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Description

This invention relates to lift trucks and more
particularly to mast assemblies for lift trucks of
the kind having a telescopic mast assembly which
is operable to move a lifting carriage, usually
provided with forks, from a lowered position at
ground level to a raised position at the top of the
extended mast assembly.

For certain applications it is important for the
overall height of the truck to be as low as
possible, for example where the truck is to be
used in areas of restricted head room such as
ships holds. In order to achieve this, it has been
proposed to make the mast assembly in three
sections, comprising a fixed section secured to
the chassis, and two telescopic sections movably
mounted with respect to the fixed section. These
movable sections comprise a first movable sec-
tion on which the lifting carriage is slidably
mounted, and a second movable section on
which the first section is slidably mounted and
which is itself slidably supported on the fixed
section.

Means are provided for extending the movable
sections and for moving the carriage along the
first movable section. These usually comprise
hydraulic cylinders coupled to the carriage and to
one or more of the sections by chains.

The telescopic mast assembly and the lifting
carriage are usually located forward of the driving
position, and known arrangements of mast
assembly frequently suffer from the disadvantage
of restricting the driver’s view of the load and the
lifting carriage from the driving position. This
problem is particularly aggravated in three-sec-
tion telescopic mast assemblies, as the combined
width of the sections and their operating cyclin-
ders seriously hamper the driver's view.

WO—A—8103014 describes a fork-lift truck
having a mast assembly comprising a fixed mast
section and two relatively movable telescopic
mast sections, in which the telescopic mast sec-
tions comprise a first movable section supporting
a slidably mounted lifting carriage, and a second
movable section slidably mounted with respect to
the fixed section and slidably supporting the first
movablie section, and hydraulic cylinder means
for extending the movable sections and for rais-
ing the carriage up to the first movable section. In
this known arrangement the first and second
movable sections are raised by hydraulic cylin-
ders operating between the first movable section
and the fixed section. At an intermediate position
of the hydraulic cylinders the first movable sec-
tion engages conventional stops on the second
movable section and, thereafter, further exten-
sion of the hydraulic cylinders causes the second
movable section to be raised in relation to the
fixed section. Two further hydraulic cylinders are
mounted in parallel between the first movable
section and the carriage; the cylinders being
connected to the first movable section and the
piston rods being connected to the carriage. This
arrangement does not permit raising of the
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carriage by an amount greater than the full
extension of the cylinders operating between the
first movable section and the fixed section. To
increase the amount by which the carriage can be
raised the present invention provides separate
hydraulic cylinders operating between the fixed
section and the second movable section and
between the first movable section and the second
movable section respectively. Such a provision is
not contemplated in WO—A—8103014 and the
problems which the concomitant proliferation of
cylinders would cause in relation to driver visibili-
ty are not addressed.

FR—A—2453820 describes a three-section mast
assembly employing hydraulic cylinders and
reeving chains. The movable sections of the mast
being raised by a single cylinder via reeving
chains; the single cylinder being located to one
side of the mast assembly to improve driver
visibility.

According to the invention, there is provided a
telescopic mast assembly to a lift truck compris-
ing a fixed mast section, and two relatively mov-
able telescopic mast sections movably mounted
with respect to the fixed section, said telescopic
mast sections comprising a first movable section
supporting a slidably mounted lifting carriage,
and a second movable section slidably mounted
with respect to the fixed section, and slidably
supporting the first movable section, and hy-
draulic cylinder means for extending the movable
sections and for raising the carriage up the first
movable section, characterised in that said hy-
draulic cylinder means comprises first hydraulic
cylinder means operating between the fixed sec-
tion and the second movable section, second
hydraulic cylinder means operating between the
second movable section and the first movable
section, and third hydraulic cylinder means oper-
ating between the first movable section and the
carriage, and in that the third hydraulic cylinder
means comprises a single hydraulic cylinder, the
piston rod of which is fixed to the first movable
section and the cylinder of which is fixed to the
carriage.

The use of hydraulic cylinder means has a
number of advantages compared with the combi-
nation of hydraulic cylinders and lifting chains.
Firstly, hydraulic cylinders are more reliable and
have a longer life than chains and do not require
the frequent adjustment which is usually
necessary with a chain system. Secondly, the use
of hydraulic cylinders enables the cylinders to be
located in positions which do not unduly interfere
with the driver’s view.

