
May 20, 1941. O. GRUNDBORG 2,242,520 
HYDRAULIC MINING APPARATUS 

Filed Sept. 9, 1937 8 Sheets-Sheet l 

NVENOr // Olaf 2.2eory 

  



May 20, 1941. O. GRUNDBORG 2,242,520 
HYDRAULIC MINING APPARATUS 

Filed Sept. 9, 1937 8 Sheets-Sheet 2 

INVENTOR 
(2/o/ (7tunaboy 

BY 

l, C-1, + ha 
AORNeYS 

  



May 20, 1941. O. GRUNDBORG 2,242,520 
HYDRAULIC MINING APPARATUS 

Filed Saot. 9, 1937 8 Sheets-Sheet 3 

NNNNS 

Z 
22 22 E 

&ziz Ef I 

Z72 auer 422 (2 

Sy NVENOR 

s E. L. Olof (7zunaboy 
Z29 x52NExz2"Saar BY % l, d.14 - k-8. 

v ATTORNEYS 

  

  

  

    

    

  

  

  

  

  

    

  

    

  

  



May 20, 1941. O. GRUNDBORG 2,242,520 
HYDRAULIC MINING APPARATUS 

Filled Sept. 9, 1937 8 Sheets-Sheet 4 

R 

9.SSE3 3S. S A.RE-88 S2 N NH- N2 N. S. 

GN T 
SRsrits 2 

2 

%NN 5 

2. SN 

S 

s 

NVENTOR 

Oda/ (Zvonado 
Y 

4-, d-g, k 
AORNEY 

  

    

    

  

  

  

  

  

  

  

  

  

  

    

    

  

  

  

  

  

  

  

  

  

  

  

    

  



May 20, 1941. O. GRUNDBORG 2,242,520 
HYDRAULIC MINING APPARATUS 

Filed Sept. 9, 1937 8 Sheets-Sheet 5 

NVENTOR 

Olaf 6tunaboy 
BY 

l, 14, -k- ATToRNEYs 

  



O. GRUNDBORG 2,242,520 
HYDRAULIC MINING APPARATUS 

May 20, 1941. 

8 Sheets-Sheet 6 Filed Sept. 9, 1937 

|| ==± SSS 
SNS 

NVENTOR 

(2af Grundborg 
te, d-a-ki 

AORNEYs 

  

  

  

  

  

  



May 20, 1941. O. GRUNDBORG 2,242,520 
HYDRAULIC MINING APPARATUS 

Filled Sept. 9, 1937 8 Sheets-Sheet 7 

mour C3NE 

se t issue 

N Sinfin? 2d S2ZSSSSSSSS 22 2 KNS 

sesses 5 23RS7 NSNSN 2 SN2 24% 
St Sassassic CRC N3 

SN 2ZZ22222 SS 

NVENTOR 
Olaf Grundborg 
E, +k- 

ATTcRNEYs 

  

  

    

  

      

  

  

  

  

    

  

  



May 20, 1941. o. GRUNDBORG 2,242,520 
HYDRAUC MINING APPARATUS 

Filed Sept. 9, 1937 8 Sheets-Sheet 8 

AIIEIAE2332:3: AIIEHEMEISISISISIE1. 2%"E"Emuay-zaa i l----- 

-----I. 

2. % % 

INVENTOR 
(2af (7tunizag 

BY 

li?t th 

  

  

  

  

  

  



Patented May 20, 1941 

UNITED 

2,242,520 

STATES PATENT OFFICE 
2,242,520 

HYDRAULC MINING APPARATUS 

Olaf Grundborg, Fairhaven, N. J. 
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This invention relates to improvements in 
hydraulic mining dredges and apparatus therefor. 
A primary object of the invention is to pro 

wide such apparatus which is especially Suited 
to the mining and reduction to a silt-like Con 
sistency of submerged gold bearing deposits of 
clay and the like, which, owing to the mutually 
adherent and agglomerative tendencies of the 
particles comprising the same, cannot by known 
methods be mined efficiently and effectively and 
reduced to the silt-like consistency required for 
recovery of the gold. 
This object is accomplished in accordance with 

