18" April 2005 WO 02/33181 TRENCHI NG MACHI NE *166166* FI ELD OF THE | NVENTI ON
_The present invention relates to a trenching machine for cut ifdgra200ench
for insi ing 5 of a concrete retaining wall. BACK THE
| NVENTI &B'[o%g%{séchni gue of continuous casting of a concr %&E‘f‘&?ﬁ 9ng wal |,
in which a trench is continuously excavated and filled with concrete, is
wel |l known. Australian Patent No. 10 584083 by Foundati on
Li mited describes such a nethod of contihuous casting in V\hmﬂmﬂmﬂmwam‘“mulous
excavator is nmounted on a workhead, and the sides of the trenc *l%%_
tenporarily lined with form wor RRENEHIRG MATHIINED on the workhea
I mredi ately follow ng the excavator. —AustTal ran Patent No. 637347, al so by
Foundati on Technol ogy Limted, describes a trenching machine that
i ncor por at eEIELD OFTHE RYVENTIONpporti ng an 15 endl ess chain or ot her
carrier carrying cutting teeth exposed alo the chain for, excavatin t he
soi | in frohke BEsenkinventioneislates t«aamen% mas r GYHRE & drgach,for iy
i ncl udeg a aﬁ[m;l% senbly whereby a cutting tool may be noved
from an%ext%fﬁl%me?ggltlo @'n whi ch the tooth's cutting edge extends
beyond a side of the carrier in a stowed position. 20 One of the problens
with these pri Ghi n chines is that the endl ess chain type
excavat or ,VA\CK(;!EQL’IE@S@& Q;[L&g and mai ntain. There are many novi ng

T ot T

parts that THefChMidhe oﬂ@é‘:ﬂ&ﬁé;éjgé;ﬁﬁg BERCRHCreR feBifiing RAIICRIWARD &£ BRhdh is

rotating nust be quite powerful and robust due to the weight of the noving
parts and seintinueuslys excavated 26d Slrd/mrith @merete is MeiNmosm. Phstrplianslatent No.

I nvent [ an el.oped .. a view. bdi ' . i ne. t hat
el oy 3a no9E b7 FaRah TetBeldeR bl S b BRERE R Rt
speci fi cat i ryhibiea tontiRuoGPER VAT Ymoiuitedioe s workhend iané the, sides of e tfemols ére t hat
there may be other features and/or steps included in the |invention not

expressly tgawprasdy dined oigh Serah vk jinfegrally maeuntadeen dhe syarkhead Lmyaediataly v
defined or H)ﬂ3%ﬂgbﬁg ‘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
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 keep 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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18 April 2005 WO 02/33181 -2 PCT/ AUO /01349 What such other features and/or
~steps may include will be apparent fromthe specification ré8dpsd280ihol e.
According to the present invention there is provided a trenching arm used
for cuttWRP23I8E trench for insitu casting of a concrete REWAUNIHMal | |
the trenching armconprising: a cutting auger having a substantially
helical cutting blade for cutting into soil and transporting the soil to
the surface; a main frame on Wwhich the cuthi_ng auger is rotatably nounted,
the main frame being adapted to be carried in a generally vertical
orientation by a support vehicle; and, 10 a notor nechanically coupled to
the cutti ngWhatsuch ostherotfeatines andéorcsteps maayadneude willy beyapparent fioma the pe
main frame is driven in a forwards direction the cutting auger cuts the
soil in frotfecifiFation readiaya gg the soil to the surface creating a trench
behind the main frame that can be filled with concrete to forma retaining
wal | . 15 Preferably said main franme is provided with a pair of .

subst ant i al Agcopdingitp dhe present inventinnothgre isgrpvdded a treaching arpb psednfon SUEIAE S t her

side of the in fr - R Yre ] -l:s .0f the
trench ea?%ghg%rh'ftﬁg‘eﬁaﬁ@qgr%ﬁg&%rgﬁé ‘?lé‘p.@c‘g%lgret e“%@ﬁﬁgh‘ggﬂr u?%it 0.
Preferably said geitting awgee havinga sutisthatially hdlical cuttiret tdidecfor cuting ingo $ait and
mechani cal | coupling the trenching armto the support vehicle, wherein
t he trenchié@'ﬁmwg%ﬁ%t € o travel in different directions.

