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A lifting unit for the forks of lift trucks.

@ In a unit for lifting the forks of lift trucks using
one or more single-acting hydraulic cylinders
(19) to lift or lower the forks, in two opposite
end-of-travel strokes of the piston (31) of the
hydraulic cylinder (19), interception means (37,
34) determine a reduction in the cross-section
of the working fluid outflow respectively from a
first chamber (44) and from a second chamber
(45) of variable volumes inside the hydraulic
cylinder (19) ; this brakes the travel of the piston
(31) and thus of the actuating rod (33), which is
integral with the latter, preventing abrupt stres-
ses being applied to the load on the forks.
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The subject of the present invention is a unit for
lifting the forks of lift trucks.

As is known, lift trucks are provided with a fork
lifting unit having at least one single-acting hydraulic
cylinder kinematically connected to the forks. The hy-
draulic cylinder has a cylindrical body in which there
is slideably mounted a piston coaxially integral with an
actuating rod. In order to lift the forks, the hydraulic
cylinder is supplied with working fluid from a pump
through a hydraulic distributor such that the actuating
rod of the hydraulic cylinder moves the forks upwards.
The forks are lowered by gravity, the hydraulic cylin-
der always being connected for discharge through the
hydraulic distributor.

The forks are secured to a plate which slides
along a frame during the said lifting and lowering
movements. The frame can be of simple construction
or telescopic and the number of hydraulic cylinders
can vary according to the type of lift truck. Some
types of lift trucks with telescopic frames are provid-
ed for example with a pair of hydraulic cylinders the
action of which causes the forks to rise and the frame
to extend simultaneously, by virtue of suitable kine-
matic components. Other types of lift trucks with tele-
scopic frames are provided with a third hydraulic cy-
linder in addition to the pair of hydraulic cylinders; in
this case, the third hydraulic cylinder lifts the forks
when the frame is not extended whilst the pair of hy-
draulic cylinders merely extend the frame. In all cas-
es, the lowering movement of the forks corresponds
to the lifting movement.

During these fork lifting and lowering move-
ments, the hydraulic cylinders reach the end of their
travel somewhat abruptly even though the operator
usually reduces the inflow and outflow speed of the
working fluid in the hydraulic cylinders, acting suitably
on the hydraulic distributor, as they reach the end of
their travel.

This evidently disturbs the load on the forks with
undesirable consequences such as the shifting of the
load itself or the movement or even the breaking of
elements constituting the load, etc.

The situation is aggravated in cases in which, for
example, the operator is distracted and forgets to re-
duce the inflow and outflow speed of the working fluid
in the hydraulic cylinders. In this case, the hydraulic
cylinders reach the end of their travel violently, which
can have serious consequences such as the dropping
of the load, breakage of the load, etc.

The object of the presentinvention is to overcome
the said disadvantages.

This object is achieved by means of a unit for lift-
ing the forks in lift trucks which comprises atleast one
single-acting hydraulic cylinder kinematically con-
nected to the forks and comprising a cylindrical body
in which there slides a piston integral with an actuat-
ing rod, the forks being lifted as a result of the hy-
draulic cylinder being supplied with working fluid and
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the forks being lowered by gravity with the discharge
delivery of the working fluid, characterised in that be-
tween the piston and a base of the cylindrical body is
defined a first internal chamber communicating with
at least one working fluid inflow and outflow duct; in
that between the rod and the cylindrical body is de-
fined a second internal chamber opposite the first
chamber with respect to the piston and communicat-
ing with the first chamber; and in that interception
means are provided which, during an end-of-travel
stroke of the piston towards the base, determine a
narrowing of the cross-section of the fluid outflow
from the first chamber to the fluid inflow and outflow
duct, and which, during the opposite end stroke, de-
termine a narrowing of the cross-section of the fluid
outflow from the second chamber towards the first
chamber.

