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- This invention relates to dragline excavators, particu-
larly the boom construction and suspension means. It is
particularly adapted to ovecome the problems of recoil
of the boom caused by a sudden release of the hoisted
load and the reaction forces in the boom and suspension.

It is the usual practice in boom comstruction for drag-
lines to employ an integral boom, of a given length,
pivoted at its foot on a main frame, and to support the
boom near its outer end by suitable suspension tackle.
The suspension tackle is anchored to the main frame and.
is usually trained over a mast, A-frame or other means,
to provide a greater moment arm about the boom-foot
pivot.

- With such construction, any sudden release of .a hoisted
load results in a recoil of the boom and suspension tackle
because of reaction forces in those components. This
recoil causes a flexing of ‘the intermediate porticn, par-
ticularly the central portion, of the boom; if a severe
recoil is encountered, or if a sufficient number of flexing
stresses are encountered repeatedly, failure of the boom
will result. ’

An obvious method of overcoming this problem is to
provide a sufficiently rigid boom and thereby prevent any
critical flexing of the central portion; however, this re-
sults in a boom construction of such weight as to reduce
the efficiency of the machine.

Therefore, it is the principal object of the present
invention to provide a dragline excavator with a boom
and suspension means in which the boom is of great
length in relation to total weight and overcomes the
problems associated with boom recoil. .

In the past, certain types of boom comstructions have
been devised to minimize bending stresses in the central
portion of a long boom. Examples of such constructions
are disclosed in U.S. Patent No. 2,015,629 to Knox and
in U.S. Patent No. 2,080,163 to Busick. Both of these
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sections, and still prevents any objectionable resuits
caused by boom recoil.

A further object of the invention is to provide a drag-
line excavator having such a boom with an inner boom
section which has stability in a vertical plane when a
hoisted load is released suddenly. .

A further object is to provide a dragline excavator
with a multiple section boom and suspension means in-
cluding 2 mast mounted on the becom comprising short,
light components thereby facilitating the assembly and
erection of the boom and suspension system.

In addition to my principal objects, above stated, I
have worked out a number of novel and useful details,
which will be readily evident as the description progresses.

My invention consists in the novel parts and in the

. combination and arrangements thereof, which are defined

20

25

30

35

40

45

in the appended claims, and of which different embodi-
menis are exemplfied in the accompanying drawings
which are hereinafter particularly described and ex-
plained. .

Throughout the description, the same reference num-
ber is applied to the same member or to similar members.

Figure 1 is a side elevation of one embodiment of my
invent.on illustrating a dragline excavator in which the
boom has been elevated to. a working height.

Figure.2 is the same as Figure 1, except that the boom
is in a substantially horizontal position.

. Figure 3 is a side elevation of another embodiment in
which the boom 1is elevated to a working height.

Figure 4 is like Figure 3 except that the boom is in a

© substantially horizontal position.

" Referring to Figures 1 and 2 which illustrate the first
embodiment of this invention, a dragline excavator is
shown having a main supporting frame 16 as a support-
ing base to which a boom and suspension can be attached.
A boom 11 is pivotally supported at its foot on the main
frame by a suitable pivot pin 2 to permit angular move-
ment of the boom about the pivot in a vertical plane.

The boom 11 comprises an inner section 13 and an
outer section 14 pivotally connected to each other by a
joining pin 15. An. upwardly inclined strut or “mast”
16 is pivotally connected to the inner boom section 13
intermediate the ends of the inner section. The masi-to-
boom connection may be any suitable means such as pin
17; however, the location of this mast-to-boom connec-

- tion 17 must be spaced a sufficient distance outboard from
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patents illustrate a type of boom designed specifically -

for use with power shovels which employ an extendible
dipper stick; neither construction is very desirable for
use as a boom on a crane or a dragline excavator. .

