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GUNTERT, a said succession to circulate the same in citizen of the United
States of America of one direction providing a descending por- 2402
Clarendon   Street,   Stockton, tion of said loop from one of said points
California, United States of America, do  to a lower portion at the bottom
of said 5 hereby declare the invention, for which I loop and an ascending
portion from said 50 pray that a patent may be granted to me, lower portion
to the other point of suspen- and the method by which it is to be per- sion
with the buckets. at said lower portion formed, to be particularly
described in and  in digging engagement with the material of by the
following statement:-           said bed during   said movement; progres-
10  The  present invention  relates to  a sively lowering  said lower
portion relative 55 method  and  machine  for  excavating  to said points
of suspension to lower the materials, and particularly, but not ex- digging
depth of the buckets of said lower clusively for excavating materials from
portion different distances downwardly by beneath a water  surface.
simultaneously increasing the length  of the is  To recover material
situated beneath any  loop suspended below said points and de- 60 kind of a
water body, particularly material creasing the length of the loop   above
said at several hundred feet below the surface, remainder  and  extending
between  said and to do so satisfactorily, without equip- points, during
said circulation Qf the buck- ment damage and economically over a long  ets
of said succession. 20 period, is difficult or often impossible with-
From  a second aspect  the invention 65 out special facilities and methods.
Al- provides an excavating machine comprising though there are many and
varied recovery  a support adapted to be supported in a problems in various
environments, particu- position spaced above the material to be lar
attention at present is being given to  excavated; an endless row of spaced
ex- 25 the problem of excavating bottom material cavating buckets, each
having a digging 70 beneath the ocean either for its own sake end,
connected for movement longitudinally or for values it contains, or both.
For use of said row with said digging ends facing in that circumstance and
also in other en- said one direction; suspending means on vironments, I
have conceived of an ex- said support for suspending said row in a 30
cavating machine and  manner of ex- loop of generally catenary shape.
depending 75 cavating  having  certain  fundamental below said support
providing a horizontally characteristics that can be varied to suit a
extending upper portion at said support wide range of operating conditions.
and a descending and ascending portion re- According to a first aspect of
the present spectively extending downwardly from the 35 invention there is
provided a method of ex- ends of said horizontally extending portion 80
cavating material from a bed thereof that to a lower digging portion for
digging en- includes the steps of suspending in a sub- gagement with the
material to be ex- stantially vertical plane from  a pair of cavated when
the buckets of said row are generally horizontally spaced points of sus-
moved in said one direction; line-means 40 pension spaced above said bed,
an endless connecting said buckets for simultaneous 85 succession of
excavating buckets in the  movement in said one direction and driving form
of a loop with said points within the  means on said support in driving en-
upper portion of said loop and with the  gagement with said line means for
effecting remainder below  said points tending to  said movement;
supporting means support- 45 hang freely along a catenary curve; moving
ing one of said suspending means on said 90 [Price 33p]    2
1 382 600                                       2 support for horizontal
movement toward  of the line by moving the drums relative and away from the
suspending means for  each other, usually by relative movement varying the
digging depth of the buckets  in the predetermined direction. While both
during movement of said line-means and  drums can be moved relative to the
hull, it 5     buckets in said one direction; guide means  is  in practice
usually desirable to move 70 



carried by said support supported within  only one drum relative to the
hull. For ex- said loop in engagement with said line-  ample, the driving
drum is movable long- means for movement to different positions  itudinally
of the hull. Since the range or relative  to said support for changing the
amount of the movement of the drums 10 catenary shape of said row and for
varying  relative  to  each  other is extensive  I 75 the excavating depth
of said lower portion  provide a longitudinally extending central with the
buckets of said ascending portion  well in the hull through which the line
de- freely  suspended  from  said  suspending  pends and above and over
which at least means at each of the different digging  one of the drums is
longitudinally movable. 15 depths, and guide moving means operatively
Trained over the driving drum  for ad- 80 connected with said guide means
for mov-  vancement by it and also trained over the ing said guide means to
said different posi-  hull idler drum is the digging line. This is tions.
of flexible material such as a chain, hav- While only two of the numerous
dif-  ing an upper run preferably partially freely 20 ferent possible forms
or particular em-  extending in  the air between  the two 85 bodiments of
the fundamental invention are  drums. The remainder of the line con-
disclosed in detail hereinafter, by under-  stitutes a lower run largely
disposed in the water excavator concept can be considered  water and
depending from two drums ac- generally as including a support, for ex-
ting as catenary curve terminal points at 25 ample, an elongated hull
designed for suf-  about the same elevation. Diggers such as 90 ficient
buoyancy on a water body, such as dragline buckets are connected to the
dig- but not necessarily the ocean.           ging line. The length of the
line is such Suspended from the hull by suitable sus- that the bottom of
the catenary curve is in pending means is a flexible, endless or  or near
the desired digging zone. When the 30 looped line. Under the influence of
gravity  hull idler drum and the driving drum are 95 such  a line, when
supported  at two  moved relatively closer together, the bot separate
points, hangs in a vertical plane  tom of the line having the catenary
curve and partakes of the shape of a catenary  shape is lowered, and when
the hull idler curve. This is true of the line between or  drum  and the
driving drum' are moved 35 away from points of support. At such sup-
relatively farther apart, the bottom of the 100 port points or contact
surfaces the line, in  line having the catenary curve shape is practice,
touches the point or conforms to  raised. This is one way of adjusting the
the surface, in the latter instance usually  digging depth. For a given
length of line departing from a catenary curvature. Such  and hull
location, if the hull drums are far 40 point or contact with a differently
curved  enough apart and the digging depth is rela- 105 support surface and
in fact any point or tively shallow, it is possible to pay out suf- surface
that causes the line to depart from ficient line so that the line curvature
is al- a catenary curve I call a "terminal point"  tered. For example, a
substantially vertical or "line guide" whether it is a stationary or  run
of line may extend from the hull driv- 45 movable mathematical point or the
effec-  ing drum to a subjacent point on the bot- 110 tive portion of a
line contacting surface.   tom. The line from that bottom  point to In a
practical instance, on the water sup-  the surface may describe a new
catenary port or hull I provide a pair of terminal curve between the point
at the bottom and points in the form of rotary line guiding or  the
terminal point on the hull. The line. 50 engaging members such as sheaves,
wheels, configuration may be modified by extensive 115 drums or the like.