Because the use of reeving chains in prior
masts leads lead to a 2:1 ratio between the
cylinder extension and travel of the carriage,
relatively large cylinders must be used to provide
the necessary power. In a mast assembly of the
present invention smatler diameter cylinders may
be used and this leads to a great improvement in
the obtainable driver visibility.

The mast sections, as in conventional practice,
each suitably comprise a pair of channel section
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uprights, and in a preferred embodiment of
the invention, the first hydraulic cylinder
means which operates between the fixed mast
section and the second movable section com-
prise a pair of matched hydraulic cylinders
each of which is located behind the approp-
riate channel section upright. By locating the
cylinders behind the channel section uprights,
they are thus placed in the blind spot aiready
created by the uprights, and thus do not fur-
ther restrict the driver’s view.

In the arrangement according to the inven-
tion, the piston rod of the third hydraulic
cylinder means is fully extended in the
lowermost position of the carriage, and in or-
der to raise the carriage, the piston rod is re-
tracted into the cylinder. Thus, the piston rod
becomes the only element in the line of sight
of the driver when the carriage is lowered,
and, as this is substantially narrower than the
cylinder, a significant improvement in visibility
is achieved. The use of a cylinder in tension
also enables the bearing spread to be re-
duced thus maximizing the amount of exten-
. sion available from the cylinder.

Preferably, the second hydraulic cylinder
means disposed between the second movable
section and the first movable section com-
prises a single hydraulic cylinder which is off-
set in relation to the central longitudinal axis
of the assembly. By a corresponding off-set-
ting of the driver’'s position, the restriction of
visibility posed by the single hydraulic
cylinder is substantiaily reduced.

The three hydraulic cylinder means are hy-
draulically interconnected so as to operate
sequentially, the sequence comprising firstly
the positioning of the carriage along the first
movable section, secondly the raising of the
first movable section relative to the second
movable section, and thirdly the lifting of the
second movable section relative to the fixed
section. This sequential operation of the cylin-
ders can be achieved using a single hydraulic
circuit by appropriate choice of the piston dia-
meters.

Further improvements in visibility can be
made by the particular design of the mast
sections. The channel section upright forming
the mast sections are provided with streng-
thening flanges, and preferably the width of
these flanges is substantially reduced. This
can be done without unduly impairing the
strength of the uprights by utilising rolled
sections rather than welded sections, which
have less strength in the corners than a rol-
led section. In a particular embodiment, the
channel section uprights each comprise a pair
of rolled angle sections which are welded
together along the margins of the longer
flange to produce the required channel sec-
tion.

In order that the invention may be more
fully understood, embodiments in accordance
therewith will now be described by way of
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example with reference to the accompanying
drawings, in which:

Fig. 1 shows a side elevation of a mast
assembly;

Fig. 2 shows a top view of the mast
assembly of Fig. 1, and

Fig. 3 shows a front view of the mast
assembly shown in Figs. 1 and 2.

Referring to the drawings, these show a tele-
scopic mast assembly for a fork-lift truck in
which the driver position is indicated by A.
The mast assembly is formed from a fixed
section 10 which is mounted on the chassis of
the vehicle via mounting brackets 8, 9 and
which comprises a pair of channel section up-
rights 11, 12 interconnected by side plates 6,
strengthening beams 7, and a transverse beam
13. In some instances the fixed section 10 may
be tiltable in relation to the vehicle chassis.

Two telescopic sections 15, 16 are movably
mounted with respect to the fixed section 10.
These telescopic sections comprise a first
movable section 16 formed from a pair of
channel section uprights 17, 18, and a second
movable section 15 formed from channel sec-
tions 20, 21.

The first movabie section 16 is slidably
mounted in the second movable section 15 by
means of rollers 22 which engage inside the
channel section uprights 20, 21. The second
movable section 15 is slidably mounted in fix-
ed section 10 by means of rollers 25 which
engage within the channel section uprights
11, 12. Movably mounted in relation to the
first movable section 16 is a carriage asembly
26 which carries forks 27 and which is slid-
able relative to the first movable section 16
by means of rollers 30 which engage within
the channel section uprights 17, 18.

Thus, the carriage 26 is movable up and
down the first movable section 16; the first
movable section 16 is movable up and down
the second movable section 15; and the
second movabie section 15 is movable up
and down the fixed section 10.

