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Description

Background of the Invention

1. Field of the Invention

[0001] The present invention relates to a lift appara-
tus; and more particularly, to a lift apparatus, such as an
aerial work platform, having an articulated double par-
allelogram boom assembly.

2. Description of Related Art

[0002] A vehicular low profile self propelled aerial
work platform is disclosed in U.S. Pat. 4,757,875, owned
by the Assignee of the instant application, wherein a
work platform is mounted on the distal end of a telescop-
ic boom assembly having its proximate end pivotally
connected to a floating or riser frame assembly which,
in turn, is connected to a support frame on the vehicle
by a pair of parallel arms, whereby the telescopic boom
assembly and associated work platform can be extend-
ed to an operative position and folded to a lowered po-
sition, so that the vehicle can be maneuvered in ware-
houses or manufacturing plants having nine foot high
doorways.

[0003] An articulated parallelogram assembly for ele-
vating a work platform is disclosed in U.S. Pat.
5,129,480, also owned by the Assignee of the instant
application, wherein a lower boom assembly having par-
allel compression and tension arms, offset from the cen-
terline of the vehicle, are pivotally connected between
a floating or riser frame assembly and the vehicle frame.
An upper boom assembly is also provided wherein par-
allel compression and tension arms, offset from the cen-
terline of the vehicle, are pivotally connected between
the platform frame and the floating frame.

[0004] Another vehicular low profile, self-propelled
aerial work platform having an articulated parallelogram
boom assembly is disclosed in U.S. Patent No.
5,584,356, also owned by the Assignee of the instant
application, and is hereby incorporated by reference.
The articulated boom assembly includes a lower boom
assembly having pairs of compression and tension arms
pivotally connected between a support frame on the ve-
hicle and a floating frame, and an upper boom assembly
having pairs of compression and tension arms pivotally
connected between the floating frame and a riser con-
nected to the proximate end of a telescopic boom as-
sembly having a work platform connected to the distal
end thereof. The ends of the tension arms in the upper
and lower boom assemblies, which are pivotally con-
nected to the floating frame, share the same pivot con-
nection so that when the articulated parallelogram is in
the folded position, the tension arms are inter-digitated
and lie in the same common plane so that the vehicle
can be maneuvered through a low doorway, in the order
of six feet, seven inches. A synchronization linkage is
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mounted in the floating frame and connected between
the pairs of compression arms in the upper and lower
boom assemblies for maintaining the floating frame in a
vertical orientation during the elevating and folding of
the articulated parallelogram boom assembly.

[0005] While the self propelled aerial work platforms
disclosed in the aforementioned patents have been sat-
isfactory for their intended purposes, certain features
contained in these self propelled aerial work platforms
are employed in the low profile self propelled aerial work
platform of the present invention to provide a new com-
bination of components; whereby the telescopic boom
assembly can be folded to a lowered position so that the
vehicle can be maneuvered through standard height six
foot, seven inch doorways.

SUMMARY OF THE INVENTION

[0006] One object of the present invention is to pro-
vide a lift apparatus, such as an aerial work platform,
having a greater maximum working height without in-
creasing the retracted height.

[0007] A further object of the present invention is to
provide a lift apparatus having no tail swing and minimal
front swing.

[0008] Another object of the present invention is to
provide a lift apparatus having an articulated parallelo-
gram boom assembly with downward sloping upper and
lower boom assemblies when fully lowered.

[0009] An additional object of the present invention is
to provide a lift apparatus having a single, vertically ori-
ented, hydraulic cylinder for raising and lowering an ar-
ticulated parallelogram boom assembly of the lift appa-
ratus.

[0010] A still further objective of the present invention
is to provide the upper and lower boom assemblies of
the articulated parallelogram boom assembly and the
hydraulic cylinder such that they are in-line (i.e., the lon-
gitudinal axes thereof lie within the same plane).
[0011] Another objective of the present invention is to
provide a lift apparatus having an articulated parallelo-
gram boom assembly wherein the geometry of the hy-
draulic cylinder and the synchronization links in the ar-
ticulated parallelogram boom assembly minimize the
load on the hydraulic cylinder and the synchronization
links.

