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57 ABSTRACT 

A crane boom comprises plural extensible and 
retractable telescoping sections each of which is trape 
zoidal in cross section. The trapezoidal cross sectional 
shape imparts to a boom of given weight greater lifting 
capacity or longitudinal rigidity and greater lateral sta 
bility than any other cross sectional shape. The trape 
zoidal cross section allows for a much more efficient 
placement of wear pads between boom sections and 
web stiffeners on the sides and bottoms of the sec 
tions. Adequate internal space is provided for boom 
extending and retracting means whether hydraulic or 
mechanical. 

9 Claims, 14 Drawing Figures 
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TRAPEZOIDAL TELESCOPING CRANE BOOM 

BACKGROUND OF THE INVENTION 
Heretofore in the art, the booms and boom sections 

of telescoping crane booms, such as the type used on 
mobile carriers and constructed to be extended and 
retracted by hydraulic rams or cables in conjunction 
with hydraulic rams, or the like, have been generally 
rectangular in cross-section. Two or more box-shaped 
boom sections are correspondingly proportioned so 
that they telescopically slide in each other to provide a 
boom of appropriate length. Generally, booms are con 
structed of between two to five telescopic boom sec 
tions. 
As rectangular cross-section booms have been 

designed to lift loads of greater weight the vertical walls 
of the boom sections have been made higher, increas 
ing the rectangular cross-section and putting more 
material in the vertical walls to increase the rigidity of 
the boom in the longitudinal direction and thus in 
crease the strength of the boom. It has been found, 
however, that the height to which the rectangular 
cross-section can be increased is limited by the width of 
the rectangular cross-section. When a rectangular 
boom carrying a load is extended, and particularly 
when the boom is rotated on its carrier in the extended 
position, the nose of the boom has a tendency to twist 
about the longitudinal axis of the boom and lay over on 
its side. To combat this, the rectangular cross-section 
of the boom is made wider and in some cases the cross 
section is square in shape. However, it has been found 
that while this provides greater lateral rigidity to the 
boom, it adds excessive weight to the boom itself, such 
that rectangular cross-section booms cannot be made 
wide enough to give proper lateral rigidity without ad 
ding a disproportionate amount of excessive weight to 
the boom. 
A rectangular cross-sectioned boom also has other 

design limitations. A crane boom is primarily a cantil 
evered beam, a moment carrying member, and in a 
telescopic boom the telescoping sections must fit close 
ly inside each other with as little side, top and bottom 
play as possible. The width is therefore limited to such 
an extent that there is not sufficient room to properly 
stiffen the vertical web members of the rectangular 
cross-section, so that all stiffening is obtained in the 
thickness of the metal used. Massive shear forces are 
therefore present at the points of concentrated loads 
when the boom is in extended position, that is, within 
the socket area or overlap area of adjacent extended 
telescopic sections. 

Additionally, excessive transverse stresses are 
developed on the top and bottom members of the 
rectangular cross-sectioned boom sections. Adjacent 
telescopic sections are guided and supported within 
each other normally by means of rollers or wear pads 
on the inner end of one section bearing on the inside of 
the top member of the section into which it slides, and 
on the outer end of each section bearing on the outside 
of the bottom member of the adjacent section housed 
therein. Because of the configuration of one rectangu 
lar member nested within another rectangular member 
the wear pads or rollers, which are points of concen 
trated loads between sections, are located a substantial 
distance inwardly from the side walls of the rectangular 
sections and with such a configuration it is impossible 
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2 
to locate the wear pads beneath the vertical web mem 
bers of the succeeding boom section. For this reason, in 
rectangular cross-section booms, the wear pads 
between adjacent sections cause excessive transverse 
bending stresses to be developed in the top and bottom 
members of a rectangular cross-sectioned boom. 
The boom art therefore requires a break-through in 

the design of telescopic booms which will enable the 
strength and rigidity to weight ratio in both longitudinal 
and lateral directions to be substantially increased, thus 
enabling a boom of a given weight to be capable of lift 
ing considerably heavier loads than a prior art boom of 
the same weight. Triangular cross-sectioned telescopic 
booms have been used in machinery where the majority 
of the load is along the longitudinal axis of the boom, 
but such an arrangement, while it approaches a solu 
tion to the design problem of lateral rigidity, since the 
base of the cross-section is much wider than the apex of 
the triangular cross-section, it is not suitable for use in a 
cantilevered crane boom which functions as a load car 
rying beam. A boom having a cross-section of an equi 
lateral triangle with longitudinally extending chord 
members of equal cross-sectional area in each corner 
of the triangular configuration provides a good column 
design which efficiently functions as a compression 
member but it will not efficiently function as a cantil 
evered load lifting beam. The main reason is that the 
chord at the apex of the triangular cross-section cannot 
provide sufficient track or bearing area for the wear 
pads of the adjacent inner section and tremendous con 
centrated forces would, therefore, be present at the 
apex of the triangular section. Additionally, a triangu 
lar cross-section restricts the inner area available in a 
boom for the positioning of the operating hydraulic 
cylinders to such a great extent that this restriction 
alone makes a triangular cross-sectional boom imprac 
ticable. 