Relative movement of these elements is
provided by three hydraulic cylinder and pis-
‘ton assemblies. These comprise a first hy-
draulic piston and cylinder assembly com-
posed of a pair of matched hydraulic cylinder
and pistons 32, 33 which operate between the
fixed mast section 10 and the second mov-
able section 1b. Each assembly comprises a
cylinder 35 which is fixed at one end to the
fixed section by means of a plate 34 and a
piston rod 36 which is secured to a plate 37
connected to the second movable section 15.
Pressurisation of cylinder 35 causes piston rod
36 to extend out of the cylinder, taking with
it the second movable section 15.

As will be seen from Fig. 2, the cylinder
assemblies 32, 33 are located immediately be-
hind the uprights 11, 12 of the fixed mast
section 10, and thus do not impair visibility
through the mast assembly.
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Relative movement between the second mov-
able section 15 and the first movable section 16 is
controlled by a single hydraulic piston and
cylinder assembly 40 the lower end of which is
fixed to a plate 42 which is welded onto a cross-
bar 41 interconnecting the uprights 20, 21 of the
second movable section. The piston rod 43 is
connected to plate 45 which in turn is connected
to and braces the uprights 17, 18 of the first
movable section 16.

As will be seen from Fig. 2, cylinder assembly
40 is off-set from the centre line of the mast
assembly, and as the driving position A is also off-
set, a corresponding improvement in visibility is
achieved.

Relative movement between the carriage 26
and the first movable section 16 is controlied by a
single hydraulic cylinder assembly 50 operating
in tension, and the piston rod 52 of which is
secured to plate 45 by brackets 55 and the
cylinder 51 of which is secured at its free end to
the carriage 26 via a cross brace, trunnions 24,
and carriage stiles 23. As will be seen from Fig. 3,
the extending position of the piston rod 52 corres-
ponds to the lowermost position of the carriage
26, and in this position only the narrow piston rod
is disposed in front of the driver’s view. Thus, by
arranging for retraction of the piston rod to raise
the carriage, substantially improved visibility is
achieved.

During operation, the hydraulic jacks operate
sequentially so that on initial operation of the
lifting circuit, the carriage 26 is moved upwardly
along the first movable section from the
lowermost position to the uppermost position
shown in dotted lines in Fig. 1. It will be appreci-
ated that this can be achieved without extending
the height of the mast assembly. Once the
carriage has reached its uppermost position,
cylinder assembly 40 is then operated to act
between the plate 45 and cross-bar 41 to raise the
first movable section along the second movable
section. When the first movable section has
moved to its maximum height relative to the
second movabie section, the pair of cylinders 32,
33 then act on plates 37 to raise the second
movable section, with the first movable section
and carriage, upwardly relative to the fixed sec-
tion 10 so as to bring the mast to its full height.

It will be seen from Fig. 2 that the rollers which
guide the telescopic movement of the sections
are substantially the same width as the channel
section uprights themselves. The very minimal
width of the flanges forming these channel sec-
tion uprights is achieved by using rolled sections
which have correspondingly greater strength in
their corner regions than welded sections. The
driver’s sight-lines are shown in Fig. 2, and it will
be appreciated from this drawing that the use of
larger flanges on the uprights themselves would
substantially interfere with the free visibility pro-
vided. It will be appreciated that the crucial
element in driver visibility is the ability of the
driver to see the tips of the forks during a lifting
operation, and as will be seen from Fig. 2, this is
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adequately achieved with the mast section
according to the invention.

Claims

1. A telescopic mast assembly for a lift truck
comprising a fixed mast section (10}, and two
relatively movable telescopic mast {15, 16} sec-
tions movably mounted with respect to the fixed
section, said telescopic mast sections compising
a first movable section {16) supporting a slidably
mounted lifting carriage (26), and a second mov-
able section (15) slidably mounted with respect to
the fixed section, and slidably supporting the first
movable section, and hydraulic cylinder means
for extending the movable sections and for rais-
ing the carriage up the first movable section,
characterised in that said hydraulic cylinder
means comprises first hydraulic cylinder means
{32, 33) operating between the fixed section and
the second movable section (15), second hy-
draulic cylinder means (40) operating between
the second movable section and the first movable
section (16), and third hydraulic cylinder means
{50} operating between the first movable section
and the carriage (26), and in that the third hy-
draulic cylinder means comprises a single hy-
draulic cylinder {51, 52), the piston rod (52) of
which is fixed to the first movable section and the
cylinder (51} of which is fixed to the carriage.

