United States Patent (191
Schmahl

rmy 3,782,480
(451 Janm. 1, 1974

[54] SLIT TRENCH FORMING APPARATUSES
[75] Inventor: Calvin O. Schmahl, Chilton, Wis.

[73] Assignee: Arps Corporation, New Holstein,
Wis.

[22] Filed: Nov. 15, 1971
[21] Appl. No.: 198,852

Primary Examiner—Stephen G. Pellegrino
Attorney—Arthur L. Morsell, Jr. et al.

[57] ABSTRACT

A device adapted to be pulled by a tractor or the like
including a trench-forming blade and featuring a novel
blade driving mechanism connectible to the power
take-off shaft of the pulling vehicle, or to a separate
prime mover, adapted to impart lateral oscillating mo-
tion to said blade to form a slit trench in the earth into
which underground cables or pipes, etc. can be laid by
a guide device associated with said apparatus, said
novel drive mechanism producing a minimum of vi-
brations of the type characterizing conventional
trench formers, which vibrations cause wear and rapid
deterioration not only of the structural components of
the apparatus, but which constant vibrations are detri-
mental to the human operator as well as to the cables
or pipes being installed.
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1
SLIT TRENCH FORMING APPARATUSES

BACKGROUND OF THE INVENTION

1. Field of the Invention )

The present invention relates to excavating equip-
ment and more particularly to machines for forming slit
trenches into which underground wires, cables, or
pipes, or the like, are laid.

2. Description of the Prior Art

Heretofore most slit -trench-forming devices have
been of the type that depend almost entirely on the for-
ward movement of the vehicle on which they are sup-
ported to forcibly urge an excavating blade through the
earth, which is unsatisfactory for the reasons that it not
only requires considerable power, but results in fre-
quent breakage and a relatively short life span for the
blade and other structural components.

In an effort to overcome the deficiencies of such con-
ventional trench diggers attempts have been made in
the past to provide means for reciprocating or vibrating
the trench-forming blade, or so-called sabre, in.a verti-
cal plane in order to facilitate and promote the digging
action of said blade. Unfortunately, however, such de-
vices have not proven entirely satisfactory.

For one thing, with vertically-reciprocating blades of
the type described there is a tendency for a combina-
tion of earth, roots, and weeds to accumulate in front
of the blade at the point where said blade emerges from
the ground, which necessitates periodically stopping
the vehicle to remove said mass of packed debris.

An even more important shortcoming of vertically-
reciprocating trench-forming blades of the type de-
scribed is that the continuous vigorous vibrating mo-
tion characterizing such machines not only results in
wear and tear on both the machine and the operator,
but it imparts corresponding vibrations to the pipe or
cable as it is being laid, which can cause said pipe or
cable to bend or kink, and sometimes break. Moreover,
the inevitable abrasion caused by said vertically-
reciprocating blades on electric cables and the like fre-
quently wears through or damages the insulation cover-
ing said cables with the result that the wires are ex-
posed and likely to short circuit or be otherwise seri-
ously damaged when contacted by water or other for-
eign matter. This has been a particularly serious prob-
lem in the laying of telephone cables.

In order to eliminate or minimize the shortcomings of
such vertically vibrating-type slit trench diggers a
unique trench-forming apparatus featuring a laterally-
oscillating blade or sabre was designed by one Albam
M. Vik and is the subject matter of pending United
States patent application Ser. No. 732,970, filed May
29, 1968, now abandoned, and a later-filed streamlined
continuation application dated Aug. 6, 1970, Ser. No.
61,828, now U.S. Pat. No. 3,638,399. The assignee of
the present patent application is the exclusive licensee
under said co-pending application.

The general object of the invention disclosed in said
prior co-pending application is to provide a unique slit
trench-forming apparatus wherein the trench-forming
blade is designed to alternately oscillate leftwardly and
rightwardly about a generally vertical axis in a manner
whereby said blade creates lateral pressure which liter-
ally compresses the earth on each side of the blade to
form the trench. With said novel trench-forming action
it has been found that there is less damaging vibration
than with the vertically-reciprocating blades of the type
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described above, and, in.addition, the unit can be

drawn forwardly through the earth more easily and
with less power consumption than is required with said
prior trench formers.

A further advantage of the trench-forming device dis-
closed in said co-pending application is that the novel
lateral oscillating motion of the blade, and resulting
compacting of the earth against the trench side walls,
forms relatively hard, smooth trench walls which re-
main firmly intact while the pipe or cable is being laid
in said trench, which is highly desirable.

Further advantages of the novel trench-forming ap-
paratus disclosed in said co-pending application, as
hereinabove mentioned, are that the somewhat re-
duced vibration lessens the tendency of the cable to
kink, break, or abrade, as well as lengthening the useful
life of the structural components of said apparatus in
comparison to the vertically-reciprocable diggers pre-
viously used.