These are mounted on  bottom contact. parallel to the length of the hull
and con-    For  great  depths,  catenary  curves veniently along the
center line thereof. The  originating  at terminal points of sub- the hull
for rotation about turning axes  stantially equal elevation require a long
55 normal to the plane of the line and are  line and a long hull. For this
and other 120 themselves largely situated in such plane reasons, I prefer
to provide means afford- At least one of these rotary members is  ing an
additional means in the form  of propelled or rotated by suitable machinery
another terminal point or line guiding unit and is referred to as a driving
drum since  for the catenary curvature of the line and 60 it advances the
line in a predetermined  to dispose this terminal point below the 125
direction usually  a  horizontal direction  hull in the water near the
bottom  or ex- other rotary member may also be driven  cavating zone and
usually in the same but usually is not driven so is.referred to
longitudinal, vertical plane defined by the as a dry hull idler drum
freely hanging line. This additional or third 65   I vary the shape of the
catenary curve  terminal point is in practice, established 130    3
1 382600                                     3 by a wheel, sheave, drum or
the like en-  done in various ways and allowing various 



gaging the line and which may be driven  amount of freedom, but preferably
I but usually is a free running idler. This I  provide for motion about a
common, fore sometimes refer to as a fairlead. As a sup-  and aft, central
axis, so that reasonable 5 port for the additional terminal point or
rocking of the hull can occur without cor- 70 wet idler, I provide means
supporting the  responding rocking of the boom or line. idler for rotation
about an axis normal to  The amount of freedom is set by the de- the
mentioned  vertical plane  and  in  sign and is intended to take care of
the selected locations relative to the hull. This  allowable circumstances.
10 supporting means can take various dif-  The diggers on the line are
preferably in 75 ferent constructional forms, and in the pre-  the form of
dragline buckets secured to the sent instance includes a frame or beam-like
line directly or, as is usually preferred, by member referred to as a boom.
While it flexible; i.e. non-rigid, connecting lines or can be stationary,
the boom is mounted  chains of escpecially chosen lengths so that 15 with
respect to the hull to swing about a  the buckets have some limited freedom
of 80 horizontal, transverse rotary axis usually  movement with respect to
the digging line. substantially coincident with and preferably  There is no
rigid connection between the also travelling fore and aft with the axis
digging structure near the water bottom of one of the hull drums,
preferably the  and the hull, a factor of importance in re- 20 driving
drum. The  boom  position  is  ducing the chances of damage. The weight 85
variable from  a position that is ap-  of the line and of the buckets
attached proximately vertical to a position that is  thereto can be
materially offset by floats approximately    horizontal.   Swinging
attached to and moving with the line and movement about the rotary axis is
con-  serving as local supports. 25 trolled by a tackle effective in
tension to   In another version of the device, there is 90 hold the boom in
a selected, angular or  a double line; i.e. there are two separate polar
position and effective laterally to  loops of digging line of the same
outline or hold the boom  against excess transverse  contour and disposed
in vertical, fore and shifting. The boom is preferably U-shaped  aft planes
parallel to each other. The two 30 to straddle and swing below the hull. It
is  lines are similarly trained over the several 95 conveniently made
hollow and buoyant. By  drums. The double line or two lines are varying
ballast in the boom, the depth of held in transverse relationship  to each
the boom below the hull can be changed  other by cross spacers extending
between to selected levels without the use of the  them. Both lines engage
the same driving 35 tackle. The boom can thus partake of re-  drum or
coupled driving drums so that the 100 traction and extension relative to
the hull.  lines are held in phase or "square" with The lower end of the
boom  extends  each other. In the duplex version also, horizontally between
the boom  legs and  floats may be attached to the double line carries the
additional, wet or boom  idler  or two lines. When spacers are used, the 40
drum in a position engaging the line. When  spacers themselves may be
buoyant to 105 the boom  is approximately vertical, the  serve as floats.
line between the terminal points established    Material removed from the
bottom  by by the hull driving drum and the boom  the buckets is
appropriately handled by idler drum is also approximately vertical
equipment on the hull. This may include 45 The catenary curve from the boom
idler devices for discarding unwanted sizes, for 110 drum to an idler drum
on the hull is about separating values, for recovering values half the
length of a corresponding catenary  mixed in the excavated material, and
like. curve from two points at the elevation of   While the invention
illustrated is for un- the driving drum to the same depth as the  derwater
excavation, and certain features 50 boom idler drum.
are particularly adapted for such use, it is 115 Perhaps more important, a
portion of apparent that whether the succession of the line near the boom
idler drum extends  buckets are suspended from supports on a approximately
horizontally for a distance, hull floating on a body of water or on such
that the diggers will engage (ap- other structure spaced above the bed of
55 proximately horizontal) bottom long enough  material to be excavated,
most of the ad- 120 for filling thereof.                   vantages of the
control system would be In cases wherein the water may be  enjoyed. One
example would be the re- rough, and in any case to allow for side to  moval
of bulk material from the hold of a side rocking of the hull while
permitting  ship or barge, or elsewhere. 60 the boom, the drums and other
line en-   In view of the foregoing summary and to 125 gaging machinery to
be relatively stable  meet the numerous characteristics of dif- close to a
vertical plane, I mount the driv- ferent excavating  operation, it is the
ing drum and the hull idler drum for uni-  primary purpose of the present
invention versal yielding movement relative to the  to provide improvements
in underwater ex- 65 hull in a transverse direction. This can be  cavating
to  operate effectively  without 130  
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4 damage, economically and well, in in- spacer shown to an enlarged scale.
stances where such operation prior to my    Fig. 14 is an end elevation of
the struc- invention, has not been possible, feasible or ture shown in Fig.
13. economical.                               Fig. 15 is a side elevation
to greatly en- 5   The objects and features of the present larged scale of
a drag bucket.        70 invention are attained in the embodiments   Fig.
