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(54)  Lift truck with extensible mast

(57)  Theinvention relates to a swing mast truck par-
ticularly designed for warehouse operations, comprising
a mast structure that includes a fixed mast (I), an inter-
mediate carriage (lI) movable with respect to the mast,
a top carriage (lll) movable with respect to the interme-
diate carriage and a lifting carriage (19) movable in the
top carriage, two hydraulic cylinders (14, 20) for moving
the carriages and power transmission chains (29, 25,
26) for transmitting the thrusting motion of the cylinder
pistons to the carriages. In the mast truck according to
the invention, the truck length in the driving direction is
reduced, the turning radius and agility in general is im-
proved, the blind area is reduced and the torque balance
is ensured. This has been achieved by placing the hy-
draulic cylinders (14, 20) at the sides of the structure
and by turning the transmission wheel (13) located at
the free end of the free-lifting jack piston (14,,) to be par-
allel with the driving direction.
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Description

[0001] Theinvention relates to a mast truck according
to the preamble of the appended claim 1.

[0002] In particular, the invention relates to swing
mast trucks meant for warehouse operations, said
trucks being used for transporting containers, boxes and
similar items to warehouse racks and for unpacking said
items from the racks. The features required of these
trucks are agility in operation, small size, particularly
small dimensions in the moving direction of the ma-
chine, and good visibility for the driver.

[0003] A mast truck suitable for warehouse operation
is a truck moving on at least three wheels and provided
with a mast structure comprising a fixed mast structure,
as well as two movable carriages and a lifting carriage.
The mast and carriages are rectangular structures
formed of vertical profiles and transversal supports
welded thereon. The mast is connected to the truck ei-
ther in stationary fashion or so that it can be inclined
around an axis. Inside the mast there is arranged a mov-
ing carriage, an intermediate carriage that moves verti-
cally along the mast profiles by intermediation of guiding
wheel bearings. Inside the intermediate carriage there
is arranged another moving carriage that moves with re-
spect to the intermediate carriage by intermediation of
guiding wheel bearings. The lifting carriage moves in a
similar way with respect to the top carriage. Hydraulic
cylinders are generally used for lifting and lowering the
carriages. In the first operational step of the mast truck,
i.e. the free lifting step, the lifting carriage is lifted to the
top end of the top carriage, and in the next step, the
lifting step proper, the intermediate carriage and the top
carriage are lifted to their top positions.

[0004] The thrusting motion of the cylinders, i.e. jacks,
as well as the motion of the carriages to their top posi-
tions cause power torques that should be more or less
in balance.

[0005] Known free-lifting mast trucks generally in-
clude at least three lifting jacks, two at the sides of the
mast structure and one in the middle, in which case both
the middle jack and the side jacks obstruct the driver's
range of vision when the driver is sitting behind the mast
structure. Other elements obstructing the view are the
power transmission means of the jacks, pipes connect-
ing the hydraulic cylinders and tubes required by various
auxiliary devices.

[0006] The critical measure is the length of the mast
truck. The longer the mast truck, the larger its turning
radius, and the more difficult it is to drive the truck in
narrow aisles in between the racks. Here the term 'mast
truck length' means its length dimension in the driving
direction.

[0007] The object of the invention is to reduce the
length of a swing mast truck, and thus also to reduce
the truck's turning radius, and to improve the visibility
through the mast structure while keeping the power tor-
ques in balance.
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[0008] From the patent GB-2 264 282 there is known
an arrangement where the gap between the mast struc-
tures is open, and the lifting operation is carried out by
two jacks only. The jacks are, however, placed behind
the mast when seen in the driving direction, which
means that the truck has a normal length. Owing to the
placing of the jacks, the power transmission chains pro-
ceed in a way that disturbs visibility and increase the
blind area. In the mast truck according to said invention,
the power torques created during the lifting operation
are not sufficiently balanced from the point of view of
ideal operation.