Preferably the témbﬁgﬂ‘ﬁ%ﬁt‘?ﬁ?mﬁh?&% 18taB8ly moliR¥E! the ML EFARNI SM

for adjusting the ang rame I's carried whereby, In
use, a preskdingmihptedite be odrried Brcgenerallp vertiogionign@gtiardey @ suppbe vehiplepaskd. | n
anot h nbodi t i d tfi [ f | i f '

gﬂg er ngrQ?t a? all)r;?mostgrl mecilamu IczlﬂTyg c&%? o' the %\rxl 8 auger or ;o%atintgy the cu&:%tgta'uggr

whereby, in use, as the main frame is driven in a forwards direction the cutting auger cuts

the soil in front of it and carries the soil to the surface creating a trench behind the main
frame that can be filled with concrete to form a retaining wall.

15  Preferably 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.
Preferably said main frame is provided with a rotatable coupling for mechanically
coupling the trenching arm to the support vehicle, wherein the trenching arm can be made

20 to travel in different directions. 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.

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

BRIEF DESCRIPTION OF THE DRAWINGS

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
30 now be described in detail, by way of example only, with reference to the accompanying
drawings, in which:

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



25 mounted side by side on the main frame for cutting a trench of increased
. Wi dth. BRIEF DESCRI PTION OF THE DRAWNGS In order to facilitaBdpaldoee
conpr eh i derstanding of the nature of the inventiao referred
enbodi rree\&tﬁo\éfsstéﬂe trenching armin accordance with the pr'%srré‘gy‘"?%?‘@nti on
will 30 now be described in detail, by way of exanple only, with reference
to the acconpanying draw ngs, in which: Figure 1 is a side elevation of a
preferred enbodi nent of the trenching ar m™Pi accor dance 18 April 2005 WO
02/ 33181 -3- with the present invention; PCT/AU01/01349 Figure 2(a) is a
front el evajjtRheYresehEintdn@ogi ng armof Figure 1; 5 Figure 2(b) is a rear
el evation of the trenching armof Figure 1; Figure 3 is a side elevation of
an extendabl e boomfor the trenching armof Figure 1; Figures 4(a), (b) and

(c) illustrat ensian of 1.h fi.. Ei gur i.n,different positions;
10 Figure 5?@?{@6{??@&(:%vtab%@,g{j’&g%é@%%é’fﬁwhl evel I i ng mechani sm
provided within the trenching armof Figure 1; 15 20 Figure 6 is a parti al
cut-away side view of the self-1levelling mechanismof Figure 5; Figure 7
is atof plEiguwi2h) ine reapelevation af thegranching armrpgligarell; Figures 8 and 9 are
section views of the trenching armthrough the lines A-A and B-B
respectively in Figure 1; Figure 10 is a side elevation of the trenching
machi ne of Figgter3ds a sitlb elowationsoftan eatendabisbdoat for the ttandhing atni ef\Figurenid casti ng
a concrete retaining wall; and, Figures 11 and 12 illustrate the trenching
armof Figure 1 being used to cut a trench and 25 cast a concrete

retaini ng wg }gﬁ Rl ddils oﬁ’ﬁgﬁggﬁﬁgﬁ%@ 'i%@nf‘flw't?&é”ed
enbodi nent V\gl?h%cﬁgﬁg:ﬁﬁénc i(% armel%) asgi:nl lustrated i gé)gures 1 014 ’
%conpriSEs a cutting auger 12 having a generally helical cutting blade 14

For cutti ngFiIgQrteOS éxgll)lartl%i‘| gut-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 12 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 substantially vertical orientation by a support
vehicle (not illustrated). An hydraulic motor 18 is mechanically coupled to the cutting



30 transporting the soil to the surface. The cutting auger 12 is rotatably
_mounted on a main frane 16 which is designed to be carried i A84\pril 2005
subst ant\j\,ﬁloéx%frt ical orientation by a support vehicle énot i |l ustrated).
An hydrauli or 18 is mechanically coupled to the cuttimgAY843% | 2005
WO 02/ 33181 -4 auger 12 for rotating the cutting auger... PCT/AU01/ 01349
Preferably the cutting auger 12 is tilted at an angle of between 0 = 45 to
90, more preferably approximately 0 = 80-45 can be seen nobst clearly in
Figure 1. Typically, the 5 helical cutting blade 14 is forned froma series

of bl ade segEEMiBfos HRRMRE cRfindafefON drive shaft 20 so as to formone

continuous hélical flight. However, the cutting blade 14 my al so be
formed as a discontinuous series of helical flights. Drive shaft 20 is
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The main fr ' f | }é.hlgﬁge ] s f or
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chatt. o5 ARGkl sERSHLG (o RIR: B b7 g of p Pty of Rhlod, heappdn

rot at abl y deagihgsdheld sonasuppert brackets 22.bobmpaasof substantialiye garatiele ptdnanishigldi n
Figures 3 and