the invention by employment of a dredge having 
a pivotally elevatable suction pipe projecting 
therefrom and terminating in a power driven 
rotary excavator of Special construction such that 
it functions to excavate the clay-like earth in 
the form of thin shavings which are immediately 
broken up, in passing over the excavator cutter 
blades, into particles of such fineness that they 
are easily reduced to a fine silt due to the 
churning action to which they are Subjected in 
transit along with large quantities of Water 
through the Suction pipe, etc. to the gold ex 
tracting apparatus. 
The relatively soft clay-like deposits referred 

to usually occur as surface layers which are 
backed by much harder, denser and richer gold 
bearing beds, requiring an excavator of more 
rugged and different construction and operation 
from that which is best adapted to disintegration 
of the clay-like Surface layer. 
further object of the invention is to provide a 
power driven rotary excavator of novel con 
struction for the mining of such denser deposits, 
Such excavator being capable of moving and 
casting aside rocks of sizes larger than those 
which may safely be passed through the Suction 
pump. 
Another object of the invention is to provide a 

mechanism for so operating the excavator, par 
ticularly the type last referred to, that the axis 
of the excavator will automatically be main 
tained substantially horizontal as the Suction 
pipe is elevated and depressed, this being the 
position in which the latter type of excavator 
operates most effectively on such deposits. 
A still further object of the invention resides 

in the provision of novel means for So maneuver 
ing the dredge that excavation may be carried 
on With little or no interruption. This consists 
of a series of cables extending from power driven 
drums on the dredge to appropriate mooringS 
whereby the dredge may be advanced, retarded or 
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laterally displaced or may be pivoted about its 
Stern for swinging the bow back and forth and 
With it the Suction pipe projecting from the bow, 
So that the excavator may be swung back and 
forth continuously across an area to be mined. 
To permit of elevating and depressing the suc 

tion pipe and also of pivoting the dredge about 
its stern, certain joints in the pipe line conveying 
the excavated material from the excavator to 
the recovery equipment must be articulated in 
Such manner as to provide substantially water 
and-air-tight SWivel joints between pipe sections. 
A further object of the invention is to provide 
novel arrangements for effecting such junctions. 
These and other objects of the invention Will 

be explained more in detail hereinafter With 
reference to the accompanying drawings, 
Wherein: 

Fig. 1 shows Schematically a plan view, and 
Fig. 2 a side elevation of a dredge in accordance 
With the invention, these figures also depicting in 
dashed lines various positions which may be as 
Sumed by the dredge and the elevatable suction 
pipe during excavation. 

Fig. 3 is a schematic plan view of the dredge 
primarily illustrative of the arrangements of the 
mooring cables above referred to, employed for 
maneuvering the dredge. 

Fig. 4 is an enlarged partial section at 4-4 
of Fig. 2 showing the details of the water-and 
air-tight articulated joint between the elevatable 
Suction pipe and a stationary pipe section. This 
view also includes some of the details of the 
power drive for the rotary excavator. 

Fig. 5 shows in side elevation on an enlarged 
Scale, a strut and collar arrangement for rotatably 
Supporting the articulated pipe and power drive 
junction shown in detail in Fig. 4. Fig. 5 also 
shows a portion of the mechanism for maintain 
ing the axis of the rotary excavator substantially 
horizontal when required. 

Fig. 6 is an enlarged fragmentary section at 
6-6 of Fig. 1 showing the details of a Water 
tight anti-friction bearing for the excavator drive 
shaft. 

Fig. 7 is an enlarged fragmentary section at 
- of Fig. 2 showing the manner in which the 
excavator is journaled to the suction pipe ter 
minus, and also the gearing whereby the exca 
vator is rotated by the power drive shaft; while 
Fig. 8 is a section at 8-8 of Fig. 7 showing the 
arrangement of the excavator in rear elevation 
and the gearing arrangement in sectional ele 
Vation. 

Figs. 9, 10 and 11 are respectively a side elee 



2 
vation, a front end elevation and a section at 
- of Fig. 9, of the excavator in accordance 

With the invention for excavating the Soft clay 
like Surface layer. 