[0009] The object of the invention is achieved by re-
alizing the lifting operation of the truck by means of two
jacks that are placed in the transversal direction of the
truck, i.e. transversally to the driving direction, at the
sides of the mast structure, and by turning the power
transmission wheel provided at the end of the free-lifting
jack for 90°, so that the direction of its axis is perpen-
dicular to the driving direction. In order to balance the
power torques, the power transmission wheels attached
to the upper structure of the intermediate carriage are
arranged, with respect to each other and the axis of sym-
metry, so that a balance of torque is achieved.

[0010] By placing both jacks outside the mast struc-
ture, the power transmission means can be aligned, so
that the blind areas are minimized. Likewise the tubes
required by the auxiliary devices can be arranged so that
they do not obstruct the view.

[0011] The most important novel features of a swing-
ing mast truck according to the invention are apparent
from the characterizing features set forth in the append-
ed claim 1.

[0012] An essential factor for reducing the length of
the mast truck and for minimizing the blind areas is the
placing of two jacks at the sides of the mast structure
and the turning of the power transmission wheel, located
atthe free end of the free-lifting jack piston, to be parallel
with the driving direction, so that the wheel surface is
turned by 90°. This means that the mast truck dimen-
sions are reduced in the driving direction. The direction
of the power transmission wheel located at the free end
of the free-lifting jack requires that the power transmis-
sion band is respectively turned for 90° before it reaches
the transmission wheel at the fixed end of the jack. This
is arranged by means of a band turning element which
is arranged in said band, in the section between said
wheels.

[0013] In the structure according to the invention, the
power transmission wheels attached to the upper struc-
ture of the intermediate jack can be arranged, with re-
spect to each other and to the symmetry axis, so that
during the lifting step the power transmission chains
passing through the power transmission wheels create
power torques that are in balance. This is something that
a man skilled in the art can do on the basis of his expe-
rience.

[0014] Owing to the structure according to the inven-
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tion, the tube or tubes of the mast truck can be arranged
to proceed outside the driver's field of vision, mainly
along the same path as the power transmission chains.
[0015] A few preferred embodiments of the invention
are explained in more detail below, with reference to the
appended drawings, where

illustrates the mast structure of a mast
truck according to the invention, seenin a
vertical illustration from behind, from the
driver's point of view and as extended to
the working position,

figure 1a

figure 1b illustrates the top part of figure 1a, cut at
the line 1ab and shown in an enlarged
scale;

figure 1c illustrates the bottom part of figure 1a, cut
at the line 1ab and shown in an enlarged
scale;

figure 2 illustrates the mast truck according to fig-
ures 1a - 1c, seenin a larger scale and in
the initial position;

figure 3 illustrates the mast truck according to fig-
ure 1, seen in a larger scale in a vertical
illustration and in the same direction after
the free-lifting step, when the lifting car-
riage is lifted to the top end of the top car-
riage;

figure 4 illustrates the mast truck according to fig-
ure 1, seen in a vertical illustration from
the side and in the rest position;

figure 5 illustrates the mast truck according to fig-
ure 2, seen in a top-view illustration;
figure 6 illustrates the mast truck of figure 2, seen
in a 3D illustration, in a smaller scale and
in the initial position;

figure 7 illustrates the band turning element in a
3D illustration, seen in a larger scale; and
figure 8 illustrates the top part of a mast truck ac-
cording to another embodiment, seen
from the driver's point of view and in the
initial position.

[0016] The embodiment illustrated in the drawings
represents a mast structure that is attached to the truck.
The truck housing is supported by at least three wheels,
at least one of which is a traction wheel.