For a better understanding of the invention, a
non-limiting embodiment thereof will now be descri-
bed and is illustrated in the appended drawings, in
which:

Figure 1 shows a perspective view of a lift truck

provided with alifting unit according to the inven-

tion;

Figures 2 and 3 show perspective views of the

movement of the lifting unit of Figure 1;

Figure 4 shows a longitudinal section of a hy-

draulic cylinder of the lifting unit of Figure 1; and

Figures 5, 6, 7, 8 and 9 show longitudinal sections

of the movement of the hydraulic cylinder of Fig-

ure 4.

The lift truck in Figure 1, designated 10, compris-
es a lifting unit 11 which lifts the forks 12 of the lift
truck.

The lifting unit 11 comprises a telescopic frame
13 along which a plate 14, integral with the forks 12,
is lifted. The frame 13 comprises a pair of fixed outer
uprights 15, a pair of movable intermediate uprights
16, and a pair of movable inner uprights 17.

The lifting unit 11 further has a central hydraulic
cylinder 18 and a pair of side hydraulic cylinders 19;
all these hydraulic cylinders are single-acting. The
central hydraulic cylinder 18 is integral with the pair
of movable inner uprights 17 and is connected to the
fork-bearing plate 14 by means of chains 20 which
wind about respective pulleys 21 rotatably supported
on a head 22 on which the actuating rod of the said
hydraulic cylinder 18 acts. The pair of side hydraulic
cylinders 19 is integral with the pair of fixed outer up-
rights 15 and their actuating rods act on the pair of
movable intermediate uprights 16. These uprights 16
are connected to the pair of movable inner uprights 17
by means of chains 23 which wind about respective
pulleys 24 rotatably supported on the said pair of up-
rights 16.

Both the central hydraulic cylinder 18 and the pair
of side hydraulic cylinders 19 are supplied with work-
ing fluid from a pump by means of a hydraulic distrib-
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utor.

In order to lift the forks 12, firstly the working fluid
acts on the movable portion of the central hydraulic
cylinder 18 which, by means of the pulleys 21 and
chains 20, lifts the plate 14 with the forks 12 along the
pair of inner uprights 17, as shown in Figure 2; during
this movement, the fork-bearing plate can evidently
be lifted to its maximum at the upper end of the pair
of uprights 17. If it is required to lift the fork-bearing
plate 14 further, the same working fluid also acts on
the movable portion of the pair of hydraulic cylinders
19 which cause the pair of intermediate uprights 16 to
slide upwards along the pair of fixed uprights 15 and
which, at the same time, cause the pair of inner up-
rights 17 to slide upwards along the pair of intermedi-
ate uprights 16, by means of the pulleys 24 and
chains 23, as shown in Figure 3. The fork-bearing
plate 14 can thus arrive at the maximum lifted posi-
tion corresponding to the maximum extension of the
frame 13. It can be seen that the fork-bearing plate 14
can be stopped in any intermediate position between
its initial, lowered position and its maximum, lifted
position. In order to lower the fork-bearing plate 14,
the working fluid is discharged and all the compo-
nents described above move in the opposite direc-
tion.

Figure 4 shows one of the two side cylinders 19
in longitudinal section; the other cylinder 19 is identi-
cal in all respects. The central cylinder 18 corre-
sponds in structure and function to the cylinder illu-
strated in Figure 4, and only differs in its dimensions.

The structure of the hydraulic cylinder illustrated
in Figure 4 comprises a hollow cylindrical body 30 ac-
commodating a piston 31 in a sliding manner. The pis-
ton 31 is coupled with the body 30 in a fluidtight man-
ner by means of a seal 32. A hollow actuating rod 33,
sliding inside the body 30, is coaxially integral with the
piston 31. A guide bush 34, clamped in position by a
lock nut 35, is provided at one end of the body 30, dis-
posed between the rod 33 and the body 30. At the
other end, the body 30 has a base 36 from which ex-
tends, inside the body 30, a hollow tang 37 for cou-
pling, with clearance, with a shaped axial through hole
38 in the piston 31. This hole 38 opens on one side to
the inside of the hollow rod 33, and has a short portion
50 with a diameter slightly greater than the outer di-
ameter of the tang 37, the remaining portion of the
hole 38 having a diameter greater than the diameter
of such short portion 50. Furthermore, the hole 38 has
a lower flaring and the tang 37 has a corresponding
flaring of its upper end portion.