Generally, a dragline excavator requires a much longer
boom than a power shovel of the same rated load capac-
ity. Also in a multiple-section boom employed in a

shovel, -that boom section which supports the shipper

shaft requires a rigid member of the boom suspension
means to be connected to that same boom section at a
point closely adjacent the shipper shaft. This member
must be rigid since it withstands compression forces caused
by reaction of the dipper stick during crowding opera-
tions. In a dragline excavator such reaction forces are
not encountered; and -consequently rigid, heavy boom
constructions, such as those illustrated in the above Knox
and Busick patents, are unnecessary as well as undesir-
able.

© Therefore, it is also an object of the: present invention
to: provide a dragline -excavator with a multiple-section
boom and suspension which eliminates the need for any
heavy, rigid member or strut at the juncture of the boom
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the boom-foot pivot 12 and the mast must be inclined
in relation to the boom to result in a dowaward moment
about the boom pivot 12 acting upon the inmer section
13 when the beom is in an elevated working position such
as is shown in Figure 1. At the same time, the location
of the connection 17 should not be placed so far out-
board as to result in excessive bending stresses on the
inner section.

Suspension means for the boom is provided by suspen-
sion tackle, indicated at 18, between an anchorage 19 and
the boom 2i. The anchorage for the suspension tackle
18 is carried on the main frame at an elevated point
above the boom pivet 12; as illustrated, the anchorage 19
comprises cable reeling apparatus operably connected to
a cable winding drum 28 and mounted preferably upon
an A-frame or gantry 21. The suspension means may be
of fixed-length tension members, such as ropes, cables,
rods or the like, but preferably includes variable-length
boom-hoist tackle indicated at 184 coanected between
the anchorage 12 and the upper end of the mast 16, and
a fixed-length tension member 185, such as a Tope or
cable, connected between the top of the strut 16 and the
outer boom section 14 adjacent the boom point. Inter-
mediate fension means ¥8c is also provided between a
point near the top of the mast 1§ and the boom i1 at a-
connection point 22 adjacent the joining pin 15 carried
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by the inner section 33, It is important that tension

- members 18b and 18c¢ of the suspension means are both
of fixed length and preferably consisting of flexible ropes
or cables. Since the relative lengths determine, to a cer-
tain degree, the alignment of the longitudinal axes of the
inner and outer boom sections 13 and 24 it is extremely
important that these relative lengths be fixed after deter-
mining the proper proportionate dimensions.

With the boom 11 and suspension means employed in a
dragline excavator structure as shown, a load hoist line
23 is-operably connected to a second cable winding drum
24 on the main frame. The load line is then trained over
guide sheaves 25 supported on the boom and thence about
a boom point sheave 26 to-be attached to a drag bucket
27 by suitable means generally indicated at 28.. A drag
rope or cable 29 is also attached to the bucket 26 by
chains 39 and is also operably connected to a third cable
winding drum 31. . '

The ‘main frame 16 may be supported on any suitable

" ground engaging members indicated conventionally at
32 and is usually provided with propelling means (not’
shown) -as well as means to rotate the main frame about
4 center support (mot shown) which remains fixed in
relation to the ground engaging members. :