4. h in Figure 3, the. f er apl ]
1 Pt - boom BEBH 2358 Monnlelcthh 5% 61 o6 dthin BoGH A Stegieq et o AbAPE5 of
a suppekt “ghpérafs forl werlkefiR| IRIdifX opMAihe sikdwalls £ BRWerdtAQRated 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 to travel in different directions to
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



segnent 56 is telescopically received within the first boom segnent 50, and
_conprises an 30 hydraulic ram 58 received within the hollow ilRtAnril@P0Bf t he
first b nt 50 and connected at one end 60 theretg e ot her end
of the Sgﬁl“?gﬂggi ng connected to a sleeve 62 of the secdrid’ J(I‘Z)‘ff)llye(’grnant
56. Sleeve 62 is nechanically coupled to a coupling head 18 April 2005 WO
02/33181 -5 PCT/ AW01/ 01349 64, to which the trenching arm 10 is rotatably
coupled, at two pivot points 66 and 68. SPéeve 62 is coupled to the first
pi vot point 66 adjacent a |ower edge of the coupling head 64 at a fixed

di stance, Wae{Laichithé %eﬁ&ﬁhig g 10 id F&atﬁ@l?%d%le,V&tth%mt poftd 6 and &8i abl e
di stance controlled by a small hydraulic ram 70. Hydraulic ram70 is
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the utility of the 25 trenching arm 10, as it permts the trenching armto
be noved i reotier.avhdarethe exegyator ﬁg may not be able to travel, the reach of the boom 28 may

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
¢ 1 comprises an hydraulically actuated tumntable 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 respect 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 support 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



parallel to the direction of travel of the support vehicle. Al so shown in
.Figures 5 and 6 is a self-levelling mechani sm 90 for adjustini§ Aprd 286! e at
whi ch th@ t5§9£ |ng arm 10 is carried by the boom 28 so as to maintain a
prescri bagd Y 30 and depth of trench, particularly on BCHAERVAG4Yr ade.
The self-1levelling nmechanism 90 conprises two sub-assenblies for providing
a levelling action in tw perpendi cul ar planes of novenent respectively.
Both sub-assenblies of the self-levelling-f&chanism 90 are 18 April 2005 WO
02/ 33181 -6 PCT/ AU01/ 01349 preferably housed within a sub-frame 108 that is
bol ted or vwedfehagly HuSedAwitiGa aSabHamié 188 Ghdt is b&ua& of WEIdE flm?& récbs% pi&Villed i Te
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nount i ng bl ocks 102 (only one nmounting bl ock

The second sub-assémbly 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 shafls in a universal joint to create universal movement.



102 is visible, as the other one is located directly behind it on_the other
.side of the main 25 frame 16). Bearing nounting bl ocks 102 a8 Anri@80% o t he
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the surface, creating a trench behind the main frane that can be filled

Wi th concrete to forma retaining wall. Preferably, the concrete can be
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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. Alternatively, 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
20  canthen 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
25 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
30 atthe back end. When starting the concrete pour, shutter 34 will allow the new wali 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,
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To give strength to the finished concrete retaining wall, fibreglass or steel fibre can be

20 mixed with the cement. In addition, reinforcing bars 42 can be placed in the concrete
A 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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. appreciigted that it provides a nunber of significant advantages over prior
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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 z_md manoeuvre; and,

wv) 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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rotatabl e coupling for mechanically coupling the trenching armto
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main frame is nmechanically coupled to an extendable boom carried by the

support vehy cl e XReh&liXe at'ad'$ined 3 Halt? ?Wherein said main frame is provided with
15  arotatable coupling for mechanically coupling the trenching arm to the support vehicle,

wherein the trenching arm can be made to travel in a variety of directions relative to the

support vehicle.

3. A trenching arm as defined in claim 2, wherein said rotatable coupling comprises
20  a turntable rotatably mounted on said main frame and rotatably activated by a pair of

actuators.

4, 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
25  can be extended or retracted to increase the manoeuvrability of the trenching arm.

5. 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

30 the main frame for concrete to be poured into.

6. A trenching arm as defined in claim 1, wherein the trenching arm further
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plurality of’ef&‘&%'tpi‘%ﬁ- augers rotatably nounted side by side on the nmain
frame for cutting a trench of increased wdth. 20

£ 10 & A trenching arm as defined in claim 1, wherein said cutting auger is mounted on
the main frame at an angle of between 25° to 0° to the vertical.

9. 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.
15
10. A trenching arm as defined in claim 1, wherein said 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.

20