16 is an end elevation of the drag of the invention described in the accom-
bucket shown in Fig. 15. panying description and illustrated in the
Introductory to the particular descrip- accompanying drawings, in which:
tion, in Fig. A  the bucket line 2 with 10   Fig. A  is a diagrammatic view
illus- which the buckets are flexibly connected, is 75 trating in full and
broken lines a con-  an endless loop trained around a pair of ventional
endless bucket line and it manner  supports 1, 21 fixedly spaced apart
above of operation.                           the bed 7 of material to be
excavated, the Fig. B is  a diagrammatic view  illus- supports being shown
as carried on a hull 15 trating in full and broken lines one feature  11
that, in turn, overlies the bed. To be of 80 of the operation of the
present invention, practical use, the bucket line 2 has had and manner of
operation.               sufficient slack to form a false catenary Fig. C
is a diagrammatic view  illus- terminal at 4 on the bed 7, positioned ap-
trating in full and broken lines different proximately below  one of the
supports, features of the present invention  and  with the line being
driven in the direction 85 method.                                 of the
arrow. Fig. D is a diagrammatic view similar to    With this arrangement
the control of the Fig. C showing a feature of the present in- digging
depth is not possible and the vention.
maxmium digging depth is indicated by the 25  Fig. 1 is a side elevation,
with some por-  broken line position of line 2, which is in 90 tions being
shown diagrammatically and  the form of a true catenary. other portions
being broken away, of an    Fig. B shows the support 21, which will
underwater excavating machine as it ap- be called the driving drum, as
supported pears in its operating relaonshp.for movement toward the support
1, or 30   Fig. 2 is a plan of the structure shown  for movement toward the
support in Fig. 1                                       idler drum, which
is one of the features of 95 the present invention. In this instance, al-
Fig. 3 is a bow elevation of the structure  though the line 2, depending
from the sup- shown in Fig. 1.                         ports 1, 21 were a
true catenary making a Fig. 4 is a stern elevation of the struc-   point
contact with the bottom, the digging 35 ture shown in Fig 1.
depth indicated by the line in the broken 100 Fig. 5 is a cross-section of
the upper  line position would be substantial and the portion of  the
structure shown in Fig. 1. the plane of section  being indicated by the
digging depth can be controlled In the arrangement of Fig. A and B, the
line 5-5 of Fig. 1 certain  parts being omit-            ability to clean a
bottom is not possible 40 ted for clarity.                           By
cleaning the bottom  is meant the 105 Fig. 6 is a cross-section like Fig. 5
but    horizontal movement of the buckets along with the plane of section
indicated by the   a horizontal level at  the desired depth line 6-6 of
Fig. 1, there being similar  omis-  below the top of the bed . sions. 45
Fig. 7 is a side elevation of a modified    Were a line of greater length
provided form  of structure  comparable to  that  than is shown in Fig. B,
there would be no 110 shown in Fig. 1, certain portions being control of
the resistance encountered by broken away and  other portions being
uckets. illustrated diagrammatically.             In Fig. C a substantially
vertical boom 50   Fig 8 is a plan of the structure shown  36 is movable
along the hull with the driv- in Fig. 7.
ing drum and carries a boom idler drum 115 Fig   9 is a bow elevation of
the structure  55 over which line 2 is trained at the lower shown in Fig.
7:                       end of the descending line from drum 21 Fig. 10 is
a stern elevation of the struc-  with the lower portion 6 forming a flat-
55 ture shown in Fig. 7.                   tened catenary adapted to clean
up a bot- Fig. 11 is a cross-section of the upper  tom at any digging level
and this digging 120 portion of part of the structure shown in depth is
controlled by the position of drum Fig. 7, the plane of section being
indicated  21 combined with the position of boom 36. by the line 11-11 of
Fig. 7, certain parts    Boom  36 may be pivoted through the 60 being
omitted for clarity.              different broken line positions 8 for
carry- 



Fig. 12 is a cross-section somewhat like  ing the depending portion of the
loop or 125 Fig. 11 but with the plane of section being  bucket line 2 to
different heights. indicated by the line 12-12 of Fig. 7, there    While
the diagrams show some of the being similar omissions.
principal line positions possible, it should 65  Fig  13 is an elevation of
a buoyant be understood that excavating or drag line    1 382 600
5 buckets 64 as shown in Fig. D, are non-  to hold the framework in those
positions rigidly or flexibly connected at 9 to the  or in any intermediate
position. The hy- line, or lines, so that while they generally  draulic
mechanism, by the usual piping follow the line contour they are
sufficiently  and valving, secures the framework 23 in 5 free, within
limits, to dig at somewhat any selected fore and aft position despite 70
deeper depths and to move with partial in-  substantial loads imposed upon
it dependence, so that the bottom conditions   Designed to cooperate with
the hull is a are not adversely or excessively reflected to  duplex boom
generally designated 36. As the line 3 or to the boom or hull.
particularly shown in Figs. 3 and 4, the 10          Particular Description
boom includes a pair of legs 37 and 38 at 75 Underwater excavation pursuant
to my  their bottom joined by a cross beam 39. invention can be
accomplished on virtually  The boom  is preferably of hollow con- any body
of water and is herein disclosed  struction and by itself is buoyant in the
as it is performed by machines in two  water. The boom is designed to rise
and 15 principal commercial forms. In both forms fall; i.e. retract and
extend, and to swing. 80 the machine floats on a water body 6 dis- The legs
move alongside the cut away posed above a bottom 7 on which material sides
14 and 16 of the hull. The boom is 8 to be excavated is found. As an
example  held or restrained in any of its particular only, the distance
between the level of the  fore and aft or angular positions by ap- 20 water
6 and the bottom 7 is shown as ap- propriate collars 41 and 42 slidable on
the 85 proximately one hundred fifty feet, with  upper portions of the legs
37 and 38. The fifty feet of material available for digging. collars are
connected by cable 43 and 44 However, the machine is capable of taking  to
the  framework  23. Thus, as the materials from an elevation just below the
framework 23 travels forward and aft, the 25 bottom of the hull down to the
bottom 7, collars 41 and 42 are similarly moved and 90 a distance that can
be of the order of six  correspondingly move the boom fore and hundred
feet.                           aft spanning and alongside the hull. At the
Adapted to float in water 6 is a boat or same time, the boom  is also
angularly hull 11 of a buoyant nature and of gener- located or rotated and
restrained by a pair 30 ally standard construction. The  hull is of
laterally spread, tension stern lines 46. 95 positioned or anchored at
selected locations  At one end these are secured to laterally by
appropriate   lines (not shown) in the spaced points at the lower portion
of the customary way. The hull has, as particu- boom 36. At the other,
upper end, the lines 46 arly shown in Fig. 2 a reentrant well 12 in  travel
around a pair of close sheaves 47 on 35 its bow 13 and has cut away sides
14 and  a superstructure 50 and then connect to an 100 16 in the after
portion. Likewise there is a  appropriate winch mechanism, not shown.