[0017] In figure 1a, there are seen three separate
mast sections |, Il and Il that are roughly of the same
height. In the width direction of the truck, the mast sec-
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tions are installed in a telescoping fashion and connect-
ed slidably to each other. Each section I, Il, Il of the
mast structure is made of vertical profile pairs 10, 11 and
respectively 12, which are welded together at the bottom
and top ends by means of transversal supports 4 and 5,
6 and 7, and respectively 8 and 9. The mast | is con-
nected to the truck either in a stationary fashion or so
that it can be inclined in the direction of the lengthwise
axis of the truck, i.e. in the driving direction. The middle
mast section is the intermediate carriage Il that moves
vertically by intermediation of guide wheel bearings with
respect to the profiles 10 of the mast section |. The in-
nermost mast section is the top carriage Ill, which
moves in similar fashion in the profiles 11 of the inter-
mediate carriage Il. The lifting carriage is realized in the
form of a fork lift 19, figure 6, and it moves with respect
to the top carriage Ill. The profiles 12 and 11 of the top
and intermediate carriage lll, Il, as well as the profiles
10 of the mast | are I-profiles. As an alternative, the pro-
files of the mast | can be U-profiles.

[0018] The mast structure, figure 1a, comprises two
hydraulic cylinders, 14 and 20. The cylinders operate in
two steps. The first operation step is carried out by the
free-lifting jack 14, which lifts the fork lift 19 to the top
end Il of the fork lift 19, whereafter another lifting jack
20 pushes the intermediate carriage Il upwards in the
vertical direction. At its top end, the free-lifting jack 14
is attached to the top support 7 of the intermediate car-
riage, in which case the piston 14, thereof performs a
downwardly thrusting direction and shifts the fork lift 19
to the top end of the top carriage lll, figure 3. The motion
of the piston is transmitted by means of power transmis-
sion elements comprising a chain 29, a chain wheel 13
located at the free end of the piston 14, of the free-lifting
jack, a chain turning element 15, figure 7, chain wheels
16 and 17 attached to the top support 7 of the interme-
diate carriage Il and a chain wheel 18 attached to the
top support structure 9 of the top carriage Ill. In the pow-
er transmission chain 29, there is used a chain turning
element 15 that turns the chain coming from the chain
wheel 13 by 90° with respect to its lengthwise axis, so
that the chain enters the chain wheel in the correct po-
sition, i.e. at an angle of 90° with respect to the chain
wheel 1, figure 6. At the other end, the chain 29 is fixedly
attached to the mast top support structure 5, of which
the cut sections 5 are illustrated in the drawings. The
chain passes around the chain wheel 13 located at the
free end of the piston 14, of the free-lifting jack 14,
around the chain wheels 16 and 17 located in the top
support structure 7 of the intermediate carriage Il and
via the chain wheel 18 located in the top support struc-
ture 9 of the top carriage 1l to the fork lift 19. The chain
alignment has been selected so that it causes a minimal
blind area, figure 1a.

[0019] The free-lifting piston 14, and the chain 29
moved thereby cause a counterclockwise torque at the
top end of the intermediate carriage Il, while the chain
passes over the chain wheels 16 and 17. Said counter-
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clockwise torque is balanced in the top support structure
7 of the intermediate carriage Il by means of chains 25
and 26. One end of the chain 25 is attached to the top
support structure 5 of the mast | and proceeds via the
chain wheel 21 to the bottom support structure 8 of the
top carriage lll. The chain wheel 21 is turned by 90° with
respect to the chain wheels 16 and 17, figure 6, so that
its axis is transversal to the truck driving direction. One
end of the chain 26 is attached to the top support struc-
ture of the mast | and proceeds over the chain wheels
22 and 23, attached to the top support structure 7 of the
intermediate carriage Il, to the bottom support structure
8 of the top carriage, being attached thereto at the other
end, figures 2 and 3. The fastening points of the bottom
ends of the chains 25 and 26 in the bottom support struc-
ture 8 of the top carriage Ill are arranged so that in the
bottom position of the mast, the chain alignments pro-
ceed between the profiles 10 and 12, so that the blind
area is minimal. On the other hand, the fastening points
of the top ends of the chains 25 and 26 in the top support
structure 5 of the mast | are asymmetric with respect to
the central axis A-A, figure 1c. Hence the asymmetric
positioning of the chain wheels 21 and 22, 23 causes a
clockwise torque for the intermediate carriage Il
[0020] Thus the chain wheel 21 fits in a small space
transversally to the driving direction, and does not in-
crease the blind area in the driver's view. The fastening
points of the ends of the chain 25 in the top support
structure of the mast | and respectively in the bottom
support structure 8 of the top carriage Il are located di-
rectly underneath the chain wheel 21, and consequently
do not enlarge the blind area. The chain 2 in turn is at
one end attached to the top support structure 5 of the
mast |, mainly at the same distance from the central axis
A-A of the mast | as the chain 25, and it passes around
the chain wheels 22 and 23 attached to the top support
structure of the intermediate carriage Il to the bottom
support structure 8 of the top carriage, to outside the
second jack with respect to the central axis A-A of the
mast truck, according to figures 1a, 2 and 3. Thus the
asymmetric positioning of the chain wheels 21, 22 and
23 causes in the intermediate carriage a torque in the
opposite direction.