2. A mast assembly as claimed in Claim 1
wherein the second hydraulic cylinder means (40)
comprises a single hydraulic cylinder which is off-
set in relation to the central longitudinai axis of
the assembly.

3. A mast assembly as claimed in any preceding
claim wherein the three hydraulic means are
hydraulically connected in series to operate
sequentially; the sequence comprising firstly the
positioning of the carriage (26) along the first
movable section (16), secondly the raising of the
first movable section relative to the second mov-
able section (15) and thirdly the lifting of the
second movable section relative to the fixed
section (10).

4. A mast assembly as claimed in any preceding
claim wherein each mast section comprises a pair
of ghannel section uprights {11, 20, 21, 17, 18).

5. A mast assembly as claimed in any preceding
claim wherein the carriage is mounted for sliding
movement relative to the first movable section by
means of rollers (30} fixed to the carriage and
running in the channel section uprights of the first
movable section.

6. A mast assembly as claimed in any preceding
claim wherein the first movabie section is
mounted for sliding movement relative to the
second movable section by means of rollers {22}
fixed to the first movable section and running in
the channel section uprights of the second mov-
able section.

7. A mast assembly as claimed in any preceding
claim wherein the second movable section is
mounted for sliding movement relative to the
fixed section by means of rollers (25) fixed to the
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second movabie section and running in the
channel section uprights of the fixed section.

Patentanspriche

1. Eine Teleskopmast-Baugruppe fur einen
Hubstapler, bestehend aus einem gestellfesten
Mastabschnitt (10), und zwei relativ beweglichen
teleskopartigen Mastabschnitten (15, 16}, die be-
20glich des gestelifesten Abschnittes beweglich
gehaitert sind, wobei die teleskopartigen Mast-
abschnitte einen ersten beweglichen Abschnitt
(16} umfassen, der einen gleitbar gelagerten
Hubschlitten (26) trégt, und einen zweiten beweg-
lichen Abschnitt (15), der beziiglich des gestell-
festen Abschnittes gleitbar gelagert ist und den
ersten beweglichen Abschnitt gleitbar tragt,
sowie Hydraulikzylindermittel zum Ausfahren der
beweglichen Abschnitte und zum Anheben des
Schlittens entlang der ersten beweglichen
Abschnittes, dadurch gekennzeichnet, dafR die
genannten Hydraulikzylindermittel erste
Hydraulikzylindermittel (32, 33), die zwischen
dem gestellfesten und dem zweiten beweglichen
Abschnitt (15) angreifen, zweite Hydraulik-
zylindermittel (40), die zwischen dem zweiten
beweglichen und dem ersten beweglichen
Abschnitt (16} angreifen, und dritte Hydraulik-
zylindermittel (50}, die zwischen dem ersten be-
weglichen Abschnitt und dem Schlitten (26} an-
greifen, umfassen und daR die dritten Hydraulik-
zylindermittel einen einzelnen Hydraulikzylinder
{51, 52) umfassen, dessen Kolbenstange (52) an
dem ersten beweglichen Abschnitt und dessen
Zylinder (51} am Schlitten befestigt ist.

2. Eine Mastbaugruppe nach Anspruch 1, wobei
die zweiten Hydraulikzylindermittel (40) einen ein-
zelnen Hydraulikzylinder umfassen, der beziiglich
der zentralen Langsachse der Baugruppe versetzt
angeordnet ist.

3. Eine Mastbaugruppe nach einem der vor-
hergehenden Anspriche, wobei die drei
Hydrauiikmittel hydraulisch seriell verbunden
sind, um folgegesteurert zu arbeiten, wobei die
Folgesteuerung erstens die Positionierung des
Schiittens (26) entlang dem ersten beweglichen
Abschnitt (16), zweitens das Anheben des ersten
beweglichen Abschnittes relativ zum zweiten be-
weglichen Abschnitt (15) und drittens das Anhe-
ben des zweiten bewegiichen Abschnittes relativ
zum gestellfesten Abschnitt (10) umfafit.

4. Eine Mastbaugruppe nach einem der vor-
hergehenden Anspriiche, wobei jeder Mast-
abschnitt ein Paar kanalartig profilierter Sténder
(11, 20, 21, 17, 18) umfafit.