[0012] A further objective of the present invention is
to provide a lift apparatus having an articulated parallel-
ogram boom assembly wherein the geometry of the hy-
draulic cylinder and the synchronization links in the ar-
ticulated parallelogram boom assembly cause the load
on the hydraulic cylinder and the synchronization links
to remain substantially constant throughout the working
range of the articulated parallelogram boom assembly.
[0013] These and other objects are achieved provid-
ing a lift apparatus, comprising a superstructure frame
support; a riser; an articulated parallelogram boom as-
sembly operatively connected between said superstruc-
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ture frame support and said riser, said articulated paral-
lelogram boom assembly including, a floating frame, a
lower parallelogram boom assembly operationally con-
nected between said superstructure frame support and
said floating frame, an upper parallelogram boom as-
sembly operationally connected between said floating
frame and said riser, lift means for raising and lowering
said articulated parallelogram boom assembly, and said
lower parallelogram boom assembly, said upper paral-
lelogram boom assembly and said lift means formed
such that a maximum extension height of said articulat-
ed parallelogram boom assembly is increased without
an increase in a height of said articulated parallelogram
boom assembly when fully lowered.

[0014] Otherobjects and further scope of applicability
of the present invention will become apparent from the
detailed description given hereinafter. However, it
should be understood that the detailed description and
specific examples, while indicating preferred embodi-
ments of the invention, are given by way of illustration
only, since various changes and modifications within the
spirit and scope of the invention will become apparent
to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus, are not limitative of
the present invention, and wherein:

Fig. 1 is a side elevational view of a mobile aerial
work platform showing the double parallelogram ris-
er assembly according to the invention in a fully low-
ered position;

Fig. 2 is a side elevational view showing the double
parallelogram riser assembly in an extended raised
position;

Figs. 3a and 3b illustrate cross-sections of the ar-
ticulated parallelogram boom assembly along lines
3a-3a and 3b-3b in Fig. 2;

Fig. 4a illustrates a cross-section of the articulated
parallelogram boom assembly viewed in the direc-
tion of arrows 4a-4a in Fig. 2;

Fig. 4b illustrates the opposite side of the floating
frame of the articulated parallelogram boom assem-
bly as compared to Fig. 4a;

Fig. 5 illustrates a planar bottom view of the tubular
tension arm in the upper boom assembly of the ar-
ticulated parallelogram boom assembly;

Fig. 6 illustrates a top view of the upper boom as-
sembly of the articulated parallelogram boom as-
sembly;

Fig. 7 illustrates a top view of the lower boom as-
sembly of the articulated parallelogram boom as-
sembly;

Fig. 8 illustrates a top down view of the compression
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arms in the lower boom assembly of the articulated
parallelogram boom assembly; and

Fig. 9 illustrates a top down view of the aerial work
platform according to an embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0016] Referring to the drawings, and more particular-
ly to Figs. 1-4b, a low profile self propelled aerial work
platform representing an embodiment of the present in-
vention includes a super-structure support frame 1, hav-
ing vertically extending plates 2 upon which counter-
weights, not shown, are adapted to be mounted. The
support frame 1 is mounted on a turntable 3 carried by
a vehicle chassis 4. An articulated parallelogram boom
assembly 5 is operatively connected between parallel
upwardly projecting plate portions 1a of the support
frame 1 and a riser 6. The riser 6 is also connected to
the proximate end portion of a telescopic boom assem-
bly 7 having a work platform 8 mounted on the distal end
thereof.

[0017] The articulated parallelogram boom assembly
5 includes a lower boom assembly having pairs of par-
allel, laterally spaced compression and tension arms 9
and 10, respectively, extending between the support
frame 1 and a floating frame 11. The compression and
tensions arms 9 and 10 are pivotally connected to the
support frame 1 as at 12 and 13, respectively, and to the
floating frame as at 14 and 15, respectively. As shown
in Fig. 1, in the retracted position, the compression and
tension arms 9 and 10 extend downwardly from the
frame 1 to the floating frame 11.

[0018] The articulated parallelogram boom assembly
5 also includes an upper boom assembly having a pair
of parallel, laterally spaced compression arms 16 and a
tubular tension arm 17 extending between the riser 6
and the floating frame 11. The compression arms 16 and
the tubular tension arm 17 are pivotally connected to the
riser 6 as at 18 and 19, respectively, and to the floating
frame 11 as at 20a and 20b, respectively. As shown in
Fig. 1, in the retracted position, the compression arms
16 and the tubular tension arm 17 extend downwardly
from the floating frame 11 to the riser 6.