Fig. 12 is an enlarged partial sectional eleva 
tion at 2-2 of Fig. 1 showing the manner in 
Which the outlet pipe from the Suction pipe 
mechanism is articulated about a vertical axis 
at the stern of the dredge to permit of pivot 
ing the same about the Stern. - 

Fig. 13 is likewise a partial side-section at 
2-2 of Fig. 1 showing a sheave arrangement 
for passing one of the mooring lines of the dredge 
from a power driven drum to a mooring of the 
bow; this sheave arrangement being also shown 
in front elevation in Fig. 14 comprising a Section 
at 4- 4 of Fig. 2. 

Figs. 15, 16, 17 and 18 are respectively a plan 
view, a longitudinal transverse section, a lon 
gitudinal vertical section, and a side elevation 
of a portion of the mechanism for maintaining 
the axis of the rotary excavator Substantially 
horizontal as the suction pipe is raised or lowered. 

Figs. 19, 20 and 21 show the construction of 
the rotary excavator in accordance with the in 
vention required for excavating the harder and 
more impervious gold bearing stratum referred 
to which lies beneath the Softer layer of Surface 
clay; Fig. 19 being a side elevation of the same, 
Fig. 20 a front end elevation and Fig. 21 a trans 
verse longitudinal section. 

Referring to the drawings the dredge comprises 
a barge i, on which are mounted a prime mover 
2, such as a Diesel engine, having a drive shaft 3, 
driving through belts 4, 5, 6, an electric generator 
T for supplying light, etc., a centrifugal Suction 
pump 8, and a sealing water pump 9. The intake 
of the suction pump 8 is coupled through a Water 
tight swivel joint O to a pipe elbow connected 
to a suction pipe 2 projecting through a slotted 
opening or well 3 in the bow of the barge 
whereby the suction pipe may be elevated and 
depressed about the horizontal axis of the swivel 
joint ), and thus may assume positions Such as 
4, 5, 6, 7, Fig. 2. A rotary excavator 8 is . 
journaled to the projecting end of the suction 
pipe, and is rotated by a power driven shaft 9, 
paralleling the suction pipe, as will be explained 
more in detail hereinafter. 
The outlet of pump 8 comprises a pipe line 2 : 

extending upward from the pump, thence hori 
Zontally to the stern of the barge, and thence 
downwardly to a water tight swivel junction at 
2 with a pipe elbow 22 joined to a flexible outlet 
pipe line 23 of rubber hose or the like, extending 5: 
to the gold extracting equipment located on the 
shore, or to a floating recovery and tailing dis 
posal unit. By virtue of this arrangement the 
barge may be pivoted about a stern post 24, 
coaxial With the vertical axis of the pipe SWive 
joint 2, whereby the barge may be pivoted about 
its stern to positions such as 25, 26, 27, Fig. 1. 

For maneuvering the barge to positions such 
as 25, 26, 27 as well as for advancing, backing 
or laterally displacing the same, a Series of cables 
28 to 32 inc. are provided extending from power 
driven drums 33 to 37 inc. respectively to moor 
ings 38 to 42 inc., Fig. 3, respectively. Cables 
28, 29 pass about opposite sides of a sheave 43, 
Figs. 2 and 12, journaled to the stern post 24 of 
the barge whereby the barge may be pivoted 
about the same. Also by taking up on one of 
the drums 33, 34 and slacking off on the other 
the barge may be displaced laterally in either 
direction, Cables 30, 3 pass over pulleys 44, 45, 
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2,242,520 
46 and 47, 48 to the moorings 40, 4f off the port 
and starboard bows, whereby upon taking up on 
one of the drums 35, 35 and slacking off on the 
other the barge may be swiveled to port or star 
board about its stern post 24. Cable 32 compris 
ing a headline passes over pulleys 49 to 52, Figs. 
2 and 13, to a mooring 42 off the bow, whereby 
upon taking up or Slacking off on drum 3 the 
barge may be advanced or backed up, this move 
ment entailing also a slacking off or taking up 
on drums 33, 34 controlling cables 28, 29. It will 
be observed that the headline pulleys 50 to 52 
are substantially vertically in line with the stern 
post 24, and that after passing over these pulleys 
the headline entirely clears the roof of the dredge 
So as not to interfere with the pivoting of the 
dredge about its Stern post as above described. 
Thus the barge may be maneuvered as desired 
in the Inanner explained. 

