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.OF THE I NVENTI ON The present invention relates to a trenchiﬂg nagﬂ#ge for
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BACKGRGAMNDY/BEBITHE | NVENTI ON The techni que of conti nuous pegpigopdiRb 2
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w.5pecification the term"conprising" is used inclusively, in the sense
in which a continuous excavator is mounted on a workhead, and the sides of the trench are

temporarily lined with form work integrally mounted on the workhead immediately
following the excavator. Australian Patent No. 637347, also by Foundation Technology
Limited, describes a trenching machine that incorporates a trenching arm supporting an
15  endless chain or other carrier carrying cutting teeth exposed along the chain for excavating
the soil in front of the trenching arm. The cutting apparatus of AU 637347 includes a
tooth mounting assembly whereby a cutting tool may be moved from an extended
position, in which the tooth’s cutting edge extends beyond a side of the carrier in a stowed

position.
20
3 .) One of the problems with these prior art trenching machines is that the endless chain type
excavator is very expensive to operate and maintain. There are many moving parts that
wear out, and the drive needed to kcép the endless chain rotating must be quite powerful
and robust due to the weight of the moving parts and soil resistance.
25

SUMMARY OF THE INVENTION

The present invention was developed with a view to providing a trenching machine that

employs a more efficient excavating technique.

30  Throughout this specification the term “comprising” is used inclusively, in the sense
that there may be other features and/or steps included in the invention not expressly

defined or comprehended in the features or steps subsequently defined or described.
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that there may be other features and/or steps included in the invention not
expressly defined or conprehended in the features or stepsPSERERURRIY
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travel in different directions.

Preferably said main frame is provided with a pair of substantially parallel, planaf shield
members, respectively mounted either side of the main frame, and adapted to hold open
20 the side walls of the trench created behind the main frame for concrete to be poured into.

Preferably the trenching arm further comprises a self-levelling mechanism for adjusting
the angle at which the main frame is carried whereby, in use, a prescribed level of trench
on a sloping grade can be minimised.

25
In another embodiment said cutting auger is one of a plurality of cutting augers rotatably
mounted side by side on the main frame for cutting a trench of increased width.
BRIEF DESCRIPTION OF THE DRAWINGS

30

In order to facilitate a more comprehensive understanding of the nature of the invention, a
preferred embodiment of the trenching arm in accordance with the present invention will
now be described in detail, by way of example only, with reference to the accompanying
drawings, in which:

35  Figure 1 is a side elevation of a preferred embodiment of the trenching arm in

accordance
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BRI EF DESCRI PTION OF THE DRAWNGS In order to facilitate a nore
conprehensi ve understandi ng of the nature of the invention, a preferred
‘enbodi ment of the trenching armin accordance with the pres‘sgn‘ﬁpﬁ"hmtion
Wil Reyedsgiescribed in detail, by way of exanple onl ¥c )MJOQIO{ﬁEer ence to
t he acconpanying drawi ngs, in which: 35 Figure 1 is a si ae el'evation of a
preferred enbodi nent of the trenching armin accordance AVMENDED SHEET 18
April 2005 WO 02/33181 PCT/ AUO 1/01349 -3- with the present invention;
Figure 2(a) is a front elevation of the tfenching armof Figure 1; 5
Figure 2(b) is a rear elevation of the trenching armof Figure 1; Figure 3
is a side ‘,quﬁmab}egéhm{veauibggxtendabl e boomfor the trenching arm of Figure
| ; Figures 4(a), (b) and (c) illustrate extension of the boomof Figure 3
in different positions; 10 Figure 5 is a partial cut-away end view of a
sel f-1evelg.] ' | PR hing armof Figure 1; 15
20 Figure ﬁéétpgz@ié%[g?ic%@ﬂa%t\gél[ggjngiaé?v%gr{éjﬁgﬁsel f-levelling nechani sm
of Figure 5; Figure 7 is a top plan view of the trenching armof Figure 1;
Fi gures 8 and [e section vi of the trenching armthrough the |lines
A-A an8 B-F&wi@sgamleﬂaﬂﬂnﬂf@%mﬁ}mmm@ﬁwﬁs a side el evation of the
trenching machine of Figure 1 shown insitu as used for «cutting a trench
and casting a concrete retaining wall; and, Figures 11 and 12 illustrate

t he trencliigge 3iisa side élevatios of abextendabledvomdor the trgnchingyarm efifdgurey; cast a
concrete retaining wall. DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS

Figures 4(a), (b) and (c) illustrate extension of the boom of Figure 3 in different positions;

i 10

Figure 5 is a partial cut-away end view of a self-levelling mechanism provided within the
trenching arm of Figure 1;
Figure 6 is a partial cut-away side view of the self-levelling mechanism of Figure 5;