reentrant well 17 extending into the hull   The result of this mooring of
the boom from the stern 18.                      is that the boom can be
swung between a Adapted to be supported on the deck 19  substantially
vertically upright, working 40 of the hull is a catenary terminal in the
position, as shown by the full lines in Fig. 105 form of a driving drum 21
of appropriate  1, and an approximately horizontal, cruis- construction
designed to rotate on an axle  ing position, as shown by the dotted lines
22 about a transverse axis and supported  in that figure. The boom swinging
axis is on a suitable framework 23. A motor or exactly or approximately
coincident with 45 engine driving device 24 is connected to  the transverse
cables 43 and 44 and the 110 rotate the driving drum  normally in a  anxle
22. The boom and its swing axis can clockwise direction, as seen in Fig. 1.
Since be bodily moved fore and aft along the it is desired to move the
framework 23  hull  by  correspondingly  moving  the fore and aft into
various locations along  framework 23. The boom can also rise and 50 the
center line of the hull deck 19 and  fall in a vertical direction relative
to the 115 over the well 17, the framework is sup- hull. In fact, by
combining the various ported on anti-friction devices such as slid-
swinging, horizontal and vertical boom mo- ing feet 26 operable in a
longitudinal, cen- tions the operator can move the boom into tral direction
along guides 27 and 28  and can hold it in a wide variety of posi- 55
arranged symmetrically and extending in a  tions with respect to a vertical
plane ex- 120 fore and aft direction on the deck.     tending along the
bow-stern center line of 



In  order  to  move  and  hold  the  the hull. This provides various
digging framework  23,  suitable  means  are  depths and positions as well
as a shallow provided. As an example, a pair of hy- draft position for
transportation. 60 draulic cylinders 29 and 31 are mounted    Since the
boom  is hollow and  is 125 on the deck with their plungers 32 and 33
buoyant, its depth is altered and controlled connected to the framework to
move it be-  by pumping water into it or extracting tween a forward
position, as shown by the  water from it. For that reason, as particu-
solid lines in Fig. 2, and an after position, larly shown in Fig. 2, there
is provided on 65 as shown by the dotted lines in Fig. 2, and  the deck 19
a pump 51 appropriately driven 130    6
1 382 600                                        6 and controlled. The pump
is effective  the idler drum 55 and idler drum 62, if through a cross pipe
52 and flexible hoses  used, or the idler drum  57, the  con- 53 and 54 to
put water into the hollow  figuration of the line 61, where not other- legs
37 and.38 and into the bottom hollow  wise supported, is substantially that
of a 5 beam  39 of the boom. When the boom   catenary curve.
70 weight is thus made greater, the boom    Due to the elevation or level
of the line tends to lower, the legs sliding through the  supports, there
is a nearly flat or horizon- collars and pulling down the stern tension
tal portion of the line leaving the idler lines 46 when they are free. When
the  drum  55. If the line is permitted to run 10 pump is reversed, then
water is taken out along the bottom, it approximates the bot- 75 of the
interior of the hollow boom and is tom  contour, while the subsequent line
wasted overboard until the boom is suf- portion, away from the bottom,
describes a ficiently light to float up to the desired  new  catenary
curve. Between the idler elevation.  The  stern  lines  are  cor-  drum  57
and the driving drum  21 the 15 respondingly taken in. By appropriate mani-
shape of the line is a relatively flat 80 pulation of the driving drum  21,
of the catenary curve except for the line portion hydraulic cylinders 29
and 31, and of the that  is supported. I prefer always to leave pump 51, as
well as the stern lines 46, the  some unsupported line for "spring" effect
boom can be maneuvered into a number of  to cushion shock. loads or
overloads. 20 locations and positions and is well main-    Particularly
pursuant to the invention, 85 tained in chosen positions by tension in the
the line 61 at appropriate intervals thereon stern lines.
has securing means 63. These are generally Mounted to rotate freely at the
lower  enlargements of the line 61 capable of end of the boom  36 is a
flanged boom  passing over the various drums without 25 idler drum 55 or
wet idler drum designed  difficulty. Connected to the lnie 61 and 90 to
turn on a transverse axle 56 about a  particularly  to  the  securing means
63 transverse axis. In a comparable fashion,  thereon are diggers such as
drag buckets there is provided a dry or hull idler drum   64. Each of the
buckets is configured sub-. 57 mounted to rotate on a transverse axle
stantially as shown in Fig. 15 and 16. and 30 58 about a transverse axis.
The axle 58 is  includes a transversely and longitudinally 95 disposed on a
superstructure 59 at the bow  tapered, rectangular body having a gener- of
the hull 11. The construction of the hull ally semi-circular end 66
approximately idler drum 57 is substantially the same as  centered on
connecting lugs 67 and has a that of the boom idler drum 55.