For elevating or lowering the suction pipe 2 
about its swivel joint f, to positions such as 4 
to 7 inc., a cable 53 passes from a power driven 
drum 54 over pulleys 55, 56, and sheaves 57, 
58, 59. 
The cable drums 33 to 3 inc. and the rotary 

excavator 8 are driven from a shaft 60 which 
in turn is chain driven at 6 through a clutch 
62 from shaft 3 of the Diesel engine. A shaft 
63 is in turn chain driven at 64 from shaft 6), 
and in turn drives through a variable speed gear 
65 and a chain drive at 66, a shaft 67, Figs. 1 and 
4, Which in turn drives through bevel gears 68, 
Fig. 4, the drive shaft 9 extending to the rotary 
excavator 8. 
Shaft 63 also drives through bevel gears 69 

a shaft 70 which drives drums 35, 36 through 
a reversing gear 7, manipulated by a gear shift 
lever 72 having a neutral position for disengag 
ing the gears, a variable gear 73, and a worm 
gear 14. Drums 35, 35 are coupled through a 
clutch 5 whereby they may be simultaneously 
or independently driven. Shaft iO also applies 
chain drives as shown to shafts 6 and 77 geared 
through the reversing gears and Worm gears 
shown to drums 33, 54 and 34, 37. Drums 35, 36 
containing the port and starboard mooring 
cables 30, 3 are ordinarily driven simultaneously 
through engagement of clutch 75, so that by ex 
tending cables 39, 3 oppositely about their re 
spective drums, the simultaneous rotation of 
these drums in either direction Will slack off on 
one cable to the same extent that it takes up on 
the other. 

Referring more particularly to Figs. 7 to 11 
inc., the rotary excavator applicable to the dis 
integration of the relatively soft surface layer 
of clay-like earth consists essentially of a crown 
member 80, preferably circular, a coaxial, 
flanged ring member 8 of larger diameter axially 
displaced therefrom, and a plurality of cutting 
blades such as 82, preferably of metal strip, ex 
tending between the crown and ring members 
and equally spaced about their peripheries. The 
blades are Welded to the crown member at an 
angle to the axis thereof providing effective 
cutting and are curved outwardly from the axis 
toward the ring member and thence down Ward 
ly and peripherally forwardly in the direction of 
rotation of the excavator to terminate in slots 
83 of the ring member, the slots being directed at 
an angle to the outer periphery of the ring mem 
ber, as shown more particularly in Fig. 11, for 
providing more effective cutting. The blades are 
Secured in the slots preferably by welding. The 
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projecting edges of the blades 82 are chamfered 
as at 84 to provide sharp cutting edges. 
The excavator as thus assembled, which is G 

dome-like configuration, is rotatably mounted 
Over the terminal orifice of a pipe section 85 
forming a continuation of the suction pipe f2, 
this being accomplished by detachably bolting the 
flanged portion of ring member 8 as shown in 
Fig. 7, to an opposing flange of an inner ring 36 
rotatively Supported by anti-friction bearings, 0. 
Such as the ball bearings 87, on a flanged por 
tion 88 of the pipe section 85. 

For applying a power drive to the excavator an 
internal gear 89 is bolted, as at 30, to the inner 
ring member 86. Gear 89 meshes with a spur 
gear 9 keyed to the drive shaft 9. 

Since the excavator operates while submerged, 
the gears and bearings above referred to are pro 
Wided With a water-tight housing consisting of: 
a ring 92 bolted to ring 86, and having concen 
tric peripheral grooves and ribs 93 fitting into 
Conforming ribs and grooves of a flange 94 of the 
Suction pipe; a ring 95 bolted to ring 86 and hav 
ing concentric ribs and grooves 96 fitting into 
conforming ribs and grooves of a ring 97 bolted to 
flange 88; together with packing rings 98, 99 held 
in place by rings to 0, of bolted to rings 92, 97 
respectively, the arrangement being thus such as 
not to interfere With rotation of the excavator. 
The drive Shaft 9 for the rotary excavator is 

likewise provided with a water-tight housing and 
is mounted in anti-friction bearings as shown in 
Figs. 4, 6 and 7. The hOUSing comprises tubular 
segments such as 5 to 09 inc. threaded togeth 
er as shown. The Segments such as f07, Fig. 6, 
are provided With lugs if having eyelets 2 for 
bolting the drive shaft housing to the suction pipe 
2 as shown in Fig. 1. Segments 7 are also 
provided with anti-friction bearings 3, through 
which the drive shaft 9 is journaled. 
The drive shaft 9 enters the excavator bearing 

and gearing housing through a housing 4 con 
taining an anti-friction bearing 5 supporting 
the shaft, the housing being sealed on the shaft 
entry side by a bushing 6 threaded to housing 