15
Figure 7 is a top plan view of the trenching arm of Figure 1;
Figures 8 and 9 are section views of the trenching arm through the lines A-A and B-B
respectively in Figure 1;

20

Figure 10 is a side elevation of the trenching machine of Figure 1 shown insitu as used for
cutting a trench and casting a concrete retaining wall; and,

Figures 11 and 12 illustrate the trenching arm of Figure 1 being used to cut a trench and
25  casta concrete retaining wall.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
A preferred embodiment of the trenching arm 10 as illustrated in Figures 1 to 4 comprises

a cutting auger l2 having a generally helical cutting Blade 14 for cutting into soil and
30 transporting the soil to the surface. The cutting auger 12 is rotatably mounted on a main
frame 16 which is designed to be carried in a substantiaily vertical orientation by a suppoﬁ
vehicle (not illustrated). An hydraulic motor 18 is mechanically coupled to the cutting



A preferred enbodi ment of the trenching arm10 as illustrated in Figures |

to 4 conprises a cutting auger 12 having a generally heli ch ?b@? bl ade
‘14 for cutting into soil and 30 transporting the soil to the ace. The
cutti nvaergnis1l2 is rotatably nmounted on a main frame 1@mhgm,dlg49desi gned
to be carried in a substantially vertical orientation by a support vehicle

(not illustrated). An hydraulic nmotor 18 is nechanically coupled to the
cutting .18 April 2005 WO 02/33181 -4 augegf.12 for rotating the cutting
auger ... PCT / AUO 1/01349 Preferably the cutting auger 12 is tilted at an

angl e of between 0 = 45 to 90, nore preferably approximately 0 = 80 as can
be seen nnmerdll@armsaﬂn&ﬂﬁ(ymallgeﬂypl cally, the 5 helical cutti ng bl ade 14
is formed froma series of blade segnents supported on a common drive ,
shaft 20 so as to formone continuous helical flight. However, the cutting
bl ade 14 Pmmmysmetmuﬁ@rmgdr 33 i8 titted @0 A iaRpIRUST setcvbaseoé 4tseltbcml° fokght s.
Drive shaft 20 Is typically a_ hollow shaft havi an_outer dianeter of
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the trenching arm 10 can be nade to travel |n dl fferent directions to form
a conti numt@tablveauppnrtedromﬁtstmmg feamyl Boby meanseadf mplmletm ofi sealetl aheawy Iduty,
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to which hietberscP4 Bletfomited dither Sidedfahé Blain ﬁaﬁhal K¥land &readesighdd e dittdsea boom
as illustrated nore clearly in Figures 3 and 4. As shown in Figure 3, the
15  temporary form work for holding open the side walls of the trench created behind the

trenching arm in use.

The main frame 16 is preferably provided with a rotatable coupling 26 for mechanically

coupling the trenching arm to a boom 28 (see Figures 5 and 6) carried by a support
20  vehicle. In this way, the trenching arm 10 can be made fo travel in different directions to
f‘}f} form a continuous trench for casting angled, curved or even circular walls. Hence, the
trenching arm could be used for casting, for example, a retaining wall for a lined pit or
shaft.

25 Advantageously the boom 28, to which the trenching arm 10 is rotatably coupled, is an
extendible boom as illustrated more clearly in Figures 3 and 4. As shown in Figure 3, the
boom 28 preferably comprises a first boom segment 50 mechanically coupled at one end
to a work arm 52 of a support vehicle, for example, excavator 54. A second boom
segment 56 is telescopically received within the first boom segment 50, and comprises an

30 hydraulic ram 58 received within the hollow interior of the first boom segment 50 and
connected at one end 60 thereto, the other end of the ram 58 being connected to a sleeve

62 of the second boom segment 56. Sleeve 62 is mechanically coupled to a coupling head



boom 28 preferably conprises a first boom segnent 50 nechanically coupl ed
at one end to a work arm52 of a support vehicle, for exanple, excavator
'54. A second boom segnent 56 is telescopically received w {hARrid BRO% | rst
boom s 0, and conprises an 30 hydraulic ram58 r I Ve i thin the
hol l ow'1n eril%'r of the first boom segnent 50 and conne?@&@?’oyﬁg end 60
thereto, the other end of the ram 58 being connected to a sleeve 62 of the
. second boom segnent 56. Sleeve 62 is nechanically coupled to a coupling
head 18 April 2005 WD 02/33181 -5 PCTI AUO 1/01349 64, to which the
trenching arm 10 is rotatably coupled, at two pivot points 66 and 68.
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normal use, the trenchi nt}g arm 10 woul d be supported some di stance from and
1

“Jadj acemt insreases. ekcsuchtolifting apertioneit wagykalss be neeessary do sitsd borrmrPgbye
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conpri ses | r fratexbaMtor FIHR URAWSR 2
nount i ng r} arwgemgkgwrﬂpg\%go a?ﬂtéhgéj?{))tg agﬂ jg?er?goe trenching arm 10. A pair
of hyrs aulaim 52atsishown dn Bigureod(by etowaidrhwhers partdingthevealt dort example, ime at i on
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extended as shown in Figures 4(a) and (c).