" It can be seen that the mast 16 is interposed between
the suspension means 18 and the boom 11 to provide a
greater boom suspension moment arm about the boom-
foot pivot 12 and thereby decresse the force required to
raise the boom and to support it in the elevated position
shown in Figure i. The length of the mast 16 in rela-
tion to the length of the boom 11 is also dimensioned to
provide a satisfactory angle between the suspension means
186 and the boom to thereby minimize the compression
forces in the bcom in any position without the use of such
a long mast which would cause -a shallow angle between
the mast and its susvension tackle 18a. The respective
locations of the anchorage 19, the boom pivot 12, and the
mast-to-boom connection 17 as well as the length of the
mast 16 are also proportioned to provide a relatively-
wide angle between the mast 16 and the suspension means
184 strung between the anchorage 19 and the mast when
the boom is in a substantially horizontal position shown
in Figure 2 and to substantially maintain such wide angle
when the boom is raised to the position shown in Figure
1. Since the compression forces in structures. such as
booms and masts, which are pivoted at their inner end
and supported by means of tension members at their
outer ends, is proportional to the relative angle between
such structure and the temsion member, it is imperative
that this angle be established at a satisfactorily wide angle
and substantially ‘maintained throughout the range of
movement. With the structure shown, a relative angle in
the rangé of 25 io 40 degrees has been determined to be
satisfactory to keep compressive forces in the boom and
mast at a sufficiently low value and thereby permit the
use of lighter constructions and increase the over-all effi-
ciency of the dragline excavator, This proportionate
dimensioning of and location of these elements results in
lower compression forces in the mast 16. Thus it can
be seen that a structure has been devised which minimizes
compression forces in the boom and also in the mast when
the boom is substantially horizontal, a position when
maximum compression forces are usually encountered in
those members, as well as when the boom is in raised

_ position. Conscquently, this wide angle is maintained
substantially throughocut the range of working elevations
of the boom when employed in a dragline excavator.
The preferable range of locations of the mast-to-boom
connection 17 and the inclination of the mast 16 relative
to the boom 11 is such that the moment arm about the
boom-foot pivot 12 of the line of action through the
mast is not less than one-tenth . (¥4g) nor greater than
one-half (¥5) of the moment arm of the line of action
of the intermediate suspension member 18c supporting
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the outer end of the inner boom section 13. By employ-
ing a mast so located and so inclined within the above
range, a downward moment acting upon the inner sec-
tion 13 of the boom is insured without imposing exces-
sive bending stresses on the inner section.

By referring to Figure 2, a dragline excavator is pro-
vided with a boom and suspension means utilizing short-
er, lighter components than conventional draglines which

. have integral booms and in which the mast is located

adjacent the boom foot. = With the present invention the
components may be positioned and handled - easily. dur-
ing assembly and erection of the boom. The usual se-
quence is to- first join the inner section 13 to the main
base and then connect the outer section 14 to the inner
section 13. One end of the mast 16 is pivotally con-
nected to the boom at 17 and the suspension means 18a
is strung between the anchorage 19 and the free end of
the mast and attached to cable drum 20. The flexible ten-

. sion-member 18b,-of fixed length, may then be connected

bétweesi . the  variable length ténsion member 18a and
the boom near the boom point. The flexible, fixed length
tension member 18¢ should then be attached at one end to
the mast 16, preferably near the top of the mast, and at
the other end at a point 22 adjacent the connection 15
of the boom sections.

Subsequent operation of the cable-winding drum 20 will
reel in cable of 18a to shorten the length of suspension
member 18z to raise the mast- 16 to-a position where
members 180 and 18c are in tension; further reeling -in-
of the cable of 18a -will elevate the boom as shown in
Figure 1. : e

" The length of the mast 16, the tension ‘members 185
and 18c and the outer section 14 as well as the inclina-

* tion of the mast in relation to the boom are proportioned
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S0 as to result in substantial alignment of the longitudinal
axes -of both boom sections 13 and 14.

Referring to Figures 3 and 4, another embodiment of
the invention is llustrated as having a boom 11 pivotally
supported by the main frame 10, and suspension means
18 strung between a connection with the boom adjacent
the boom point and an elevated anchorage 19. A mast
164 is connected between the suspension means and the
boom and intermediate suspension means 18¢ between the

" mast 16a and the boom are provided being connected to

the infermediate portion of the boom at 22. Any suit-
able hoisting mechanism may be provided which' includes
a cable-winding drum and a load hoist line operably at-
tached to the drum and trained over a boom point sheave
such as illustrated in Figures 1 and 2. To more clearly
illustrate’ the boom and suspension means, none of the
hoisting mechanism is shown in Figures 3 and 4.