A duct 39, connected to the feed pump, indicated
40, by means of the hydraulic distributor, indicated 41,
is provided in the base 36. On the interior the hollow
tang 37 defines a duct 42 which communicates on
one side with the duct 39 by means of a safety valve
43 and on the other side with the interior of the body
30.
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During movement of the piston 31, a first internal
chamber 44 of variable volume (as can be clearly
seen in Figures 5 to 9) is defined between the piston
31 and the base 36, and a second, annular, internal
chamber 45 of variable volume is defined between
the rod 33 and the body 30. The base 36 alsc accom-
modates two ducts 46,47 connected each other and
connecting the duct 39 and the first chamber 44. In
the duct 47 a check valve is formed, comprising a ball
valve member 51, having a diameter smaller than the
diameter of the duct 47, which rests on a seat 52 and
is retained in the duct 47 by a pin 53 transversely in-
serted in the duct. The hollow rod 33 has three per-
ipherally equidistant holes 48, of which only one is
shown in the drawings; the holes 48 put the second
chamber 45 into communication with the interior of
the rod 33. The piston 31 has two transversal ducts
49, each of which has a portion of narrow cross-
section and communicates on one side with the sec-
ond chamber 45 via the space between the piston 31
and the body 30 and on the other side with the hole
38 in the piston 31.

The operation of the hydraulic cylinder illustrated
in Figure 4 is as follows:

It is assumed in the rest state, that is, the state
shown in Figure 4, all the internal parts of the hydraul-
ic cylinder are full of fluid from the hydraulic actuating
circuit comprising the pump 40 and the hydraulic dis-
tributor 41.

The fluid under pressure generated by the pump
40 and delivered to the hydraulic cylinder by means
of the hydraulic distributor 41 enters the hollow rod
33, through the ducts 39 and 42, such that it exerts
an action on the rod; at the same time, the pressu-
rised fluid passes through the ducts 46 and 47, mov-
ing the ball valve member 51 away from the seat 52
and pushing it against the pin 53, and then flows in the
chamber 44 such that it also exerts pressure on the
piston 31. In this way the piston 31 with the rod 33
moves upwards, as shown in Figures 5 and 6. During
this upward travel of the piston 31 and the rod 33, the
first chamber 44 increases in volume whilst the sec-
ond chamber 45 decreases in volume and the fluid in
the said chamber 45 flows out of the latter into the rod
33 through the holes 48.

When the holes 48 are obstructed by the guide
bush 34, as shown in Figure 7, the fluid in the second
chamber 45 is forced to flow from the latter only
through the space between the piston 31 and the
body 30 and through the transversal ducts 49 and
then flows through the hole 38 in the piston 31. This
produces a braking effect on the travel of the piston
31 and of the rod 33 during the end stroke of this up-
ward travel.

Downward movement takes place under gravity,
the duct 39 being connected for discharge through the
distributor 41. The weight on the rod 33 moves the
piston 31 downwards, as shown in Figure 8, and the
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fluid in the body 30 is discharged only through the
ducts 42 and 39, since the fluid pressure pushes and
keeps the ball valve member 51 against the seat 52
and therefore prevents fluid passage from the duct47
to the duct 46.

When the hole 38 of the piston 31 opens into the
tang 37, as shown in Figure 9, the fluid in the first
chamber 44 flows only through the space between
the tang 37 and the hole 38 and then discharges
through the ducts 42 and 39. Since between the tang
37 and the portion 50 of the hole 38 a narrow cross-
section passage is formed, a braking effect is pro-
duced on the travel of the piston 31 and of the rod 33
during the end stroke of the downward travel.

The fluidtight seal 32, mounted on the piston 31,
prevents any blow-back of fluid between the two
chambers 44, 45, such that the fluid is forced to pass
through the passages with narrow cross-sections
during the said end-of-travel strokes.