[0019] An extensible hydraulic cylinder 21, positioned
on the centerline of the frame 1, is pivotally connected
as at 22 to and between the lower compression arms 9,
and as at 23 to and between side walls of the tubular
tension arm 17. Fig. 5 illustrates a planar bottom view
of the tubular tension arm 17. As shown, the tubular ten-
sion arm 17 has a hole 42 formed in a bottom wall there-
of. The hole 42 accommodates the hydraulic cylinder 21
such that the rod of the hydraulic cylinder 21 extends up
into the tubular tension arm 17, and is pinned to the side
walls of the tubular tension arm 17. As further shown in
Figs. 1, 2, 4 and 5, two pairs of reinforcement plates 40
are attached to and project downwardly from the tubular
tension arm 17. As discussed in more detail below, the
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reinforcement plates 40 serve as pivot mounting points
44 for a pair of tension links 33.

[0020] As shown in Figs. 1 and 2, the hydraulic cylin-
der 21 is pinned at 22 and at 23 on the longitudinal cent-
er lines of the lower compression arms 9 and the tubular
tension arm 17, respectively. When the hydraulic cylin-
der 21 is retracted, the articulated parallelogram boom
assembly 5 is in the folded position, as shown in Fig. 1,
and is in the elevated position, as shown in Fig. 2, when
the hydraulic cylinder 21 is extended. Throughout the
range of motion of the articulated parallelogram boom
assembly 5, the hydraulic cylinder 21 remains vertical.
[0021] Aboomliftcylinder 24 is also pivotally connect-
ed along the centerline of the frame 1, above the hy-
draulic cylinder 21, between the riser 6, as at 18, and
the telescopic boom assembly 7, as at 26. Accordingly,
the boom lift cylinder 24 and the compression arms 16
share a common pivot point 18. The remaining compo-
nents on the telescopic boom assembly 7 are conven-
tional and include a master hydraulic cylinder 27 for con-
trolling a slave cylinder 28 on the distal end of the tele-
scopic boom assembly 7 which, together, maintain the
work platform 8 in a horizontal position during the raising
and lowering of the articulated parallelogram boom as-
sembly 5 and the luffing of the telescopic boom assem-
bly 7 with boom lift cylinder 24. In the folded or retracted
position of the articulated parallelogram boom assembly
5, the hydraulic cylinder 21 is nested between the pairs
of arms 9 and 10, and the boom lift cylinder 24 is nested
between the compression arms 16, above the hydraulic
cylinder 21. Both the master cylinder 27 and the cylinder
for telescoping the telescopic boom assembly 7 are also
disposed along the centerline of the frame 1.

[0022] Figs. 3a and 3b illustrate cross-sections of the
parallelogram boom assembly 5 along lines 3a-3a and
3b-3bin Fig. 2. As shown in Fig. 3a, the riser 6 is formed
from parallel plates 31 and a transverse plate 32. The
tubular tension arm 17 is disposed between the parallel
plates 31, and sidewalls of the tubular tension arm 17
are pinned to lower portions of the parallel plates 31 ex-
tending below the transverse plate 32. A pivot pin 35
pivotally attaches the compression arms 16 to the riser
6 with a boss 34 between each compression arm 16 and
plate 31 such that the parallel plates 31 are disposed
between the compression arms 16.

[0023] As shown in Fig. 3b, the support frame 1 in-
cludes upwardly projecting plate portions 1a to which
both pairs of the compression and tension arms 9 and
10 are pivotally attached. The compression arms 9 are
pinned to the inside of a respective one of the plate por-
tions 1a. The tension arms 10 each have lugs 60 at-
tached thereto forming a fork between which a respec-
tive plate portion 1a is pinned. Fig. 7 illustrates a top
view of the lower boom assembly of the articulated par-
allelogram boom assembly 5, and shows the pivot con-
nections between the tension arms 10 and the plate por-
tions 1a. Consequently, the tension arms 10 are dis-
posed further apart from one another than the compres-
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sion arms 9.