[0021] The chain 26 passes over both wheels 22, 23.
The chain wheels 22 and 23 can also be replaced by a
single chain wheel with a larger diameter than the
wheels 22 and 23, figure 8.

[0022] The bottom end of the jack 20 that performs
the second step in the lifting operation is attached to the
mast structure |, and the top end thereof is attached to
the top support structure 7 of the intermediate carriage
Il. The jacks 1 and 20 are hydraulically coupled in series
by means of a pipe 2, figure 5. The area of the piston
14,, of the jack 1 is larger or at least equal to the area
of the piston 20, of the jack 20. The ratio of the areas
is utilized for controlling the order of the operation of the
jacks, so that the free-lifting jack is operated first owing
to its smaller weight level.
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[0023] The continuous operation of the mast structure
is best understood from figures la-3. In figure 2, the mast
is in its initial position, i.e. in the rest position. Now the
chain turning element 15 is near the chain wheel 16 lo-
cated in the top support structure 7 of the intermediate
carriage Il. In the first step of the lifting operation, the
piston of the free-lifting jack 14,,, moves vertically down-
wards, at the same time moving the chain wheel 13 at-
tached thereto. Over the chain wheel, there passes the
free-lifting chain 29 which is at one end attached to the
top support structure 5 of the mast |, and at the other
end to the fork lift 19. The motion of the chain wheel lifts
the fork lift 19 in the proportion of the motional lengths
1:2, i.e. the length proceeded by the fork lift is doubled
with respect to the length proceeded by the chain wheel
1. At the end of the stroke of the piston 14, of the free-
lifting jack 14, the situation corresponds to figure 2. The
chain turning element 15 has proceeded to the vicinity
of the chain wheel 1 attached to the piston 14, of the
free-lifting jack. The chain wheels 16 and 17 cause a
counterclockwise torque in the top support structure of
the intermediate carriage Il. In the next step of the lifting
operation, the piston 20, of the lifting jack 20 moves
upwards, at the same time moving the intermediate car-
riage Il and the free-lifting jack 14 attached thereto, in
the proportion 1:1 of the motional lengths. The chain
wheels 21, 22 and 23 attached to the top support struc-
ture of the intermediate carriage Il transmit the stroke of
the piston 20,, of the lifting jack 20 to the top carriage
I1l, thus lifting the carriage to the top position. In the sec-
ond step of the lifting operation, the asymmetric align-
ment of the power transmission chains 25 and 26 caus-
es a clockwise torque in the intermediate carriage Il, and
thus balances the counterclockwise torque created dur-
ing the first step of the lifting operation. At the end of the
stroke of the second lifting jack, the chain turning ele-
ment 15 has moved to the vicinity of the chain wheel 1,
located in the top structure of the intermediate carriage
I, figure 2. Thus the chain turning element 15 moves
back and forth between the extreme position of the initial
position, located near the chain wheel 16, to the extreme
position according to the truck working position, which
is situated near the chain wheel 13.