4, and a packing disposed about the end 
of the bushing and about the Shaft, held in place 
by a packing nut 8. ' 
The form of excavator shown in Figs. 19, 20, 21 

which is adapted more particularly for excavat 
ing the hard SubStratum, comprises a drun-like 
cage 20 consisting of a crown member 2 and a 
coaxial fanged ring member 22 of larger diam 
eter spaced therefrom, a plurality of ribs such as 
23, extending radially outward from the crown 
member and thence longitudinally to the ring 
member, the ribs being equally Spaced peripher 
ally thereabout and braced at intervals by mem 
bers 24 extending between adjacent ribs. Bolt 
ed to the ribs 23 as at 25 are a plurality of 
scoop-like bucket members such as 26, 27, 28, 
presenting cutting edges, such as 29, 30, in a 
common direction of rotation, and being of ar 
cuate contour as shown at 3, for directing ex 
cavated material toward the interior of the ex 
cavator and thence to the Orifice of the pipe Sec 
tion 85. To this end this excavator may be Sub 
stituted for that shown in FigS. to 11 inc., by 
unbolting the latter from the flanged ring mem 
ber 86, and bolting the flange of this member to 
the flange of ring member f22, as shown in Fig. 
21. 
For proper operation of the excavator shown 

in Figs. 19 to 21, inc., its axis should be main 
tained substantially horizontal as the Suction 
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pipe is elevated and depressed. A mechanism for 
accomplishing this is shown in Figs. 1, 2, 5, 15, 
16, 17 and 18. It consists essentially in a hollow 
knuckle joint 35 articulatable about a horizontal 
axis 36, and having an arm 37 joined to the 
terminus of the suction pipe 2; and a finger 38 
bolted to pipe section 85 which carries the rotary 
excavator; a universal joint 39, coaxial with 
the knuckle joint, interposed in the drive shaft 
9, and an equalizing rod 40 having one end pin 
connected to an arm 42 of the knuckle joint fin 
ger 38, the opposite end of the equalizing rod 
40 being pin-connected at 43 to a stationary 
arm 44 attached to a strut 45 mounting a bear 
ing housing 46 rotatively supporting a portion 
of the pipe elbow forming part of the Swivel 
joint 9 as shown in Fig. 4. 
The equalizing rod 49, suction pipe, f2, and 

the arms 42 and f is thus form in effect the 
sides of a parallelogram which is pin-connected 
at the joints, and hence which elongates as the 
suction pipe is elevated and contracts in length 
as the suction pipe is depressed, and in so doing 
rotates the arm A2 attached to the knuckle 
joint finger 38 in such manner as to maintain 
the axis of the excavator substantially fixed in di 
rection, for example horizontal. The positions 
of the excavator in relation to the suction pipe 
and equalizing rod when the pipe is elevated and 
when it is depressed are illustrated at 2d, 4d. 
and 2, 40 respectively of Fig. 18. Arm 44, Fig. 
5, is provided with a series of eyelets 47 pro 
gressively Spaced from the pivotal axis of the 
Suction pipe SWivel joint D, so that the direction 
in which the axis of the excavator is maintained 
may be altered by shifting the point of pivotal 
attachment of the equalizing rod 3 from One 
eyelet to another. The type of excavator Shown 
in Fig. 9 operates best when its axis of rotation 
is maintained Substantially coaxial With the Suc 
tion pipe. This is accomplished by pin-connect 
ing the equalizing rod 40 to the lowermost eye 
let 4. With this connection the position of 
the excavator for various elevations is about as 
shown at 4 to 7 inc. of Fig. 2. 