The safety valve 43, of known type, operates
when the hydraulic circuit connected to the hydraulic
cylinder described is broken, preventing the sudden
descent of the piston 31 and of the rod 33 by blocking
the passage of fluid from the duct 42 to the duct 39.

The other side hydraulic cylinder 19 and the cen-
tral cylinder 18 are likewise fed from the said pump
40 through the hydraulic distributor 41 and operate in
the same manner as described above.

By virtue of the braking action described above,
the arrival of the hydraulic cylinder 18 and of the pair
of hydraulic cylinders 19 at the respective ends of
their upward travel, when the forks 12 are lifted, or
downward travel, when the forks are lowered, is par-
ticularly smooth such that the load on the forks is not
disturbed and the disadvantages mentioned initially
are overcome.

It should be noted that this is achieved without
substantial alteration of the structure of the hydraulic
cylinders and thus without altering their dimensions
and weight, hence the obvious advantages.

It should be further noted that such hydraulic cy-
linders with a braking action are structurally very sim-
ple, consisting of few elements, and therefore are
really reliable.

At the delivery stage, the ducts 46,47 in addition
to the ducts 39,42 ensure a great flow of delivery fluid
into the cylinder and therefore a very low loss of pres-
sure. This is aremarkable advantage, since at the de-
livery stage a high loss of pressure overloads the
pump and increases the power consumption of the lift
truck. Moreover, when more cylinders are provided
hydraulically connected in series, a high loss of pres-
sure may alter the operation sequence of the cylin-
ders.

The check valve formed in the duct 47 is particu-
larly simple and reliable.

The flaring of the tang 37 and of the hole 38 en-
sures the coupling of such elements.

10

15

20

25

30

35

40

45

50

55

The shape of the hole 38 and of the ducts 49 is
economical from the manufacturing point of view.

It will be appreciated that variants of and / or ad-
ditions to that which has been described above and
illustrated in the drawings are possible.

The actuating unit can comprise any number of
hydraulic actuating cylinders, for example one central
hydraulic unit alone or only one pair of side hydraulic
units, etc.

Hydraulic cylinders of this type can be supplied
with working fluid in any suitable manner.

Different arrangements of the various compo-
nents constituting the hydraulic cylinder are possible.
For example, a solid actuating rod can be used in-
stead of a hollow one, providing the appropriate,
equivalent hydraulic connections such that the above
braking effects are achieved.

One or more main passages and one or more
auxiliary passages can be provided, which put the flu-
id inflow and outflow duct into communication with
the first chamber, and this applies also to the commu-
nication between the second chamber and the first
chamber. Particularly, more auxiliary, delivery pas-
sages can be provided such that formed by the ducts
46,47, each with a check valve inside. Passages of
this type can be produced in any manner. There can
also be more fluid inflow and outflow ducts.

Instead of being integral with the base, the hollow
tang can be integral with the piston and, accordingly,
the hole with which the tang is coupled is in the base
instead of in the piston.

Instead of the pair comprising the tang and the
hole and instead of the bush, other equivalent inter-
ception means limiting and impeding, respectively,
the flow of fluid through the main passages during the
end-of-travel strokes of the piston can be provided.

In general, interception means can be provided
which reduce the cross-section of the fluid outflow
from the first and second chambers during the end-
of-travel strokes of the piston and actuating rod. In-
terception means of this type can also be progres-
sive, for example, on the one hand by suitably shap-
ing the tang and/or the hole, and on the other hand by
providing openings for the passage of the fluid dis-
posed such that they are progressively closed by the
guide bush.

Claims

1. Alifting unit (11), for the forks (12) of lift trucks
(10), having at least one single-acting hydraulic
cylinder (18; 19) kinematically connected to the
forks (12) and comprising a cylindrical body (30)
in which slides a piston (31) which is integral with
an actuating rod (33), the forks (12) being lifted
as a result of the hydraulic cylinder (18; 19) being
supplied with working fluid and the forks (12) be-
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ing lowered by gravity, discharging the working
fluid, characterised in that between the piston
(31) and a base (36) of the cylindrical body (30)
is defined a first internal chamber (44) communi-
cating with at least one duct (39) for the inflow
and outflow of the working fluid; in that between
the rod (33) and the cylindrical body (30) is de-
fined a second internal chamber (45) opposite
the first chamber (44) with respect to the piston
(31) and communicating with the said first cham-
ber (44); and in that interception means (37,34)
are provided which, during an end-of-travel
stroke of the piston (31) towards the said base
(36), determine a narrowing of the cross-section
of the fluid outflow from the first chamber (44) to
the fluid inflow and outflow duct (39), and which,
during the opposite end stroke, determine a nar-
rowing in the cross-section of the discharge of the
fluid outflow from the second chamber (45) to the
first chamber (44).