[0024] The return of the mast structure to the rest po-
sition takes place in reversed order.

[0025] The controlling of the tubes 27, figure 3, can
be realized so that it causes as little blind area as pos-
sible. The tubes are fixedly attached to the top support
structure 5 of the mast |, wherefrom they pass via the
chain 13, 16, via the tube wheel 28 and the chain wheel
18 to the fork lift 19. At the chain wheel 13, the tubes
proceed in parallel with the chain 29, but at the chain
wheel 16 they proceed over it, while the chain 29 passes
underneath; then they pass underneath the tube wheel
28 attached to the top support structure 7 of the inter-
mediate carriage Il, so that they are directed on top of
the free-lifting chain 29 according to figure 2.

[0026] The minimum length of the mast structure is
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formed of the dimensions of the profiles 10, 11 and 12.
The length of the mast structure according to the above
described embodiment is formed, in addition to the pro-
files 10, 11 and 12, of the width of the power transmis-
sion chain 25, figure 5. The space taken up by the chain
29 in the lengthwise direction of the mast can be re-
duced by shifting the location of the free-lifting jack 14
somewhat forward in the proceeding direction of the
truck. Therefore the profiles 10, 11 and 12 are worked
at the top end, so that the chain wheels 16, 17 and 18
can be placed in line with the free-lifting jack.

[0027] The extendable mast structure specified
above, comprising two moving carriages, is not restrict-
ed to the figures and described embodiments exclusive-
ly, but it can be modified within the scope of the append-
ed claims and according to the know-how of a man
skilled in the art.

Claims

1. A mast truck, particularly a swing mast truck meant
for warehouse operations, comprising

- a mast structure including a fixed mast (I) and
at least two moving carriages (Il and I11), one of
which is an intermediate carriage (1) and mov-
able vertically with respect to the fixed mast (1),
and the other is a top carriage (l1l) and movable
vertically along the intermediate carriage (Il),
and further including a lifting carriage (19),
which is supported by the top carriage (l1l) and
movable vertically along the top carriage;

- two hydraulic cylinders (14, 20) for moving the
carriages (19, Il, 1), the first of which is a free-
lifting jack (14), causing the lifting carriage (19)
to be shifted to the top end of the intermediate
carriage (1), and the second is a lifting jack (20),
causing the intermediate carriage (ll) and the
top carriage (lll) to be shifted to their top posi-
tions, while the free-lifting jack (14) is arranged
to operate first, and the lifting jack (20) is ar-
ranged to operate thereafter;

- and band-like power transmission elements
(29, 25, 26), passing through transmission
wheels (13, 16, 17, 18, 21, 22, 23) and transmit
the thrusting motions of the cylinder pistons
(14,,, 20,,) to the carriages (lI, 11, 19);

so that the first band-like power transmission ele-
ment (29), which is arranged to transmit the thrust-
ing motion of the piston (14,,) of the free-lifting jack,
is at one end attached to the top support structure
(5) of the fixed mast (l), passes around the wheel
(13) located at the free end of the piston (14,;,) of
the free-lifting jack (14) and further passes around
the wheels (16, 17), attached to the top support
structure (7) of the intermediate carriage (Il), pro-
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ceeding over the outermost wheel (16) and under-
neath the innermost wheel (17), and further over the
wheel (18) located in the top support structure (9)
of the top carriage (lll), wherefrom it continues to
the lifting carriage, to which its other end is at-
tached;

the second band-like power transmission element
(26), which is arranged to transmit the thrusting mo-
tion of the lifting jack piston (20,,), is at one end at-
tached to the top support structure (7) of the mast
(), passes over the at least one wheel (22, 23) at-
tached to the top support structure (7) of the inter-
mediate carriage (1), wherefrom it continues to the
bottom support structure (8) of the top carriage (lll),
whereto it is attached; and