Therefore, up until the present time, the art is 
without a solution to the problem of a more efficient 
design for a telescopic boom which will enable the art 
to move on and produce telescopic booms capable of 
lifting greater loads than is presently possible with 
known designs. " . 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a telescop 
ing preferably hydraulically operated crane boom of 
the type commonly used on mobile carriers is provided. 
The boom is characterized by the fact that the several 
boom sections are trapezoidal in cross section and 
preferably the wider base of the trapezoid is lowermost 
and its sides, which are of equal length, converge up 
wardly. The trapezoid is symmetrical and has its major 
axis disposed in a vertical plane. This construction 
greatly increases the lifting efficiency of the crane 
boom and its economy in terms of lifting capacity to 
weight ratio. In comparison to other cross sectional 
forms, the total boom and its sections are more rigid in 
the longitudinal direction or in the plane in which the 
lifted load is suspended. The boom is also more stable 
laterally and more resistant to lateral deformation and 
twisting. When a heavy load is suddenly released, as 
when dumping a bucket of concrete, vertical whipping 
or springing upwardly of the boom is greatly lessened 
due to the greater rigidity inherent in the trapezoidal 
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shape. In comparison to other specific cross sectional 
shapes commonly employed, as much as 50 per cent 
more lifting capacity can be obtained or three times as 
much rigidity in the vertical plane and up to seven 
times more rigidity laterally. 
The trapezoidal configuration possesses other 

marked advantages over rectangular and other shapes. 
Additional room is provided for side and bottom web 
stiffeners and for front and rear lateral guides without 
increasing the space between telescoping sections 
which must be maintained to a minimum. Additionally, 
the wear pads or bearings between adjacent sections of 
the boom may be located substantially in direct align 
ment with the reinforced side webs and this important 
feature has not been possible with other cross sectional 
shapes, including rectangular. The trapezoidal shape 
also provides adequate internal chamber space for 
hydraulic rams and associated components. 
BRIEF DESCRIPTION OF DRAWING FIGURES 

FIG. 1 is a front perspective view of a retracted 
trapezoidal telescoping crane boom embodying the in 
vention; 

FIG. 2 is a side elevation of the boom facing in the 
opposite direction to that depicted in FIG. 1; 

FIG. 3 is a plan view of the retracted boom; 
FIG. 4 is a bottom plan view thereof; 
FIG. 5 is an enlarged front end elevational view of 

the boom; 
FIG. 6 is a similar rear end elevational view; 
FIG. 7 is an enlarged fragmentary cross section taken 

on line 7-7 of FIG. 3; 
, FIG. 8 is a similar section taken on line 8-8 of FIG. 
4; - 

FIG. 9 is a side elevational view of the boom ex 
tended, on a considerably reduced scale; 

FIG. 10 is an enlarged side elevational view of the 
portion A in FIG.9; 

FIG. 11 is a similar view of the portion B in FIG. 9; 
FIG. 12 is a similar view of the portion C in FIG.9; 
FIG. 13 is a similar view of the portion D in FIG. 9; 

and . . 

FIG. 14 is an enlarged transverse vertical section 
taken on line 14-14 of FIG. 10. 

DETALED DESCRIPTION 

Referring to the drawings in detail, wherein like nu 
merals designate like parts throughout, the numerals 
20, 21, 22 and 23 designate, respectively, the base sec 
tion, inner mid section, outer midsection, and the fly. 
section of the telescoping boom assembly. As shown 
particularly in FIGS. 1, 5 and 6, each of the individual 
boom sections is trapezoidal in cross section and in 
each case the wide base of the trapezoidal boom sec 
tion is lowermost and the upwardly converging sides 
are of equal length so that the trapezoid is symmetrical 
about its neutral axis. The trapezoid, forming the basis 
of the cross sectional shape of each of the boom sec 
tions, is elongated in the vertical plane, FIG. 5, that is 
to say, the depth of the trapezoid in the vertical plane 
through its center is greater than its maximum width at 
the base. 
As best shown in FIG. 9 where the boom assembly is 