Considered. Somewhat more in detail, the 
knuckle joint 35 takes the form of a split drum 
consisting of an inner member 5 rotatable 
within an Outer member 5. As shown more 
particularly in Fig. 17, the inner member 50 is 
integral with and opens into the arm. 37; While 
the outer member 5 is integral with and opens 
into the finger 38, the Outer member being bolt 
ed to the finger as shown in Fig. 6 at 52. Re 
verting to Fig. 17, the inner member is of Such 
extent peripherally as to provide an opening 53 
into the finger 38 for all positions of articula 
tion, the angle throughout Which articulation is 
possible being determined by the peripheral ex 
tent of the outer member 5 in relation to the 
size of the arm 3, as is evident from Fig. 17. 
The inner member is outwardly flanged along its 
arcuate edges as shown at 54, the flanges being 
housed in conforming inner arcuate grooves 55 
of the Outer member. The outer member over 
laps the inner member as shown more particu 
larly at 56, Fig. 16, and a hold-down segment 
5 is also provided which is bolted to the inner 
member as shown and which overlaps the portion 
(56 of the outer member to hold down the por 
tion 56 of the outer member in such manner as 
to permit of free rotation between the outer and 
inner members. The outer member is also pro 
Vided With a Water-tight casing 58 which houses 
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the universal joint as shown more particularly in 
Fig. 16. 
Reverting to Fig. 4, the air-tight swivel joint 

0, which is a suction joint, comprises a pair of 
pipes , 60 each having an outer flange 6, 
62 spaced slightly from a terminus 63, 64 

thereof, the terminus of pipe 68 having an 
inner peripheral recess 65 articularly housing 
the terminus 63 of pipe . . A split ring 66 
the halves of which are detachably bolted at 67, 
is provided at one end with an inner flange 68 
lockingly engaging flange 3 of pipe f, and 
having at its opposite end an exteriorly pro 
jecting flange f (s.9 bolted to flange 62 of pipe 
f6. The exterior surfaces of the pipes between 
their fanges and their termini are preferably 
flared outwardly slightly as shown at . An 
annular gasket fill of flexible sheet material, 
such as rawhide, leather, rubber, etc. encircles 
this portion of the pipes including the outer 
junction 72 between them. The opposite ends 
of this gasket lie along the flanges 5, 62 as 
shown, the gasket being thus maintained snugly 
overlying the pipe joint by a pair of resilient 
metal rings, such as rings of helically coiled 
spring wire, 73, 74 extending about the pipes 
respectively. 
A compression form of SWivel joint employed 

for swivel joint 20, Fig. 2, is shown in detail in 
Fig. 12. In this modification the upper pipe 20 
terminates in a flange 75 having an inner pe 
ripheral recess 76 articularly housing the ter 
minus 77 of pipe elbow 22, which is provided 
with a flange 78 spaced from the terminus. 
A split ring 79 of the type previously described, 
houses flange 78 of pipe 22 and is bolted to 
flange 75 of pipe 20. An annular gasket f88 
of flexible sheet material, Such as, rawhide, 
leather, rubber, etc., is interposed between 
flanges 5, 8, the inner edge of the gasket 
engaging pipe elbow 22 as shown, and is held 
Snugly against the same by a resilient metal ring 
f 82 of helically coiled spring wire or the like. 
Pipe elbow 22 is preferably provided with a pe 
ripheral groove 83 for seating ring fa2. 
As shown in FigS. 2 and 14, the barge is pro 

vided with a sloping roof 84 mounted on sup 
ports 85 for protecting the machinery and 
Workmen. To the same end the headline pulleys 
50, 5, 52 are provided with a housing 86. 
Operation of the dredge consists in allocating 

the barge over an area to be mined by taking 
up or slacking off on the various drums 32 to 
3 inc. controlling the mooring cables until the 
barge is in the position desired. Thereafter the 
drums controlling the Stern and headline cables 
28, 29, 32 are locked in position by adjusting the 
gear shifts controlling the same to their neutral 
positions. The gear shifts controlling drums 35, 
36 and 54 are thereupon manipulated appropri 
ately to adjust the excavator 8 to proper ele 
vations as the barge is swung alternately to port 
and starboard about the pivoted stern mooring 
whereby the excavator removes the earthy ma 
terial in successive and preferably contiguous 
arcuate furroWs, so that the mining may be car 
ried on uninterruptedly. The disintegrated ma 
terial thus removed passes up the suction pipe 
2, through pump 8, and through the outlet pipe 
23 which extends to shore, or to a floating re 
covery and tailing disposal unit, as shown in 
Fig. 3, where the mined material is delivered in 
the form of a Water borne fine silt to the re 
covery equipment. 
What I claim is: 
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1. In an hydraulic mining dredge of the chair 