[0024] AsshowninFigs. 3aand 3b, the parallel plates
31 of the riser 6 are spaced apart a smaller distance
than the parallel plate portions 1a of the frame 1. As
shown in Fig. 1, this arrangement permits the tubular
tension arm 17 connected to the parallel plates 31 to
nest between the tension arms 10, and when nested,
the pivot point 19 for the tubular tension arm 17 is dis-
posed below the pivot point 13 for the tension arms 10.
As further shown in Figs. 3a and 3b, the pair of com-
pression arms 16, the pair of tension arms 10, and the
pair of compression arms 9 are spaced apart substan-
tially the same distance to provide a very stable paral-
lelogram assembly. Because of the stable parallelogram
assembly of the lower boom assembly, the floating
frame 11 is maintained in a vertical orientation through-
out the range of motion of the articulated parallelogram
boom assembly 5.

[0025] Fig. 4a illustrates a cross-section view of the
articulated parallelogram boom assembly 5 looking in
the direction of arrows 4a-4a, and Fig. 4b illustrates the
opposite side of the floating frame 11 as compared to
Fig. 4a. As shown, the floating frame 11 is formed from
parallel plates 52 and transverse plates 54 and 56 (see
also Fig. 2). The compression arms 9 are pinned to a
respective plate 52. The tension arms 10 and the com-
pression arms 16 each have lugs attached thereto form-
ing a fork between which a respective plate 52 is pinned.
Fig. 6 illustrates a top down view of the upper boom as-
sembly of the articulated parallelogram assembly 5, and
shows the pivot connections between the compression
arms 16 and the floating frame 11. Fig. 7 shows the pivot
connections between the tension arms 10 and the float-
ing frame 11 (see also Fig. 2). The tubular tension arm
17 is pinned between plates 52. Specifically, a cylindri-
cal housing 58 passes through the side walls of the tu-
bular tension arm 17, and the cylindrical housing 58 is
pinned to the plates 52.

[0026] As further shown in Figs. 4a and 4b, the links
33 extend diagonally down from the two pairs of parallel
reinforcement plates 40 through a hole in the transverse
plate 54, and, as shown in Fig. 2, attach to the end of
the compression arms 9 at pivot point 46. Fig. 8 illus-
trates a top down view of the compression arms 9. As
shown, at the floating frame 11 end of the compression
arms 9, the compression arms 9 have a block 70 welded
therebetween. Two pairs of lugs 72 extend from the
block 70, and form forks between which a respective
one of the links 33 is pinned as at 46 in Figs. 1 and 2.
The pivot point 46 lies in a plane formed between re-
spective extensions of the longitudinal center lines of
the compression arms 9.

[0027] Furthermore, Fig. 4b shows a slot section 50
formed in the upper portion of the floating frame 11. The
slot section 50 accommodates the telescopic boom as-
sembly 7 in the retracted position as shown in Fig. 1.
Consequently, the telescopic boom assembly 7 slopes
downwardly from the riser 6 in the retracted position. As
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shown in Fig. 4b, three guide blocks 62 (e.g., wear
pads), for guiding the telescopic boom assembly 7 to
the retracted position, are disposed about the slot sec-
tion 50.

[0028] As discussed above, each link 33 is pivotally
connected to one of the reinforcing plates 40 as at 44.
The pivot point 44 is disposed further from the floating
frame 11 than the pivot point 20b for the tubular tension
arm 17. Each link 33 is further pivotally connected to a
respective compression arm 9 as at 46.

[0029] By this construction and arrangement, the links
33 extend diagonally relative to the pivotal connections
14 and 20b, so that the link pivot connection 44 is on
one side of the compression arm 16 pivot connection
20b, and the link pivot connection 46 is on the other side
of the compression arm 9 pivot connection 14; whereby,
during the actuation of the hydraulic cylinder 21 to pivot
the compression arms 9 and 16 relative to each other,
the links 33 will synchronize the movement of the upper
parallelogram assembly relative to the lower parallelo-
gram assembly.

[0030] Specifically, in the retracted position, the per-
pendicular moment arm at the lower boom assembly of
the articulated parallelogram boom assembly 5 (i.e., the
distance, measured perpendicularly, between a line
passing through the longitudinal axis of the link 33 in-
cluding the pivot point 46 and a line parallel thereto
passing through the pivot point 14) is substantially larger
than the perpendicular moment arm for the upper boom
assembly (i.e., the distance, measured perpendicularly,
between a line passing through the longitudinal axis of
the link 33 and the pivot point 44 and a line parallel there-
to passing through the pivot point 20b).