digging lip 68 thereon with bottom  and 35  Trained around  and forming a
loop  side teeth. Ears 69 at the forward end of 100 about the driving drum
21, the boom or the bucket have alternately usable  ap- wet idler drum 55
and the hull or dry idler  ertures 71. The 'closed top of the bucket drum
57 is a line 61 of. a flexible, strong  has a curved surface 72 designed to
fit the material such as cable or chain. This is a  similar,
circular-cylindrical curved surfaces 40 single line which has central
engagement of the drums 21 and 57.                105 with the driving and
idler drums so that   . Each of the buckets 64 is provided with the line is
advanced by the driving drum  bridle chains engaging one or the other
rotation. It is sometimes advisable' to have  lateral, pair of apertures in
the lugs 67 and an auxiliary drum 62 similar to the idler other bridle
chains engaging a selected pair 45 drum 57 at the bow of the hull simply to
of the apertures 71. A forwardly extending 110 maintain an appropriate line
contour.   head line 73 and a stabilizing, rearwardly The configuration of
the line 61 between  extending tail line 74 unite with the re- the driving
drum  21 and the wet idler spective, adjacent securing means 63. drum 55 is
usually an approximately ver-   Some or most of the vertical load is 50
tical straight line, although the line inclines taken from  the line 61 by
floats 75 115 with swinging of the boom '36. It is  fastened to the
securing means 63. These sometimes  the  practice,  primarily  to  floats
are buoyant members connected to 



stabilize against surge, to position the  the line 61 and exert a generally
upward boom 36 and the line 61 somewhat off ver- force particularly
effective in assisting in 55 tical.
overcoming the weight of the line 61 and 120 The carriage for the framework
23  and  its appurtenances. the boom travels fore and aft The upright   The
position of the buckets during their or substantially upright or vertical
position  circuit is typically as shown in Fig.1. As a of the boom and of
the line 61 thus can  bucket 64 approaches the driving drum 21, 60 readily
be maintained. The line is kept in  for example, it is partially oriented
and lif- 125 tension by raising and lowering the boom  ted by a ramp 76 so
that the bucket read- or, alternatively, by moving the framework  ily
rounds the drum and then is located by 23 fore and aft or by moving the
carriage  its own lines 73 and 74 on the downgoing of the framework 23 as
the boom depth- is portion of. the line 61. The bucket con 65 changed or by
swinging the boom. Between  tinues around the boom idler drum 55 and 130
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7 advances in an excavating attitude. As the  run of the line 61 and again
encounter the bucket encounters the bottom, the bucket ramp 76 to travel
again in the same loop. weight is largely removed from the line 61,
During operation, the water surface 6 so that irregularities in the bottom
can be  may be rough. For that reason, particular 5 followed and excavated
by the bucket means are provided for mounting some of 70 without disturbing
the line 61 to an ap-  the equipment so that rocking of the hull, preciable
or disadvantageous extent. That within limits, is not harmful. As particu-
is, the buckets as they are advanced by the  larly shown in Fig. 5, the
carriage frame 23 line 61 are nevertheless relatively free to  for the
driving drum 21 is mounted on a 10 move limited vertical and lateral
distances  cradle 86 having a horizontal, fore and aft 75 with respect to
the line 61. Forces due to  or longitudinal pivot axle 87 connecting the
bottom  irregularities thus are not detri-  framework 23 to the sliding
foot frame 26. mentally transmitted to the idler drum  With this mechanism
the hull can rock be- 55 nor to the boom nor to the hull. Also, tween the
solid line position shown in Fig. 15 motion of the line 61 due to hull
heaving  5 and the broken position shown therein 80 is not directly
transmitted to and does not without in any wise disturbing the set posi-
disturb the bucket path of excavation.  tion of the frame 23. In a somewhat
As the bucket travels along substantially  similar fashion, as shown in
Fig. 6, the horizontally, to the left in Fig. 1, its lip 68  superstructure
29  with - its  attendant 20 engages with the material 8 and strips off
mechanisms is similarly provided with a 85 a  portion  of such  material.
Whatever  base 88 journalled on a fore and aft or values are included with
the removed  longitudinal horizontal axle 89 in turn material are likewise
loaded  into  the  mounted on a base frame 91 connected to bucket. The load
is brought upwardly out the hull, so that the hull can rock or tilt as 25
of the water around the auxiliary drum 62  shown by the full line and
broken line 90 (if used), and around the idler drum 57. At positions
without disturbing  the  super- this juncture the rounding bucket is dum-
structure and mechanisms attached to it. ped onto a grizzly 77. The dumping
impact   In another embodiment of the invention, of the bucket is
controlled by the rate of  as particularly shown in Fig. 7 and there- 30
bucket inversion and changing slack in the  after, the general arrangement
is as pre- 95 bucket chains. This is affected by the size  viously
described except that the various of the drum  which affords a longer or
driving and idler drums carry, as shown in shorter drop of the bucket, due
to chain  Figs. 8 to 10, a pair of lines 101 and 102. slack, as it passes
over the drum to vary  Since they engage the same driving drum, 35 the
unloading impact of the bucket above  the two lines are synchronized. These
are 100 the grizzly. The drum size is varied by lag-  parallel to each
other so far as their loop- ging or padding around the drum  to  ing
characteristics are concerned and are change its radius and so change the
al-  evenly spaced apart by a number of fixing lowable chain slack and
correspondingly  means 103 or spacers all of the same 40 the dumping
impact.                     length. These spacers are formed  ap- 105 As
the bucket is dumped, the finer  proximately as shown in Fig. 13 so as to
material passes through the grizzily. The  be non-fouling and include end
fasteners coarser material, particularly as shown in  104 and 106 engaged
with the lines 101 Fig. 3, is diverted onto a divider 78 leading  and  102.
The spacers have hollow  in- 45 to a conveyor 79 from which the coarse
termediate portions 107 so that the spacers 110 material can go overboard
or into a tail are  highly  buoyant. The  spacers  are sluice or barge on
one beam and to an al-  mounted between the lines 101 and 102 to ternately
usable conveyor 81 leading over-  pass readily around the various driving
and 



board or into a sluice box or barge on the  idler drums. 50 other beam.