In this embodiment the boom 11 comprises an inner
section 13« and an outer section 14 pivotally connected
to each other at 15.  The inner section 13a is of trussed
skeleton construction in the form of a triangle having a
broad base and includes an apex 17a intermediate the
ends of the innmer section 13a. The preferred embodi-
ment positions this apex 17a closer to the boom-foot piv-
ot 12 than the outer end of section 13a. The position of
17q is selected to provide a location for a mast-to-boom
connection 17 which will increase the vertical stability of
the inner section without imparting critical bending
stresses to this member. ’

The mast 164 is also of trussed construction and prefer-
ably is positioned, as shown in Figures 3 and 4, as an in-

verted triangle having an apex 16b connected to the boom

at 17 and a base 16¢ connected to the suspension means 18.

1t is also desirable to divide equally the total compres-
sion load carried by the two sides of the triangular-
shaped mast 16a when the boom is in an elevated operat-
ing position as shown in Figure 3. The angle of eleva-
tion of the boom during digging operations is within a
range of 30° to 40°. To accomplish this approximate
load division, the dimensions and positioning of the tri-

o .
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angular mast ‘164; the length.of the boom 11 and the re-
spective locations of the ‘anchorage 19, the .connection
between the suspension mezans and the boom, the boom
pivot 12 and the mast-to-boom connection 17 are so pro-
portioned that approximately equal -angles “g” and “b”
result between the base 16¢ of the:triangular mast and
lines drawn through the lines of action of the suspension
members 184 and 185 on both sides of the mast when the
beom is in an elevated operating position. The forces
down each leg of the ‘triangular mast and the truss con-

struction of the mast result in both legs supporting each

other as a column. - Consequently, the compressive load
is imposed on a construction which is the equivalent of a
straight column thus eliminating any tendency to buckle.

By forming the inner section 13g of ‘the boom 11-as a
triangle and by locating the’ mast-to-boom connection at
the upper apex 17z of this triangle, the mast components
are thereby shortened. This results in a more rigid mast
which reduces the total weight on the boom and“conse-
quently the front end moment of the entire: machine.

The mast 16a need not be constructed entirely of rigid
struts since the base 16c¢ encounters tension stresses only.
Therefore the mast 16a may comprise a plurality of struts
angularly spaced in a vertical longitudinal plane of the
boom and each of the struts connected at one end to the
inner boom section by means of the mast-to-boom -con-
nection 17. The upper ends of the struts may be con-
nected by a portion of the suspension means 18 and stif-
fening members interposed between the struts to inter-
connect the struts at a plurality of points intermediate the
ends of the struts.
the stiffening members interconnecting the struts result
in the struts supporting each -other as a column -and re-
duces any tendency to buckle. -

In both Figures 2 and 4, the forms of the invention-dis-
close a boom and suspension means which provide a rela-
tively wide angle between the mast and that portion of
the suspension means 182 between the mast and the
anchorage 19. This wide angle is -desirable since com-
pression stresses are thereby decreased in the mast. Con-
ventionally comstructed boom suspensions locate the mast
on or adjacent the main frame resulting in a relatively
short distance between the anchorage and the lower end
of the mast. By locating the mast-to-boom connection
outwardly a -sufficient distance -on the boom so that the
distance between the anchorage 19 and the mast-to-boom
connection 17 is greater than the distance between the
anchorage 19 -and the boom pivot 12 ‘when the boom is

substantially horizontal, a relaiively wide angle is pro-

vided between the mast and that portion of the suspension
means 18q between the mast and the anchorage. This re-
duces compression stresses in the mast and permits the
use of a lighter weight mast construction.