A lifting unit according to Claim 1, wherein the
first chamber (44) communicates with the fluid in-
flow and outflow duct (39) through at least one
main passage (42) and at least one auxiliary pas-
sage (46,47) provided with check valve means
(51-53) which prevent the fluid flow from the first
chamber (44) to the fluid inflow and outflow duct
(39); wherein the second chamber (45) commu-
nicates with the first chamber (44) through at
least one main passage (48) and atleast one nar-
row auxiliary passage (49); and wherein the said
interception means comprise first interception
means (37,38) limiting fluid discharging from the
first chamber (44) to the fluid inflow and outflow
duct (39) through the respective main passage
(42) during the said end-of-travel stroke of the
piston (31) towards the base (36), and second in-
terception means (34) which prevent the dis-
charge of fluid from the second chamber (45) to
the first chamber (44) through the respective
main passage (48) during the opposite end-of-
travel stroke.

Alifting unit according to Claim 2, wherein the ac-
tuating rod (33) is hollow; and wherein the firstin-
terception means comprise a tang (37) which is
integral with the base (36) of the cylindrical body
(30), and which is coupled, with clearance, with a
through hole (38) in the piston (31) opening on
one side into the rod (33), there being accommo-
dated in the tang (37) a duct (42), forming the said
main passage relative to the first chamber (44),
which communicates on one side with the said
fluid inflow and outflow duct (39) and on the other
side opens out on the exterior of the tang (37) in
the direction of the through hole (38) in the piston
(31).
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4,

10.

A lifting unit according to Claim 3, wherein the
through hole (38) has a narrow portion (50) such
that a narrow passage is formed between the
tang (37) and the hole (38); and wherein the tang
(37) and the hole (38) have a corresponding up-
per and lower flaring respectively.

A lifting unit according to Claim 3, wherein the
auxiliary passage (46,47) relative to the first
chamber (44) is provided in the base (36) of the
cylindrical body (30); and wherein the check
valve means comprise a ball valve member (51)
which rests on a seat (52) of a duct (47) of said
auxiliary passage and which is retained in said
duct (47) by a pin (53) transversely inserted in the
duct (47).

A lifting unit according to any of the Claims 2 to
5, wherein the actuating rod (33) is hollow and its
interior communicates with the first chamber
(44); wherein the said rod (33) has a plurality of
through holes (48) each of which forms the said
main passage relative to the second chamber
(45); and in which the said second interception
means comprise a bush (34) which is disposed
between the rod (33) and the cylindrical body (30)
and which impedes the said through holes (48)
during the opposite end-of-travel stroke.

Alifting unit according to Claim 6, wherein a plur-
ality of auxiliary passages relative to the second
chamber (45) are formed in the piston (31), and
comprise through transversal ducts (49) each
having a portion with a narrow cross-section and
communicating with the second chamber (45)
through the space between the piston (31) and
the cylindrical body (30).

A lifting unit according to any of the preceding
Claims, wherein a central hydraulic cylinder (18)
kinematically connected to the forks (12) and a
pair of side hydraulic cylinders (19) kinematically
connected to the central hydraulic cylinder (18)
through a telescopic frame (13) are provided.

A lifting unit according to any of the Claims 1 to
7, wherein a single hydraulic cylinder kinematical-
ly connected to the forks is provided.

A lifting unit according to any of the Claims 1 to
7, wherein a pair of side hydraulic cylinders kine-
matically connected to the forks through a tele-
scopic frame is provided.
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