a third band-like power transmission element (25),
which also is arranged to transmit the thrusting mo-
tion of the lifting jack piston (20,,), is at one end at-
tached to the top support structure (5) of the mast
(), passes around the wheel (21) attached to the
top support structure (7) of the intermediate car-
riage (II) and proceeds to the bottom support struc-
ture (8) of the top carriage (lll), where it is attached,
at a spot that is located at the same distance from
the symmetry axis (A-A) of the mast truck as the
fastening spot of the other band-like power trans-
mission element (26), but on the opposite side of
said symmetry axis (A-A); in which case the align-
ments of the band-like power transmission ele-
ments are chosen in order to achieve a balance be-
tween the opposite torques created thereby during
the operational steps of the mast truck, character-
ized in that

the free-lifting jack (14) and the lifting jack (20) are
both located, in a way known as such, mainly on the
same level of the mast truck that is transversal to
the motional direction of the mast truck, one on one
side and one on the other side of the mast truck;
that the axis of the wheel (13) located at the end of
the free-lifting jack (14) is transversal to the pro-
ceeding direction of the truck;

that in the first band-like power transmission ele-
ment (29), there is arranged a band turning element
(15) in order to turn the power transmission element
by 90° around its lengthwise axis along the distance
between the wheel (13) and wheel (16); and that
the lifting jack piston (20,,,) is arranged to move up-
wards.

A mast truck according to claim 1, characterized
in that the band-like power transmission elements
(29, 26, 25) for transmitting the thrusting motion of
the jack pistons (14, 20,,,) are chains.

A mast truck according to claim 1 or 2, character-
ized in that the hydraulic cylinders (14, 20) are cou-
pled in series by means of a pipe (24).
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A mast truck according to any of the claims 1 - 3,
characterized in that the wheels (16, 17, 22, 23,
21), surrounded by the band-like power transmis-
sion elements (29, 26, 25), said wheels being
placed in the top support structure (7) of the inter-
mediate carriage (Il) are located, with respect to the
proceeding direction of the truck, at right angles to
the symmetry axis (A-A) of the mast structure, so
that the power torques created during the opera-
tional step of the truck are mainly balanced.

A mast truck according to claim 4, characterized
in that the diameter of the wheel (32) surrounded
by the second band-like power transmission ele-
ment (26), said wheel being placed in the top sup-
port structure (7) of the intermediate carriage (ll), is
so large that the clockwise power torque created by
the power transmission element during the opera-
tional step of the mast truck is capable of balancing
the counterclockwise torques of the first and third
power transmission elements (29, 25).

A mast truck according to claim 5, characterized
in that the wheel surrounded by the second band-
like power transmission element (26), said wheel
being located in the top support structure (5) of the
intermediate carriage (1), is replaced by two adja-
cent wheels (22, 23) having smaller diameters,
while the element (26) passes over both wheels (22,
23).

A mast truck according to any of the preceding
claims, characterized in that the tube (27) or tubes
required by auxiliary devices are arranged to pro-
ceed along the same route as the power transmis-
sion band (29) of the free-lifting jack (14), but so that
while the power transmission band (29) passes
around the wheels (16, 17) attached to the top sup-
port structure (7) of the intermediate carriage (ll),
over the outer wheel (16) and underneath the inner
wheel (17), the tube (27) only passes over the outer
wheel (16) and proceeds to a tube wheel (28) at-
tached to the top support structure (7) of the inter-
mediate carriage (llI), passing underneath said
wheel and further over the wheel attached to the top
support structure of the top carriage (Ill), while the
tube wheel (28) is located above two wheels (16,
17) surrounded by the power transmission element
(29), transversally to the driving direction, on that
side of the wheel (18) placed in the top structure (9)
of the top carriage (1) that falls on the side of the
free-lifting jack (14).
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