fully extended, the sections 20, 21 and 22 possess a 
number of common structural features, to be described 
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4. 
in detail, whereas the fly section 23, while possessing 
the characteristic trapezoidal shape, differs in its details 
from the other boom sections. 
The base section 20, which is the outermost of the 

boom sections and therefore has the largest trapezoidal 
cross section, embodies a top plate 24 extending for its 
entire length and relatively thin side walls or webs 25 
which diverge downwardly from the longitudinal edge 
portions of the top plate in a symmetrical manner with 
respect to a theoretical central vertical plane through 
the boom. The base section 20 further comprises a rela 
tively thin bottom web 26 bounded along its longitu 
dinal edges by continuous bars or rails 27 of increased 
thickness and rigidity. The elements 26 and 27 make up 
the lower base of the trapezoidal base section 20. The 
elements 24 through 27 are all integrally joined in a 
very secure manner by welding. 
At spaced intervals along the length of the base sec 

tion 20, side web stiffeners 28 are provided on the 
outer faces of the side webs 25 and welded thereto with 
their upper and lower ends welded to the top plate 24 
and bars 27, respectively. As clearly shown in FIG. 14, 
the web stiffeners 28 lie within the longitudinal edges of 
the elements 24 and 27. As shown in FIG. 7, each web 
stiffener 28 is a channel member having its open side 
facing the adjacent side web 25. In a similar manner, 
bottom web stiffeners 29 are provided at spaced inter 
vals along the bottom web 26 to reinforce the same 
against buckling and, as shown at FIGS. 3 and 4, the 
stiffeners 28 and 29 may be disposed at similar loca 
tions along the boom section 20. While the spacing of 
the web stiffeners is not extremely critical, they are 
preferably spaced apart by distances which approxi 
mate the depth of the trapezoidal boom section to. 
which they are applied. FIG. 8 illustrates the channel 
construction of the bottom web stiffeners 29 whose 
open sides face the web 26. 
The base section 20 is equipped at its rear end with a 

suitably reinforced main pivot unit 30 for the entire 
boom which is attachable in a conventional manner to 
the mobile carrier. Near its midpoint and on its bot 
tom, the boom base section is also equipped with a 
reinforced connector. 31 for the boom lifting cylinder 
indicated in phantom lines at 32 in FIG. 2. At its for 
ward end, the base section 20 carries an underslung 
transverse box member 33 which receives the lower 
forward wear plates or pads 34 and their conventional 
holders. ... " 

At the forward end region of the base section. 20 
where this section receives the extended inner mid sec 
tion 21 in socketed relationship, and is therefore sub 
jected to great stresses, the top plate 24 is reinforced by 
an overlay plate .35. Additionally, in this region, side 
longitudinal reinforcing bars 36 are employed 
preferably between the forward four web stiffeners 28 
and directly under the top plate 24 to greatly reinforce 
the welded joints so as to resist the greatest wear pad 
stress. Suitable diagonal braces 37 are also preferably 
employed on opposite sides of the base section, as 
shown in the drawings, to render the structure further 
rigid in the critical region of high stress. At the extreme 
forward end of the base section 20 and depending from 
its top plate 24 is a stabilizing means 38 for the inner 
mid section 21 when the boom is fully retracted, 
preventing the boom sections from shifting laterally or 
twisting relative to one another. 
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The inner and outer mid sections 21 and 22 of the 
telescoping crane boom are very similar in construction 
to the base section 20 except that they are not 
equipped with the elements 30 and 31 and are of suc 
cessively smaller trapezoidal cross sectional shape for 
close interfitting relationship with each other and with 
the base section 20. It is therefore believed that it is un 
necessary to completely describe the boom mid sec 
tions 21 and 22, and in the drawings primed and dou 
ble-primed reference numerals corresponding to the 10 
numerals employed for various components of the base 
section 20 are used to designate the identical parts in 
the inner and outer mid sections 21 and 22. Except for 
differences in size, the construction and functioning of 
these various detailed elements on the boom sections 
20, 21 and 22 are identical. 
The inner and outer mid sections 21 and 22 contain 

one other feature of difference from the base section 
20 in that both of the former are provided at their rear 
ends and tops with laterally spaced wear pads 39 
mounted in holders 40, FIG. 6, having reinforcing and 
bracing means 41 and 42 at the rear end of the particu 
lar boom section. The base section 20 requires no 
upper wear pads since it does not operate inside of 
another boom section. 