Large material having or   In this instance each of the dragline 115
carrying no values is thus immediately dis-  buckets 64 instead of having a
forward charded in either chosen direction. Material  bridle to a head line
and instead of having passing through the grizzly 77 travels into  a
rearward bridle to a stabilizing line rather a trommel 82 of the usual sort
with ap-  has four separate lines, as shown in Fig. 8. 55 propriate washing
facilities, if needed. Waste  There are two tension or drag bow lines 120
material is transferred lengthwise through  108 and 109 as well as two
stabilizing or the trommel for discard, whereas the re-  carrier stern
lines 111 and 112. Each of maining material passes through the trom-  these
lines extends from one of the fasten- mel openings into a pump and pipe
circuit ings 67 or 71 to the respective end of the 60 83 leading to sluice
boxes, rotary jigs 84 or  nearest stabilizer spacers 103. The length 125
similar value recovering mechanism. The  of these various lines is such
that the drag- residue may flow through sluice boxes to a line bucket 64,
although freely and easily waste pump or tailing sluices. The drag
suspended, can rotate about its own longi- buckets after they are
discharged onto the  tudinal axis and about its own transverse 65 grizzly
77 continue to advance in the upper  axis only a limited amount and cannot
be 130    8                                     1 382 600 tripped, tangled
or inverted. It is thus determined path from said one of said sup- always
maintained with its cutting edge 68  porting means with the ascending
portion in position to move against the material to  freely suspended from
the other supporting be excavated.                          means, it being
understood that the drum 5  The operation of this form of the struc-  62,
if and when used, is merely a supple- 70 ture is substantially the same as
previously  mental guide which does not support the described since the
various devices, except loop. primarily for the double lines, are un-
Means above the lower portion supports changed. An advantage of having the
the guide means for movement to different 10 buoyant spacers 103 is that
they support positions within said plane for varying the 75 the weight of
the line and the buckets to  path of travel of said descending portion, the
extent desired, thus relieving strain and  and actuating means is provided
for effect- weight on the line and on the driving and  ing movement of the
guide means to said supporting drums. They permit extension  different
positions, and one of the support- 15 of the line and changes in the line
loop  ing means is movable toward the other for 80 shape without material
change in the drum  varying the downward length of the sus- loadings. As
the line or lines, including the  pended portion of the loop and the
digging buckets, -the floats and accessories, is or  depth of the buckets
along the lower por- are in balance, the principal load imposed  tion, as
seen in Figs. B through D. 20 on the driving means is only the inevitable
The means for flexibly connecting the 85 friction together with the digging
and hoist- buckets of the succession  permit free ing load of the excavated
material. The  movement of the buckets of adjacent pairs amount of float
buoyancy can, of course, vertically along the lower portion of the be
changed, so that as much as desired of loop independently of the guide
means 25 the line load can-be offset            when  in digging engagement
with the 90 In both embodiments of the invention  material to be excavated,
thus preventing there is provided an underwater excavating  strain or
injury to the buckets should the machine effective under almost all con-
guide means unexpectedly downwardly or ditions to excavate and remove
material should the buckets move upwardly  on 30 from substantial depths
without injury to  meeting obstacles in the material.  95 the machinery and
with economical and    Where the succession of buckets and its satisfactory
operation. The arrangement supports and the guide means are on a achieves
multidirectional yielding contact floating hull, they will remain
substantially with the bottom material so that within the  in a vertical
plane upon surging or rolling 35 intended  range  of use  (holding  and  of
the hull under the influence of natural 100 movement) the forces developed
by the  forces, such as waves, wind, etc. or other mass of the floating
system are not de- forces such as unbalancing of the hull. leteriously
imposed on any part. Con-  In operation, the foregoing structure en-
versely, the forces developed by the buck-  ables performance of the steps,
in a 40 ets during excavation are not deleteriously  method, of suspending
in a substantially 105 impressed upon the remainder of the struc- vertical
plane from  a pair of generally ture. This assists the arrangement in ex-
horizontally spaced points of suspension, an cavating well under the design
conditions  endless succession of excavating buckets in and at great depths
not otherwise possible.  the form of a loop with the points of sus- 



45   From the foregoing it is seen that the  pension within the upper
portion of the 110 endless succession of flexibly connected ex- loop and
with the remainder of the loop cavating buckets 64 forms an endless loop
below said points tending to hang freely that is supported in a vertical
plane from a  along a catenary curve. pair of rotatable supporting means
which    When the succession is circulated in one 50 are within the loop at
its upper end. The  direction a descending portion of the loop 115 length
of the loop suspended below the  extends from  one of said points to the
drums tends to hang freely along a caten- lower portion of the loop, and an
ascend- ary curve, as seen in Figs. A to D in ing portion extends from said
lower portion clusive. This succession of buckets is cir- to the other
point of suspension, with the 55 culated in one direction providing a de
buckets at the lower portion in digging en- 120 scending  portion
extending  downwardly  gagement with the material of the bed. from one of
said supporting means, a bot-   The step of increasing the digging depth
tom portion, the buckets of which are in  of the buckets along the lower
portion may digging and filling engagement with the bed  be affected by
simultaneously increasing 60 of material to be excavated, and an as- the
length of the loop suspended below 125 cending portion that extends from
the  said suspension points and decreasing the lower portion to the other
of said support- length of the loop above and extending be- ing means.
Guide means, within the loop  tween the points of suspension. One way at
the lower end of- the descending portion  this step in turn, may be
accomplished is 65 guides the descending portion along a pre- by moving one
of said points of suspension 130    9                                     1
382 600                                      9 different distances toward
the other, as  points to said lower portion at a holding seen in Figs. B
through D.              point within said loop spaced below said The
apparatus as described also enables  one of said points and supporting a
length the step of yieldably holding the de- of said lower portion adjacent
said holding 5 scending portion in a path extending ver-  point generally
horizontally during said 70 tically downwardly at a holding point lowering
of said lower position to said dif- within the loop spaced below one of the
ferent distances downwardly. points of suspension, and supporting a    4.