The dragline excavators provided with the boom and
suspension systems shown in Figures 1 and 3 overcome
the objectionable results caused by boom recoil upon a
sudden release of the hoisted load, as in dragline opera-
tion. Both constructions illustrated are capable of sup-
porting a hoisted load by means of a suitable load hoist
line such as 22 in Figure 1. The load line is in turn
supported at the boom point by cooperation of the boom
11, the suspension means 18, anchorage 19, mast 16 or
164, and the main frame 10. The weight of any hoisted
bucket and load tends to stretch the tension members 184,
185b, and 18¢ of the suspension means and tends to deflect
downwardly the outer section 14 of the boom 11; the de-
gree of deflection being determined by the relative elastic-
ity of these members in relation to total weight.

Dumping the bucket during conventional dragline op-
erations causes a sudden release of the strain energy pres-
ent in the tension members 184, 185 and 18c during the
loaded condition, as well as a release of the energy in
the slightly-deflected boom section 14. This sudden re-
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coil and .causes the outer end of the outer section 14 to
whip upwardly. Since tension member 185 is flexible
and boom section ‘14 is pivotally connected at 15 to the
inner section, the boom recoil forces can be dissipated
in the outer boom section. - As the outer section returns
from its recoiled position to its static unloaded position,
an upward secondary reaction force is imparted to the
inner end of section 14 and the entire boom tends to jack-
knife at the pivotal connection i5. - However, since the
weight of the mast and the weight of the supported com-
ponents of the suspension system, as well as the resultant
of the suspension forces acting down the mast, are all car-
ried by the inner boom section 13, a downward moment
is-imparted :at all times 1o the inner section. Consequent-
ly, any tendency of the boom to jack-kmife is prevented
by the stability of the inner section 13. A dragline ex-
cavator is thus provided with a boom construction and
suspension which safely dissipates the forces causing boom
recoil, ‘while still maintaining stability of the inner section
of the boom.

Since the intermediate portion of the boom which is
usually subjected to flexing stresses is jointed in the present
invention rather than consisting of a heavy, rigid structure,
a much lighter boom construction is possible, thereby
permiiting an increase in the total length of the boom
without an increase in weight.

Having now described and illustrated two forms of the
invention, it is to be understood that this invention is not
to be limited to the specific form or arrangement of parts
herein shown -and' described.

"What is claimed is:

1. In a dragline excavator having a main frame and a
digging bucket supported by a hoist line and moved for
digging by a dragline the combination therewith of: a
multiple-section boom having a boom foot and a boom
point; a boom-pivot connection with the main frame; said
boorm comprising an inner section and an outer section
having their longitudinal axes substantially in alignment;
a pivotal connection between the inner and the outer boom
sections; suspension means ‘between the main frame and
the outer end of the boom; an upwardly-inclined mast in-
terposed between the suspension means and the inmer
boom section; a mast-to-boom - connection joining the
mast to the inner boom section; a fixed-length flexible
tension member between the mast at a point near the top
of the mast and the boom at a point adjacent the pivotal
connection between the inner and the cuter toom sections;
said suspension means comprising variable-length boom-
hoist tackle between the main frame and the mast and
comprising a fixed-length flexible tension member between
the mast and the boom adjacent the boom point; both of
said fixed-length flexible tension members being dimen-
sioned proportionately in such a manner that the boom
sections are maintained in substantial alignment; and the
said mast-to-boom connection being so located outwardly
from the boom-foot pivot a substantial predetermined dis-
tance and the mast inclined in such a manner that the line
of action through the mast imparts a downward moment
to the inner boom section and thereby maintains the ten-

-sion member in tension at all times throughout the range

of boom positions.

2. In a dragline excavator, the construction according
to claim 1, further characterized by the fact that the mast
comprises a plurality of struts angularly spaced in a ver-
tical longitudinal plane of the boom each being connected
at one end to the inner boom section by means of the
mast-to-boom connection, the upper ends being connected
by a portion of the suspension means, and a plurality of
stiffening members interconnecting said strats at a plural-
ity of points intermediate the ends of said struts.

