preporting the cylinder head (6) and cylinder
cap (2), prior to their engagement with the
cylinder barrel (5), and screwing them with
respect to the cylinder barrel (5) until the ports
are at a desired alignment or degree of mis-
alignment and at a desired spacing.

3. A method according to claim 2, including sub-
sequently inserting a piston (7) and a piston
rod (8) in the cylinder (1) and inserting said
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member (10) to set the precise length of stroke
(S) which can be effected by the piston (7).

A method according o any one of claims 1 fo

3, in which said member is a gland (10) 5
screwed into the free end of the cylinder head

(6) and sets by its inner end (39) the length of
stroke (S).

A method according o any one of claims 1 fo 10
3, in which said member is a spacer (11)
preceding a gland (10) screwed into the free

end of the cylinder head (6).

A method according o any one of claims 1 fo 15
5, in which all components (2,5,6,10,11) of the
cylinder are firmly locked with all internal faces
pressed into contact.

A method according to claim 5, including pro- 20
vision for cushioning (33,41,42,43) at the head

end provided in the spacer (11) which pre-
cedes the gland (10).

A method according to claim 1, comprising 25
providing trunnions (65) on the cylinder barrel

(5) by forming the trunnions (65) on a split
block (62a, 62b) which can be clamped around

the cylinder barrel (5), forming an annular pro-
jection on the bore of the split block (62a,62b), 30
forming an annular groove (66) in the wall of

the cylinder barrel (5) and engaging the an-
nular projection in the annular groove (66) be-

fore tightening clamp means (64) of the split
block (62a,62b) thereby to lock the split block 35
axially on the cylinder barrel (5).
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