acter described, the combination of: a suction 
pipe journaled at one end through a stationary 
bearing member for pivoting said pipe about a 
horizontal axis, a rotary excavator, a hollow 
knuckle joint articulatable about a horizontal 
axis, the free end of Said suction pipe terminat 
ing in the arm of said knuckle joint, said rotary 
excavator being journaled to the finger thereof, 
an equalizing rod paralleling said suction pipe, 
Said rod being pivoted at one end to the finger 
of Said joint, said rod being adjustably pivoted 
at its opposite end to said Stationary, bearing 
member whereby the axis of said excavator may 
be adjusted to remain substantially fixed in di 
rection as the free end of said suction pipe is 
elevated and depressed. 

2. In an hydraulic mining dredge of the char 
acter described, the combination of: an elevat 
able suction pipe projecting therefrom, said suc 
tion pipe terminating at one end in an elbow 
journaled through a stationary housing mounted 
on said dredge for pivoting said pipe about a 
horizontal axis, a hollow knuckle joint having an 
arm joined to the opposite end of said suction 
pipe and a finger articulatable about a horizon 
tal axis with respect to said arm, a rotary ex 
cavator journaled to said finger, an equalizing 
rod paralleling said suction pipe and having one 
end pivoted to Said finger and its opposite end 
pivoted to said housing, and means for altering 
the points of attachment of Said equalizing rod 
to said finger and said housing in relation to 
the said axes of rotation of said suction pipe and 
knuckle joint for altering the direction in which 
the axis of said excavator is maintained. 

3. In an hydraulic mining dredge of the char 
acter described, the combination: a suction pipe 
having a portion journaled at one end through 
a stationary housing for rotating said pipe about 
a horizontal axis, a hollow knuckle joint having 
an arm joined to the opposite end of said pipe 
and a finger articulatable about a horizontal 
axis, a rotary excavator journaled to said finger, 
an equalizing rod paralleling said Suction pipe 
and having One end pivoted to said housing and 
its opposite end pivoted to said finger thereby 
to maintain the axis of. Said excavator substan 
tially fixed in direction as said suction pipe is 
raised and lowered, a drive shaft for said ex 
cavator having a portion paralleling said suc 
tion pipe and a portion paralleling said finger, 
and a universal joint coaxial with the axis of 
Said knuckle joint, Coupling said shaft portions. 

4. In an hydraulic mining dredge of the char 
acter described: a pivotably elevatable suction 
pipe, a rotary excavator, and a hollow knuckle 
joint having an arm joined to said suction pipe 
and a finger rotatably supporting said excavator, 
Said knuckle joint including a split-drum having 
an outer sector integral with said finger and an 
inner Sector integral with said arm, said inner 
Sector being articularly housed in said outer sec 
tor, said sectors providing an internal passage 
between said arm and finger for all positions of 
articulation of said joint. 

5. In an hydraulic mining dredge in combina 
tion: a Suction pipe having a portion journaled 
at one end through a stationary housing for ro 
tating said pipe around a horizontal axis, a hol 
low knuckle joint having an arm joined to the 
opposite end of Said pipe and a finger articulat 
able about a horizontal axis, a rotary excavator 
anti-frictionally journaled to said finger over the 
orifice thereof, an equalizing rod paralleling said 
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Suction pipe and having one end pivoted to said 
housing and its opposite end pivoted to said fin 
ger, thereby to maintain the axis of Said ex 
cavator substantially fixed in direction as Said 
suction pipe is raised and lowered, a drive shaft 
for said excavator having a portion paralleling 
Said. Suction pipe and a portion paralleling said 
finger, a universal joint coaxial with the axis of 

said knuekle joint, coupling said drive shaft por 
tions, means gearing said drive shaft to Said ex 
cavator, a Water-tight housing enclosing said 
shaft, gearing means and anti-frictional bear 
ings, and the means anti-frictionally supporting 
Said drive shaft in said housing. 
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