The rotatable coupling 26 for mechanically coupling the trenching arm to the coupling
20  head 64 of the boom 28 is shown more clearly in Figures 5 and 6. Rotatable coupling 26
o comprises an hydraulically actuated turntable 80 rotatably coupled to a mounting plate 82
provided at the top end of the trenching arm 10. A pair of hydraulic actuators 84, offset
with tespect to the centre of rotation of the turntable 80, are provided to actuate the
rotatable coupling in either rotational direction. This greatly enhances the utility of the
25  trenching arm 10, as it permits the trenching arm to be moved in directions other than
parallel to the direction of travel of the suppart vehicle.

Also shown in Figures 5 and 6 is a self-levelling mechanism 90 for adjusting the angle at

which the trenching arm 10 is carried by the boom 28 so as to maintain a prescribed level
30 and depth of trench, particularly on a sloping grade. The self-levelling mechanism 90

comprises two sub-assemblies for providing a levelling action in two perpendicular planes

of movement respectively. Both sub-assemblies of the self-levelling mechanism 90 are



rotatabl e coupling in either rotational direction. This greatly enhances
Ahe utility of the 25 trenching arm 10, as it permts the tgg 1@@0§rn1to
be noved in directions other than parallel to the direction o ravel of

t he suppedssvehi cle. Al so shown in Figures 5 and 6 is a selAubgygld | N
mechani sm 90 for adjusting the angle at which the trenching arm10 is
carried by the boom 28 so as to maintain a prescribed |evel 30 and depth of
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10, and pivota nnected at thelr upper ends a arm . Pivot
arm 100 is pivotally nmounted on the main frane 16 of the trenching arm 10

by means pfe &hid' Sb-Riinbly of the self-levelling mechanism 90 is illustrated in Figure 6. As
with the first sub-assembly, the second sub-assembly also comprises a pair of hydraulic

20 actuators 98 pivotally connected at their lower ends to the sub-frame 108 of the trenching

arm 10, and pivotally connected at their upper ends to a pivot arm 100. Pivot arm 100 is ‘“)

pivotally mounted on the main frame 16 of the trenching arm 10 by means of a pivot shaft

104 that is mounted in a pair of bearing mounting blocks 102 (only one mounting block

102 is visible, as the other one is located directly behind it on the other side of the main

25  frame 16). Bearing mounting blocks 102 are fixed to the main frame 16 at respective ends

of the pivot shaft 104 that extends from side to side the full width of the main frame 16.

Pivot shaft 104 effectively acts to locks the sub-frame 108 into the main frame 16. When

either one or both of hydraulic actuators 98 are activated, the main frame 16 of the

trenching arm 10 will be caused to swivel or tilt on pivot shaft 104 in the direction of

30 arrows BB shown in Figure 6. It will understood therefore that the two sub-assemblies of

the self-levelling mechanism 90 effectively act in a similar manner to the perpendicular

cross-over shafts in a universal joint to create universal movement.



104'that is nounted in a pair of bearing nounting bl ocks 102 (only one
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pi vot shaft 104 in the direction of 30 arrows BB shown in Figure 6. It wll
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vertical. I'n use mai n frame I's driven in a forwards direction
t hr ough tIﬂemmmngWahfmmwlthngem,l\sdlabwgsnloseamssbteheﬂmmcmcah front of the
trenching armand carries it to the surface, creating a trench behind the
main Erame that can be filled with concrete to forma retaining wall.
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Preferably, the concrete can be pumped into thc trench sunultaneously as the trench is

being formed by the trenching arm so that the surrounding soil does not collapse.
Advantageously, the weight of the concrete behind the trenching arm 10 helps to thrust it
20 forwards in the trench. The trenching arm can also operated to cast a wall below the level
of the water table without the use of bentonite (although bentonite may be used if desired).
The concrete will fill the void behind the trenching arm before the water can, since it is
heavier than water and therefore displaces any water that may be present. The trenching
arm 10 may also be fitted with height adjustable skids or similar depth control means
25  fitted to the shield members 24 and adapted to ride on the top surface of the soil. Soil
deflecting blades (not illustrated) may also be provided adjacent to the front edge of the
trenching arm at the soil surface, for pushing soil, lifted to the surface by the cutting auger
12, away from the trench being formed behind the trenching arm. The deflecting blades
may be formed integral with the level control means or skids. Alteratively, or in
30 addition, a side chute may be provided at the top of the auger arranged to drop the soil a

short distance to one side.
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The support vehicle, typically an excavator, then travels forward drawing the trenching

arm 10 forwards with it. As the trenching arm is forced forwards in a horizontal direction,
the cutting auger 12 cuts the soil in front of it and carries it to the surface, creating a void
30 behind the main frame 16 which is held open by the shield members 24. The concrete
can then be poured into the void 30 between the shield members 24 (see Figures 7 and 8).