It may now be observed by referring particularly to 
FIGS. 5 and 6 that with the trapezoidal construction of 
the individual boom sections, the lower wear pads 34, 
34' and 34' may be located directly under the side 
webs 25, 25' and 25' so as to receive directly the 
forces or loads transmitted through these webs. This 
advantageous arrangement of wear pads or rollers, in 
some cases, is not readily attainable when rectangular 
cross sectional boom sections are employed because 
the lower pads as well as the upper pads must be ar 
ranged somewhat inwardly of the side webs. In such 
cases, when the boom is loaded, the top and bottom 
plates or webs of the boom sections have a tendency to 
distort or bow transversely, and in this respect, one of 
the significant advantages of the trapezoidal configura 
tion is that it allows the placement of the lower forward 
wear pads directly under the side webs of the next in 
nermost boom section. 

Since various load capacities and lengths of booms 
are involved in practice, precise sizes and dimensions 
of the trapezoidal sections are somewhat variable. 
However, proportional limits can be defined. Using the 
vertical height of the trapezoidal section, FIG. 14, for 
unity, then the width of the top plate 24 will measure 
from 0.35 to 0.6 of unity and the bottom assembly or 
plate including the elements 26 and 27 will measure 
from 0.8 to 1.1 of unity. Also, as is well known, all 
beams including cantilever beams have a neutral axis 
and for greatest beam efficiency, the masses above and 
below the neutral axis should be nearly as equal as 
possible and these masses should be as distant as possi 
ble from the neutral axis. The theoretical neutral axis of 
the trapezoidal base section 20 is indicated at 43 in 
FIG. 14 for illustrative purposes. The mass above this 
axis including the top plate 24 is approximately equal 
to the mass below the neutral axis including web 26 and 
bars 27 and associated elements. As is apparent in FIG. 
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6 
bodies a similar top plate 44, side webs 45, and bottom 
web 46 reinforced at its edges by longitudinal bars 47, 
the various web stiffeners and bracing on the base sec 
tion 20 and mid sections 21 and 22 is unnecessary and 
need not be employed. This is true because the fly sec 
tion 23 is customarily extended during use only when 
relatively light loads are being handled and not under 
heavy loads. Therefore, the fly section is never sub 
jected to the high degrees of stress that the other boom 
sections receive. Since the fly section 23 has no boom 
section telescoped within it, it also requires no forward 
wear plates or pads similar to the pads 34, 34' and 34'. 
However, the fly section 23 does require and is 
equipped with the upper rear bearing pads or rollers, in 
some instances, and these are conventional elements in 
the art. The fly section carries the conventional nose 
assembly 48 shown in phantom lines in FIGS. 2 and 13. 
The telescopic crane boom may be extended and 

retracted by any desired hydraulic means or by 
mechanical cable means, or the like. Preferably, it is 
hydraulically operated and a preferred operating 
means of this character is illustrated somewhat sche 
matically in phantom lines in the drawings. Referring 
particularly to FIGS. 10 through 13, the piston rod 49 
of the first ram is secured as at 50 to the back of base 
section 20 and the cylinder 51 of this first ram is 
pivoted at 52 to the rear of inner mid section 21, the 
forward end of this ram cylinder extending freely into 
the inner mid section 21, FIG. 11. 
A box element 53 is pivoted at 54 to the rear of outer 

mid section 22 and extends forwardly with a free end 
terminating adjacent the forward end of the outer mid 
section, FIG. 12. The cylinder end 55 of another ram is 
pivoted at 56 to the rear end of inner mid section 21 
and extends forwardly into and through the box 53 and 
the rod end 57 of this ram is pivotally connected at 58 
to the forward terminal end of the box 53, as shown in 
FIG. 2. 

Finally, the cylinder end 59 of a third ram, FIG. 11, is 
pivotally connected at 60 to the rear end of outer mid 
section 22 and the forward end of this cylinder 59 ter 
minates within and near the forward end of mid section 
22. The rod 61 of this third ram extends forwardly into 
the fly section 23, FIG. 13, and is pivotally connected 
therewith at 62. The arrangement provides for full ex 
tension of the boom as illustrated in FIG. 9 and the full 
retraction thereof to the condition shown in FIGS. 1 
and 2 and all adjusted positions in between the two ex 
tremes. Preferably, each of the hydraulic rams, above 
described, is an individually actuated double acting 
2. 