Unfortunately, while the novel trench-forming appa-
ratus disclosed in said co-pending application is a defi-
nite improvement upon its predecessors and creates
less harmful vibration, as described, it still produces
substantial vibrations, with some of the damaging ef-
fects hereinabove enumerated. Consequently, one of
the principal objects of the present invention is to pro-
vide an improved drive assembly for such laterally-
oscillating trench formers which practically eliminates
said harmful vibrations.

In addition to the above-identified co-pending patent
application, and continuation application, excavating
devices of the general type herein involved are dis-
closed in the following U.S. Pat.: No. 2,613,582; No.
1,948,167; No. 2,032,382; No. 2,178,077, No.
2,270,309; No. 2,373,430; No. 2,379,763; No.
3,396,579; No. 2,410,273; No. 2,416,401; and No.
2,425,655. '

SUMMARY OF THE INVENTION

As hereinabove described, the present invention pro-
vides a new slit trench-forming apparatus of the type
utilizing a blade adapted to oscillate in a lateral arc
about its vertical axis, the present invention being an
improvement upon the trench former disclosed in co-
pending application Ser. No. 732,970, and the stream-
lined continuation application substituted therefor
dated Aug. 5, 1970.

More specifically, the principal object of the present
invention is to provide a new and unique blade-
oscillating mechanism which can be aligned with and
attached directly to the power take-off shaft of the trac-
tor or other pulling vehicle, in contrast to the complex,
offset chain drive mechanism used in said prior oscillat-
ing-type trench former, or which improved drive as-
sembly can be readily operatively connected to a sepa-
rate power means such as a gas, electric, or hydraulic
motor. The present assembly is not only more efficient-
and durable than said earlier oscillating trench former,
but provides a mechanism wherein destructive vibra-
tions are reduced to a minimum, thereby substantially
lessening the wear on the structural components as well
as promoting the comfort of the operator and reducing
the possibility of damage to the pipe or cable being laid.

A more specific object of the present invention is to
provide an improved oscillating blade drive mechanism
characterized by a rotatable shaft aligned with and con-
nected directly to the power take-off shaft of the pull-
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ing vehicle (or to a separate prime mover) and having
an eccentric stud or pin on the end thereof affixed to
a block carried in and adapted to laterally reciprocate
a scotch yoke assembly during the rotation of said
driven shaft and block members, there being connect-
ing means associated with said yoke designed to trans-
mit said lateral reciprocating motion to the trench-
forming blade to cause the latter to oscillate within a
prescribed arc, and with a minimum of vertical move-
ment and undesired vibration.

Further objects of the present ivnention are to pro-
vide a slit trench-forming apparatus featuring a new
and improved drive mechanism, as described, which
apparatus is more rugged and durable than its prede-
cessors, which is more efficient and reliable in opera-
tion, which is relatively simple in design and construc-
tion, and which is otherwise partlcularly well adapted
for its intended purposes.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings, wherein the same ref-
erence numerals designate the same or similar parts in
all of the views:

FIG. 1 is a simplified diagrammatic view of the
trench-forming blade and blade-oscillating yoke mech-
anism illustrating the rotatable yoke actuating block in
its normal, raised and centered position, and showing
said blade in a corresponding straight, centered posi-
tion, said diagrammatic view showing the yoke assem-
bly in front elevation and the blade therebelow in top
plan view in order to clearly demonstrate the coaction
and corresponding positions of said members;

FIG. 2 is a similar simplified diagrammatic view
showing said yoke shifted to the left of its centered po-
sition, and illustrating the corresponding laterally-
pivoted position of the trench-forming blade;

FIG. 3 is a similar diagrammatic view illustrating the
rotatable yoke-actuating block in its lowered, centered
position, and with the blade in a corresponding straight
position;

FIG. 4 is another diagrammatic view illustrating the
yoke-actuating block rotated to shift said yoke laterally
to the right of the center line, and showing the blade in
a corresponding laterally-pivoted position;

FIG. § is a transverse sectional view of the trench-
forming blade, looking downwardly toward the ground,
showing said blade pivoted to its extreme lateral posi-
tions and showing the slit trench formed thereby;

FIG. 6 is a simplified fragmentary exploded perspec-
tive view of the blade and the principal components of
the blade oscillating mechanism; and

FIG. 7 is a more complete and detailed exploded per-
spective view of the blade and drive mechanism fea-
tured in the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now more particularly first to FIG. 7 of the
drawings, illustrating the complete drive assembly com-
prising the present invention, the numeral 10 desig-
nates a housing which is designed to be mounted on a
chassis (not shown) connectible to a tractor or other
suitable power-driven pulling vehicle. Said housing in-
cludes an opening 12 in its top and an upwardly-
projecting cylindrical bearing housing 13 mounted
thereover adapted to accommodate the upper end of a
vertically-disposed driven shaft 39 employed in the
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present structure, as will be more fully described here-
inafter.