The method as defined in claim 3. length of the lower portion adjacent the
including the step of elevating said re- 10 holding point generally
horizontally during  mainder of said loop to different distances 75
lowering of said lower portion to different in said plane while maintaining
said hol- distances.                              ding point in engagement
with said loop by The  apparatus  further  enables  the  moving said
holding point in a direction method step of elevating the remainder of
upwardly and away from  said ascending 15 the loop, which is the portion
suspended  portion.                             80 from said suspension
points, by moving the    5. The method as defined in claim 1, 2. holding
point upwardly and away from the  3 or 4. including yieldably supporting
each ascending portion as seen in Fig. C.    of the buckets of said
succession for The method practiced in underwater ex-  movement
independently of the others rela- 20 cavating is one in which the buckets
and  tive to the length of said lower portion 85 appurtenances in the water
are buoyed  under the influence of variations in the re- both decreasing
the normal gravitational sistance of said bed during digging. strain on the
succession and the force re-   6. The method as defined in claim 1 or
quired for circulation of the succession.  2, including the step of
yieldably holding 25  WHAT I CLAIM IS:-                      said
descending portion of said succession 90 1. A  method of excavating
material in a path extending generally vertically from a bed thereof that
includes the steps  downwardly from one of said suspension of: suspending
in a substantially vertical points to the lower portion at a holding plane
from a pair of generally horizontally  point within said loop spaced below
said 30 spaced points of suspension spaced above  one of said points; and
moving said hol- 95 said bed, an endless succession of ex-  ding point
downwardly to said different cavating buckets in the form of a loop
distances simultaneously with lowering of with said points within the upper
portion  said lower portion by application of pro- of said loop and with
the remainder below  gressively increasing downward force to 35 said points
tending to hang freely along a  said holding point and yieldably holding
100 catenary curve; moving said succession to  said holding point at each
of said different circulate the same in one direction provid-  distances.
ing a descending portion of said loop from    7. The method as defined in
any of the one of said points to a lower portion at the  preceding claims,
including floating a hull in 40 bottom of said loop and an ascending por-
a body of water above said bed, and pen- 105 



tion from said lower portion to the other  dulously supporting said points
of suspen- point of suspension with the buckets at sion on said hull
whereby said loop and said lower portion in digging engagement points of
suspension  will remain  sub- with the material of said bed during said
stantially stable in said plane relative to 45 movement;  progressively
lowering said  movement of said hull from wave force 110 lower portion
relative to said points of sus- and other natural forces. pension to lower
the digging depth of the    8. The method as defined in claim 7, buckets of
said lower portion different dis-  including buoying the succession of
buckets tances downwardly by simultaneously in-  submerged within said body
against the 50 creasing the length of the loop suspended  force of gravity
thereby decreasing the nor- 115 below said points and decreasing the length
mal gravitational strain on said submerged of the loop above said remainder
and ex- buckets and the normal force requirement tending between said
points, during said  for circulation thereof. circulation of the buckets of
said succes-   9. An excavating machine comprising: 55 sion.
a support adapted to be supported in a 120 2. The method as defined in
claim 1, position spaced above the material to be wherein said lengths are
increased and de-  excavated; an endless row of spaced ex- creased by
moving one of said points of  cavating buckets, each having a digging
suspension  different distances from  the  end, connected for movement
longitudinally 60 other.                                  of said row with
said digging ends facing 125 3. The method as defined in claim 1 or  in one
direction; suspending means on said 2, including the step of yieldably
holding  support for suspending said row in a loop said descending portion
of said succession in  of generay  catenary  shape  depending a path
extending generally vertically down- below aid support providing a
horizontally 65 wardly from said one of said suspension  extending upper
portion at said support 130    9                                    1 382
600                                     9 different distances toward the
other, as  points to said lower portion at a holding seen in Figs. B
through D.             point within said loop spaced below said The
apparatus as described also enables  one of said points and supporting a
length the  step of yieldably holding the de-  of said lower portion
adjacent said holding 5 scending portion in a path extending ver-  point
generally horizontally during said tically downwardly  at a holding point
lowering of said lower position to said dif- within the loop spaced below
one of the  ferent distances downwardly. points of suspension and
supporting a    4. The method as defined in claim 3, length of the lower
portion adjacent the  including the step of elevating said re- 10 holding
point generally horizontally during  mainder of said loop to different
distances 75 lowering of said lower portion to different in said plane
while maintaining said hol- distances.                            ding
point in engagement with said loop by distances.             moving said
holding point in a direction method step of elevating the remainder of
upwardly and away from  said ascending 15 the loop, which. is the portion
suspended  portion. from said suspension points by moving the    5. The
method as defined in claim 1,2. holding point upwardly and away from the  3
or 4, including yieldably supporting each ascending portion as seen in Fig.
C.    of the buckets of said succession for The method practiced in
underwater ex-  movement independently of the others rela- 20  cavating  is
one in which  the buckets and  tive to the length of said lower portion
appurtenances in the water are buoyed  under the influence of variations in
the re- both decreasing the normal gravitational sistance of said bed
during 'digging. strain on the succession and the force re-   6. The method
as defined in claim 1 or quired for circulation of the succession.  2,
including the step of yieldably holding 90 25  WHAT I CLAIM IS:-
said descending portion of said succession 1. A  method of excavating
material in a path extending generally vertically from a bed thereof that
includes the steps  downwardly from  one of said suspension of: suspending
in a substantially vertical points to the lower portion at a holding plane
from a pair of generally horizontally  point within said loop spaced below
said 30 spaced points  of suspension spaced above  one of said points;  and
moving said hol- 95 said bed, an endless succession of ex-  ding point
downwardly to said different cavating buckets in the form  of a loop
distances simultaneously with lowering of with said points within the upper
portion  said lower portion by application of pro- of said loop and with
the remainder below  gressively increasing downward force to 35 said points
tending to hang freely along a  said holding point and yeldably  holding
100 catenary curve; moving said succession to  said holding point at each
of aid different 



circulate the same in one direction provid-  distances. ing a descending
portion of said loop from    7. The method as defined in any of the one. of
said points to a lower portion at the  preceding claims, including floating
a hull in 40 bottom of said loop and an ascending por-  a body of water
above said bed, and pen- tion from said lower portion to the other
dulously supporting said points of suspen- point of suspension with the
buckets at  sion on said hull whereby said loop and said lower portion in
digging engagement points of suspension will remain  sub- with the material
of said bed during said  stantially stable in said plane relative to 45
movement;   progressively  lowering said  movement of said hull from wave
force 110 lower portion relative to said points of sus- and other natural
forces. pension to lower the digging depth of the    8. The method as
defined in claim 7, buckets of said lower portion different dis-  including
buoying the succession of buckets tances downwardly by simultaneously in-
submerged within said body against the 50 creasing the length of the loop
suspended force of gravity thereby decreasing the nor- 115 below said
points and decreasing the length  mal gravitational strain on said
submerged of the loop above said remainder and ex- buckets and the normal
force requirement tending between said points, during said  for circulation
thereof. circulation of the buckets of said succes-   9.  An excavating
machine comprising 20 55 sion.                                   a support
adapted to. be supported in a 1 2. The method as defined in claim  1.
position spaced above the material to be wherein said lengths are increased
and de-  excavated; an endless row of spaced ex- creased by moving one of
said points of  cavating buckets, each having a dig suspension  different
distances from  the  end, connected for movement longitudinally 60 other.