As shown in the drawings, the boom fly section 23 is 
preferably reinforced between its side webs 45 with a 
centrally located transverse brace web 45' which ex 
tends continuously for the full length of the fly section. 
Additionally, front lateral guides or pads 63, 63' and 
63' are provided on opposite sides of the base section 
20 and inner and outer mid sections 21 and 22 to stabil 
ize and guide the interfitting boom sections laterally. 

14, the major mass elements 24 and 26-27 are located is 
as far as possible on opposite sides of the neutral axis. 
While the forwardmost or fly section 23 of the boom 

has the same characteristic trapezoidal shape and em 

Similarly, rear lateral guides or pads 64, 64' and 64' 
are provided on opposite sides of the two boom mid 
sections and the fly sections 23, FIG. 6. 
The terms and expressions which have been em 

ployed herein are used as terms of description and not 
of limitation, and there is no intention, in the use of 



7 
such terms and expressions, of excluding any 
equivalents of the features shown and described or por 
tions thereof but it is recognized that various modifica 
tions are possible within the scope of the invention 
claimed. 

I claim: 
1. A telescoping crane boom comprising a base sec 

tion for the boom having means to pivot it about one 
end thereof, at least one additional extensible and 
retractable boom section telescopically engaged within 
the base section with means connected thereto adapted 
to load only the outer free end of the crane boom, 
power means to extend and retract the telescoping 
boom, all sections of the telescoping boom being trape 
zoidal in transverse cross section and including up 
wardly converging side webs, a relatively narrow top 
plate secured to the side webs and a relatively wide bot 
tom plate unit secured to the side. webs, a reinforce 
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facing and abutting the webs to which they are welded. 
6. A telescoping crane boom comprising a base sec 

tion for the boom having means to pivot it about one 

O 

15 

ment for the top plate of at least the base section of the 
boom adjacent the forward end of the base section to 
resist stresses produced thereon by extension and load 
ing of the next forwardmost boom section having upper 
wear pads bearing against the top plate of the base sec 
tion, and said reinforcement comprising an over 
layplate mounted on said top plate, and a pair of side 
reinforcing bars adjacent the overlay plate and near the 
tops of the side webs and secured thereto and to said 
top plate. 

2. The structure of claim 1, and plural longitudinally 
spaced web stiffeners secured to said side webs of at 
least said base section of the boom. 

3. The structure of claim 2, and additional transverse 
longitudinally spaced web stiffeners for said bottom 
plate unit secured thereto. 

4. The structure of claim 3, and a pair of longitudinal 
side reinforcing bars extending along the lower corners 
of at least said base section of the boom and secured to 
said side and bottom web stiffeners, said side webs and 
bottom plate unit formed of relatively thin gage materi 
al for lightness. 

5. The structure of claim 4, and all of said web stif 
feners comprising channel bars having their open sides 
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end thereof, at least one additional extensible and 
retractable boom section telescopically engaged within 
the base section with means connected thereto adapted 
to load only the outer free end of the crane boom, 
power means to extend and retract the telescoping 
boom, all sections of the telescoping boom being trape 
zoidal in transverse cross section and including up 
wardly converging side webs, a relatively narrow top 
plate secured to the side webs and a relatively wide bot 
tom plate unit secured to the side webs, a pair of 
laterally spaced wear elements on the bottom plate unit 
of at least said base section near the forward end 
thereof to receive directly the bottom plate unit of the 
next forwardmost additional boom section, and said 
wear elements disposed directly under the side webs of 
said next forwardmost additional boom section for 
transmitting forces directly thereto. 

7. The structure of claim 6 in which the cross sec 
tional height of any boom section is unity and the width 
of said top. P is from 0.35 to 0.6 pf ity and the 
width of said bottom plate unit is from 0.8 to 1.1 of uni 
ty. , 

8. The structure of claim 6, and a pair of upper wear 
elements interposed between the top plates of the two 
boom sections and being located substantially directly 
above side side webs of the next forwardmost addi 
tional boom section for transmitting forces directly 
thereto whereby the side webs function substantially as 
columns to absorb said forces, and means to retain the 
upper wear elements on the next additional forward 
most boom section. 

9. A telescopic crane boom as set forth in claim 6 in 
which said bottom plate unit of at least one of said 
boom sections includes a pair of longitudinal reinforc 
ing bars extending along the lower corners of the boom 
section connected beneath the side webs thereof, and a 
bottom web of relatively thin gage material connected 
between said pair of longitudinal reinforing bars. 

3k k k 