[0031] As the articulated parallelogram boom assem-
bly 5 extends, the perpendicular moment arms for the
lower and upper boom assemblies gradually become
equal at about the point when the lower and upper boom
assemblies are parallel, and then the perpendicular mo-
ment arm for the upper boom assembly becomes larger
than the perpendicular moment arm for the lower boom
assembly. At the fully extended position, the perpendic-
ular moment arm of the upper boom assembly is sub-
stantially larger than the perpendicular moment arm of
the lower boom assembly by about the same margin that
the perpendicular moment arm of the lower boom as-
sembly exceeded the perpendicular moment arm of the
upper boom assembly in the retracted position.

[0032] In a preferred embodiment the perpendicular
moment arms of the upper and lower boom assemblies
are 69.12mm and 114.04mm in the retracted position,
107.64mm and 123.59mm in the parallel position, and
113.88mm and 68.03mm in the fully extended position.
The above values are given by way of example only, and
in no way limit the possible perpendicular moment arm
values of the present invention.

[0033] Disposing the hydraulic cylinder 21 vertically
between the compression arms 9 and the tubular ten-
sion arm 17, permits the compression and tension arms
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9 and 10 to slope downwardly from the frame 1 in the
retracted position, and permits the compression arms
16 and the tubular tension arm 17 to slope downwardly
from the floating frame 11 in the retracted position. Ad-
ditionally, the slot section 50 in the floating frame 11 per-
mits the telescopic boom assembly 7 to slope down-
wardly from the riser 6 in the retracted position. As a
result, the height of the frame 1, the length of the floating
frame 11, and the length of the riser 6 can be increased
without increasing the overall retracted height of the ma-
chine. Accordingly, the highest point of the machine in
the retracted position is approximately six feet, six inch-
es or less. As one skilled in the art will realize, however,
the overall dimensions of the machine could be in-
creased or decreased.

[0034] The increased height of the frame 1, the in-
creased length of the floating frame 11, and the in-
creased length of the riser 6 provides for at least a first
and/or second advantage. The first advantage is an in-
crease in the working height that the machine can
achieve. The second advantage is a decrease in the
length of the telescopic boom assembly 7 and/or the
length of the articulated parallelogram boom assembly
5 without a decrease in the working height as compared
to conventional aerial work platforms. As a result, an
aerial work platform with no tail swing and minimal front
swing is produced without a decrease in working height
as compared to conventional aerial work platforms. Fig.
9 illustrates a top view of the aerial work platform ac-
cording to the present invention. As Figs. 2 and 9 show,
the aerial work platform according to the present inven-
tion has no tail swing and minimal front swing. Depend-
ing on desired operating characteristics, one skilled in
the art can balance the increased working height versus
reduced front swing trade-off to meet those character-
istics.

[0035] Furthermore, as Figs. 1-2, 6-7, and particularly
Fig. 9 show, the longitudinal axes of the articulated par-
allelogram boom assembly 5, the hydraulic lift cylinder
21, the telescopic boom assembly 7, and the boom lift,
cylinder 24 lie within the same vertical plane (i.e., are
in-line).

[0036] The positioning of the hydraulic cylinder 21 in
cooperation with the links 33 sets up a lift geometry
which minimizes the loads on both the hydraulic cylinder
21 and the links 33, and maintains the loads on the hy-
draulic cylinder 21 and the links 33 substantially con-
stant over the range of motion of the articulated paral-
lelogram boom assembly 5.

[0037] The load on the hydraulic cylinder 21 could be
reduced by positioning the hydraulic cylinder 21 closer
to the frame 1. Doing so, however, presents a clearance
problem with the bottom of the hydraulic cylinder 21. Ac-
cordingly, the length of the hydraulic cylinder 21 would
have to be decreased; thus, decreasing the maximum
possible working height of the machine. Depending on
desired operating characteristics one skilled in the art
can balance the load versus maximum working height
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trade-off to meet those characteristics.

[0038] Additionally, the rod of the hydraulic cylinder
21 could be pinned between the compression arms 16.
This would require forming a larger version of hole 42,
and forming a similar hole in the top of the tubular ten-
sion arm 17 to accommodate the cylinder portion of the
hydraulic cylinder 21. To make such an accommodation
would require increasing the width of the tubular tension
arm 17 with the resulting ripple effect being an overall
increase in the width of the articulated parallelogram
boom assembly 5.