'              of said row with said digging ends facing 125 3. The method
as defined in claim 1 or  in one directiom: suspending means on said 2,
including the step  of yieldably holding  'support for suspending said row
in a loop said descending portion of said succession in  of generally
catenary  shape  depending a path extending generally vertically down-
below said support providing a horizontally 65 wardly from said one of said
suspension  extending upper portion at said support 130    10
1 382 600                                      10 and a descending and
ascending portion re-  from  the latter to said holding member spectively
extending downwardly from the  supporting  said  holding  member  for ends
of said horizontally extending portion  movement toward and away from said
hull to a lower digging portion for digging en- and for holding said
descending portion 5 gagement with the material to  be ex-  approximately
vertical   during   said 70 cavated when the buckets of said row are
movement of said row of buckets. moved in said one direction;  line-means
15. An excavating machine as defined connecting said buckets for
simultaneous  in clai  14, including means supporting movement in said one
direction and driving  said boom for pendulous movement rela- 10 means on
said support in driving en- tive to said hull for holding said de- 75
gagement with said line means for effecting  scending and ascending
portions in ap- said movement; supporting means support-  proximately a
vertical plane during rocking ing one of said suspending means on said  of
said hull. support for horizontal movement toward   16. An excavating
macine as defined 15 and away from the suspending means for  in claim  14,
including  means for supporting 80 varying the digging depth of the buckets
the lower end of said boom and the hol- during movement of said line-means
and  ding  member thereon  for  yieldable buckets in said one direction;
guide means  movement toward and away from said hull carried by said
support supported within   upon vertical movement of  said hull rela- 20
said' loop in  engagement with said line-  tive to said material due to
surging of the 85 means for movement to different positions  body of water
supporting said hull and re- relative to said support for changing the
sultant vertical movement of said hull, catenary shape of said row and for
varying    when said boom  is in a position with the the excavating depth
of said lower portion  buckets of said lower portion in digging en- 25 with
the buckets of said ascending portion    gement with said material.
90 freely  suspended  from  said  suspending    17. An  excavating machine
as defined means at each of the different digging  in claim--14, wherin
said holding member depths, and guide moving meaans oper-  i on the lower
end of the said boom, and atively connected with said guide means  means
supporting said boom  on said hull 30 for moving said guide means to said
dif- for movement of its lower end toward and 95 ferent positions.
away from said hull for so moving said 10. An excavating machine as defined
holding member toward and away from 



in claim 9, including flexible connecting  said hull, said boom being
buoyant to re- means connecting each of said buckets  duce the power
required to move said 35  with said line-means for freely suspending  lower
end of said boom toward said hull. ' 100 said buckets from  said line-means
along   18. A  excavating machine -as defined said' descending and
ascending portions and  in any of preceding claims '12 to 17, in- for
holding said  buckets against over-  cluding buoyant members secured to
said turning with their digging ends facing in  line means at spaced
intervals movable 40 said one direction during  movement of the  with said
line-means during an excavating 105 buckets of said row in said on
direction.  operation to reduce the load on said line 11. An excavating
machine as defined means during movement of the buckets in claim 9 or 10,
wherein said guide means  along said ascending portion. includes a
suspension' member within said   19. An excavating machine as defined 45
loop at one of the ends of the horizontally  in claim 14, 15, 16 or 17,
including  means 110' extending portion thereof, and also includes
interconnecting said hull and boom  for a holding member within said  loop
in en-  positioning said boom in various positions gagement with said
line-means at the lower  relative - to  said hull including a  sub- portion
of said loop for holding the de-  statially vertical position extending
bene- 50 scending portion of the 'loop approximately  ath said hull; said
guide means includig a 115 vertical during said movement of said row boom
idler drum on said boom adjacent of excavating buckets at  each  excavating
the end thereof remote from said hull and depth of the buckets of said
lower portion.   an idler drum on said support at one end 12. An excavating
machine as defined  of said horizontally extending portion and 55 in claim
9, 10 or 11, wherein said support  said ' driving means including  a power
120 is a hull adapted to be floatingly supported  driven drum  at the other
end of said spaced above the material to be excavated.    horizontally
extending position. 13.  An excavating machine as defined   20. An
excavating machine as defined in claim  12. including mounting means for
in claim  19, wherein said interconnecting 60 mounting  said suspending
means for uni- means  include tackle interconnecting said 125 versal
yielding  movement relative to said  hull and said boom  adjacent iaid
bboin idler hull.                drum for imposing forces on said lower end
14.  An excavating machine  as defined   of said boom  for movement of said
boom in claim 12 or 13 including a boom sup-  to -a generally horizontally
disposed posi- 65 ported on said hull extending downwardly  tion, and means
supporting said boom for 130    11                           1 382 600
11 movement to said last mentioned position.  cavating operation.
15 21. An excavating machine as defined    22. A  niethod of excavating
material in any of preceding claims 9 to 20, wherein  from a bed thereof
substantially as herein said suspending means includes drums sup-
described with reference to the accom- 5 ported for rotation about axes
respectively  panying drawings. positioned  adjacent each of the opposite
23. An excavating machine constructed 20 ends having horizontally extending
portion substantially as herein described with refer- ence to the
accompanying drawings. axial with their said axes, and said buckets
LANGNER PARRY, 10 each  having  a  concave  contour sub-
Chartered Patent Agnts stantially conforming to  the contour of
Chichester House, each of said drums or receiving therein          278-282,
High Holborn, the convex contour of each drum as the               London,
W.C.1. buckets move past said drums in an ex-          Agents for the
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