3. A dragline excavator according to claim 1, further
characterized by the fact that the downward moment im-
parted to the innmer boom section through the line of
action of the mast is not less than one-tenth nor greater

lease of energy results in a reaction known as boom re- 75 than one-half of the upward moment through the line
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of action of the tension member connected to the mast
and supporting the boom adjacent the pivotal connection
of .the boom sections. : e s g
“-4:7In a dragline excavator: a.multiple section:boom
and -suspension means, comprising a main support base;
an elevated anchorage on the main base; a boom having
an inner section and an outer section; a:pivotal connection
between the said boom sections; a boom pivot connection
between the inner section and the base; suspension means
connecting the anchorage-and the boom; an upwardly-in-
clined mast interposed between the suspension means and

the said -inneér boom section; a fixed-length flexible ten-.

sion member connecting the mast near its upper end and
the. boom adjacent the pivotal connection of the boom
sections; a mast<to-boom connection pivotally joining the
mast to said inner section and located at a point interme-
diate. the ends of said inner boom section; the respective
locations of the anchorage, the boom pivot connection;
and the mast-to-boom connection being spaced in such a
manner that for a horizontal position of the boom, the dis-
tance between the anchorage and the mast-to-boom con-
nection is greater than the distance between the anchorage
and the boom pivot thereby providing a wide angle be-
tween the mast and that portion of the suspension means
between the mast and the anchorage and reducing the
compression stress on the mast. :

5. In a dragline excavator, the construction according
to claim 4, further characterized by the fact that the mast
in a vertical plane passing through the longitudinal axis
of the boom is in the form of an inverted triangle.

6. In a dragline excavator, the construction -according
to claim 5, further characterized by the fact that the inner
section of the boom in a vertical plane passing through
the longitudinal axis of the boom is in the form of an
upright triangle. )

7. In a dragline excavator: a boom and suspension
means, comprising a main support base; an elevated an-
chorage on the main base; a boom having a boom foot
and a boom point; said boom comprising an inner section
and an outer section; a pivotal connection between said
sections; a boom-pivot connection between the main base
and the boom, adjacent the foot of the boom; suspension
means for the boom connecting the anchorage and the
boom; an upwardly-inclined mast interposed between the
suspension means and the boom; a fixed-length tension
member connecting the mast near its upper end and the
boom adjacent the pivotal connection of the boom sec-
tions; a mast-to-boom connection pivotally joining. the
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mast to.the inner boom section; said mast-to-boom con-
nection. being spaced outwardly from the boom foot a
sufficient distance so that a downward moment is imparted
to the-inner boom section about the boom foot; the mast in
a vertical plane passing .through the longitudinal axis of
the: boom being in. the form of an inverted triangle; the
base of said inverted triangularly-skaped mast being con-

nected to the suspension means; the apex of said mast:

being connected to the inner boom section; and the dimen-
sions of the triangular mast, the length of the boom and
the respective locations of the anchorage, the connection

" between -the suspension means and the boom, the boom

foot pivot and the mast-to-boom connection being so pro-
portioned that approximately equal angles result between
the base of the triangular mast and lines drawn through
the lines of action of the suspensicn means on both sides
of the mast when the boom is in an elevated, operating
position. B S

. 8. In a dragline excavator, the construction according
to claim 7, further characterized by the fact that the inner
section of the boom in a vertical plane passing through
the longitudinal axis of the boom is in the form of an
upright triangle. ]

9. In a dragline excavator, a multiple section boom
and suspension means comprising a boom having an inner
section and an outer section; a pivotal connection between
said inner and outer sections; a main supporting base;
a pivotal connection between the main base and the jnner
section of the boom; an upwardly inclined mast connected
to the inner section.intermediate the ends of said inner
section; suspension means between the main base and
the upper end of the mast; suspension means between the
upper end of the mast and the outer end of said outer
boom section; and intermediate fixed-length flexible ten-

5 sion means between -the mast and a point on the boom

adjacent the juncture of said inmer and outer sections.
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