As the trenching arm travels forwards through the soil, the concrete slumps into the trench
and is then able to provide a counter pressure. to the lateral pressure on the walls of the
trench to hold it open. The weight of the concrete pressing on the rear of the main frame
16 also helps to drive the cutting auger 12 forwards through the soil. Once the concrete
has formed a continuous column from top to bottom at the full depth required, the
retaining wall can be continuously formed by the trenching arm travelling forwards and
the concrete being poured in continuously behind the trenching arm at the same time.

The main frame 16 may also be provided with a shutter 34, (see Figure 1), held in grovzs
at the back end. When starting the concrete pour, shutter 34 will allow the new wall to
have a square starting face as it prevents the soil from falling into the void created directly
behind the cutting auger 12. When the cutting auger 12 has reached the prescribed depth,

t he

en by
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To give strength to the finished concrete retaining wall, ﬁbréglass or steel fibre can be
o 20 mixed with the cement. In addition, reinforcing bars 42 can be placed in the concrete
\ while it is still wet to give lateral strength (see Figure 10). If desired blockouts can be
inserted, laced to the reinforcing bar, to insert ground anchors at a later stage during -
construction of the retaining wall (for non-cantilevered walls).

25  When removing the trenching arm from the ground at completion of concreting, the
helical cutting blade 14 of the cutting auger can be rotated in the reverse direction to refill
the void left by the trenching arm, as it is withdrawn, against the finished concrete wall.

Using a cutting auger to excavate the soil is a much more efficient method of excavation.
30 It significantly reduces the soil friction as the trenching arm travels through the soil. The
narrowing of the shield members 24 towards the bottom of the trenching arm also

minimises the surface area subject to lateral soil pressure, further helping to reduce soil
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cutting blade 14 (see Figure 9) for cutting through stiff soils and to
reduce wear on the flights. Jf it _is desired t ut wi.der. trench, .
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gi ving reduced operating costs and i nproved efficiency; 15 (iii) reduced
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armis reduced gidavagr,giviigfddated dperating costs and improved efficiency;

15
(iii) reduced lateral surface area and less aggressive cutting action reduces energy
losses due to soil friction;
@iv) overall weight and size of the trenching arm is reduced making it easier to
20 transport gnd manoeuvre; and,

) cost of manufacturing the trenching arm is also significantly reduced.

Numerous variations and modifications will suggest themselves to persons skilled in the

25  excavating arts, in addition to those already described, without departing from the basic
‘inventive concepts. The trenching arm can also be used to dig trenches for laying pipes
and cables. All such variations and modifications are to be considered within the scope of
the present invention, the nature of which is to be determined from the foregoing

description.
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15 travel in a variety of directions relative to the support vehicle.

2, A trenching arm as defined in claim 1, wherein said rotatable coupling comprises
a turntable rotatably mounted on said main frame and rotatably activated by a pair of
actuators.
20
3. A trenching arm as defined in claim 1, wherein said main frame is mechanically
> coupled to an extendable boom carried by the support vehicle whereby, in use, said boom

can be extended or retracted to increase the manoeuvrability of the trenching arm.

25 4. A trenching arm as defined in claim 1, wherein said main frame is provided
with a pair of substantially parallel, planar shield members, respectively mounted either
side of the main frame, and adapted to hold open the side walls of the trench created
behind the main frame for concrete to be poured into.

30 5. A trenching arm as defined in claim 1, wherein the trenching arm further
comprises a self-levelling mechanism for adjusting the angle at which the main frame is

carried whereby, in use, a prescribed level of trench on a sloping grade can be minimised.
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trenching armas defined in claiml1, wherein said cutting auger is nounted
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10
3 8. A trenching arm as defined in claim 1, wherein said cutting auger is mounted on
" the main frame at an angle of 10° to the vertical.
9, A trenching arm as defined in claim 1, wherein said said cutting auger is one of a
15 plurality of cutting augers rotatably mounted side by side on the main frame for cutting a
trench of increased width.

i}
2
o

\,
4

AMICNDED SHEET