5. Eine Mastbaugruppe nach einem der vor-
hergehenden Anspriiche, wobei der Schlitten zur
gleitbaren Bewegung relativ zum ersten beweg-
lichen Abschnitt mittels Rollien (30) gelagert ist,
die am Schlitten befestigt sind und in den kanalar-
tig profilierten Sténdern des ersten beweglichen
Abschnittes ablaufen.

6. Eine Mastbaugruppe nach einem der vor-
hergehenden Anspriiche, wobei der erste beweg-
liche Abschnitt zur gleitbaren Bewegung relativ
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zum zweiten beweglichen Abschnitt mittels
Rollen {22) gelagert ist, die am ersten beweg-
lichen Abschnitt befestigt sind und in den kanalar-
tig profilierten Standern des zweiten beweglichen
Abschnittes ablaufen.

7. Eine Mastbaugruppe nach einem der vor-
hergehenden Anspriiche, wobei der zweite be-
wegliche Abschnitt zur gleitbaren Bewegung re-
lativ zum gestelifesten Abschnitt mittels Rollen
(2b) gelargert ist, die am zweiten bewegiichen
Abschnitt befestigt sind und in den kanalartig
profilierten Standern des gestellfesten
Abschnittes ablaufen. :

Revendications

1. Assemblage de mat télescopique pour chariot
élévateur comprenant une section de mat fixe (10)
et deux sections de méat télescopique (15, 16)
mobiles I'une par rapport a I'auatre montées mobi-
les par rapport a la section fixe, lesdites sections de
maét télescopique comprenant une premiére sec-
tion mobile {16) supportant un chariot de levage
monté coulissant (26), et une seconde section
mobile (15) montée coulissante par rapport a la
section fixe et supportant a coulissement la
premiére section mobile, et un dispositif de cy-
lindre hydraulique pour la mise en extension des
sections mobiles et pour le levage du chariot le
long de la premiére section mobile, caractérisé en
ce que ledit dispositif de cylindre hydraulique
comprend un premier dispositif de cylindre hyd-
raulique (32, 33) agissant entre la section fixe et la
seconde section mobile (15}, un second dispositif
de cylindre hydraulique (40) agissant entre la
seconde section mobile et la premiére section
mobile (18), et un troisiéme dispositif de cylindre
hydraulique (50) agissant entre la premiére section
mobile et le chariot {26}, et en ce que e troisieme
dispositif de cylindre hydraulique comprend un
seul cylindre hydraulique (51, 52}, dont la tige de
piston {52} est fixée & la premiére section mobile et
dont le cylindre (51) est fixé au chariot.

2. Assemblage de mét selon la revendication 1
dans lequel le second dispositif de cylindre hyd-
raulique (40) comprend un seul cylindre hy-
draulique qui est décalé par rapport a I'axe longi-

+ tudinal central de I'assemblage.

3. Assemblage de mat selon 'une quelconque
des revendications précédentes dans lequei les
trois dispositifs hydrauliques sont hydraulique-
ment montés en série pour agir séquen-
tiellement; la séquence comprenant en premier
lieu le positionnement du chariot (26) le long de la
premiére section mobile (46), en second lieu le
levage de la premiére section mobile par rapport
a la seconde section mobile (45) et en troisiéme
lieu le levage de la seconde section mobile par
rapport a la section fixe {(10).

4. Assemblage de mat selon V'une quelconque
des revendications précédentes dans lequel cha-
que section de mat comprend une paire de
montants 3 section en U (11, 20, 21, 17, 18).

5. Assemblage de mét selon l'une quelconque
des revendications précédentes dans lequel le
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chariot est monté coulissant par rapport 3 la
premiére section mobile au moyen de galets (30)
fixés au chariot et roulant dans les montants &
section en U de la premiére section mobile.

6. Assemblage de mét selon l'une quelconque
des revendications précédentes dans lequel la
premiére section mobile est montée coulissante
par rapport 3 1a seconde section mobile au moyen
de galets (22) fixés & la premiére section mobile et
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roulant dans les montants a section en U de la
seconde section mobile.

7. Assemblage de maét selon I'une quelconque
des revendications précédentes dans lequel la
seconde section mobile est montée coulissante
par rapport a la section fixe au moyen de galets
(25) fixés 3 la seconde section mobile et roulant
dans les montants a section en U de |3 section
fixe.
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