[0039] As afurther note, the articulated parallelogram
boom assembly 5 may be applied to devices other than
self propelled aerial work platforms without departing
from the spirit and scope of the present invention.
[0040] While the invention has been described in con-
nection with what is presently considered the most prac-
tical and preferred embodiments, it is to be understood
that the invention is not limited to the disclosed embod-
iments, but on the contrary, is intended to cover various
modifications and equivalent arrangements included
within the spirit and scope of the appended claims.

Claims
1. Alift apparatus, comprising:

a superstructure frame support (1);

ariser (6); and

an articulated parallelogram boom assembly
(5) operatively connected between said super-
structure frame support (1) and said riser (6),
said articulated parallelogram boom assembly
(5) including,

a floating frame (11),

a lower parallelogram boom assembly (9, 10)
operationally connected between said super-
structure frame support (1) and said floating
frame (11), said lower parallelogram boom as-
sembly (9, 10) sloping downward from said su-
perstructure frame support (1) to said floating
frame (11) when said articulated parallelogram
boom assembly (5) is fully lowered,

an upper parallelogram boom assembly (16,
17) operationally connected between said float-
ing frame (11) and said riser (6), and

first lift means (21) for raising and lowering said
articulated parallelogram boom assembly and
further comprising:

a telescopic boom (7) connected to said
riser (6); and

second lift means (24) for raising and low-
ering said telescopic boom (7).

2. The lift apparatus of claim 1, wherein said floating
frame (11) includes a notch (50) in an upper portion
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thereof, and said telescopic boom (7) seats in said
notch (50) when said articulated parallelogram
boom assembly (5) is fully lowered and said tele-
scopic boom (7) is fully lowered.

3. Thelift apparatus of claim 1, wherein said telescop-
ic boom partially nests within said upper telescopic
boom assembly (16) when said articulated parallel-
ogram boom assembly (5) is fully lowered and said
telescopic boom (7) is fully lowered.

4. The lift apparatus of claim 1, further comprising:

a work platform (8) operationally connected to
said articulated parallelogram boom assembly
(5); and

a telescopic boom (7) connected between said
riser (6) and said work platform (8).

5. Allift apparatus, comprising:

a superstructure frame support (1);

ariser (6); and

an articulated parallelogram boom assembly
(5) operatively connected between said super-
structure frame support (1) and said riser (6),
said articulated parallelogram boom assembly
(5) including,

a floating frame (11);

a lower parallelogram boom assembly (9, 10)
operationally connected between said super-
structure frame support (1) and said floating
frame (11),

an upper parallelogram boom assembly (16,
17) operationally connected between said float-
ing frame (11) and said riser (6), said upper par-
allelogram boom assembly (16, 17) sloping
downward from said floating frame (11) to said
riser (6) when said articulated parallelogram
boom assembly (5) is fully lowered, and

first lift means (21) for raising and lowering said
articulated parallelogram boom assembly (5);
and further comprising:

a telescopic boom (7) connected to said
riser (6);

second lift means (24) for raising and low-
ering said telescopic boom (7); and where-
in

said floating frame (11) includes a notch
(50) in an upper portion thereof, and said
telescopic boom (7) seats in said notch
(50) when said articulated parallelogram
boom assembly (5) is fully lowered and
said telescopic boom (7) is fully lowered.

6. The lift apparatus of claim 5, further comprising:
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a work platform (8) operationally connected to
said articulated parallelogram boom assembly
(5); and

a telescopic boom (7) connected between said
riser (6) and said work platform (8). 5

7. Alift apparatus, comprising:

a superstructure frame support (1);

a riser (6); 10
an articulated parallelogram boom assembly

(5) operatively connected between said super-
structure frame support (1) and said riser (6),
said articulated parallelogram boom assembly

(5) including, 15
a floating frame (11),

a lower parallelogram boom assembly (9, 10)
operationally connected between said super-
structure frame support (1) and said floating
frame (11), 20
an upper parallelogram boom assembly (16,

17) operationally connected between said float-

ing frame (11) and said riser (6), and

first lift means (21) for raising and lowering said
articulated parallelogram boom assembly (5); 25
a telescopic boom (7) connected to said riser

(6);

a second lift means (24) for raising and lowering

said telescopic boom (7); and wherein

said floating frame (11) includes a notch (50) in 30
an upper portion thereof, and said telescopic
boom (7) seats in said notch (50) when said ar-
ticulated parallelogram boom assembly (5) is
fully lowered and said telescopic boom (7) is
fully lowered. 35
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