The housing 10 also has an opening 16 in its forward
wall adapted to be covered by a plate assembly 17
bolted thereto having a circular central opening 18.
Carried within said housing and projecting through said
front plate opening 18 is a shaft 20 having a plurality
of rings, bearings, and sealing members 19, etc. encir-
cling the same. In accordance with the present inven-
tion said shaft 20 is adapted to be aligned with and con-
nected to the power take-off shaft of the pulling vehicle
(not shown) or to a separate prime mover such as a gas,
electric, or hydraulic motor, and the inner end of said
rotatably-driven shaft 20 has an eccentric pin or stud
21 of lesser diameter projecting from the inner end
thereof at a point spaced radially outwardly from the
longitudinal axis of said shaft. Said stud 21 is fitted
within a circular opening 23 in a block 22, there being
lubricating sealing rings, bearings, etc. 24 interposed
therebetween.

Said block 22 is closely vertically slidably fitted
within the rectangular opening 27 in a scotch yoke
member 26 carried in the housing 10, and extending
from the top and the bottom of said yoke are cylindri-
cal studs 28, 29, respectively, projected into openings
34 formed in upper and lower bracket-like arm mem-
bers 32, 33, which arm members are designed to swing
or oscillate in a horizontal arc in response to sideways
motion of said yoke member, as will be more fully de-
scribed. Said stubs 28, 29 on the top and bottom of the
yoke are rotatably journalled in said bracket arm open-
ings 34 by means of bushings 36 or the like so that as
said arm members oscillate, as described, said yoke will
not turn therewith, but, rather, remains in a fixed plane
relative to the rigid block 22 carried therein.

Interposed between said upper and lower arm mem-
bers or brackets 32, 33 is a spacer sleeve 38 through
which the aforementioned vertical shaft 39 projects,
said shaft being provided with upper and lower serrated
portions 40, 41 encircling the same and designed to fit
within and mesh with corresponding serrated openings
35 in the aforementioned arm members 32, 33 in a
manner whereby the horizontal swinging motion of said
bracket arms is imparted directly to and oscillates said
vertically-disposed shaft 39. There are a plurality of
sealing and lubricating rings, nuts, bushings, O-rings,
and lock washers 43, etc. surrounding said vertical
shaft 39, as well as the rings 24 etc. surrounding the
above-described horizontal drive shaft 20, but it is to be
understood that the exact number, form, location, and
function of said elements is not a critical feature of the
inventive concept comprising the present invention,
and the invention is by no means to be limited or con-
fined to the number and arrangement of said elements
as illustrated.

It will be observed that the lower end of the vertical,
oscillating shaft 39 is provided with a flat base member
44, and the latter is rigidly bolted to a plate element 45
forming the top of the elongated trench-forming blade
46, or so-called sabre, featured in the present inven-
tion. Said blade or sabre 46:includes a back or body
portion 47 which is substantially rectangular in cross
section, and a forwardly-tapered front portion 48 ter-
minating in a leading vertical edge 49, the pivot axis of
said oscillating blade member being located at the posi-
tion designated A in FIGS. 1-5.



3,782,480

5

With reference again to FIG. 7 of the drawings, con-
nected to the back of said blade 46 in the illustrated
form of the present invention is a cable chute or guide
assembly 51 which is adapted to direct the cable, pipe,
or wire, etc. being laid into the trench formed by said
blade when the apparatus is in operation. Said cable
chute assembly is conventional in design and well
known in the art, with the exception that in the present
invention in addition to having its upper end secured by
bracket elements 11 said cable chute is attached to the
elongated blade 46 by a pair of novel and improved
connecting devices located adjacent the upper: and
lower ends of said blade. As will be seen, each of said
connecting assemblies includes a pair of spaced, aper-
tured lugs 52 projecting outwardly from said chute
member and aligned, spaced lugs 53 projecting from
the back face of the blade, there being a connecting bar
54 adapted to fit between said lugs and having aper-
tures therethrough alignable with said lug apertures
through which bolts 55 or the like are projected to join
said members. The result is a non-rigid connection
which permits a certain amount of movement or “‘play”
between said cable chute and blade members in order
to minimize the transmittal of vibrations from the blade
to said chute, thus reducing the possibility of the pipe
or cable being damaged during installation. In lieu of
the illustrated cable chute mounting it is also possible
to rigidly or pivotally affix the chute to the housing 10,
or other portion of the chassis, and allow said chute to
extend downwardly into the trench behind the blade 46
without any connection to said blade, thereby eliminat-
ing even the minimal vibration transmitted through the
connecting bars 54, In other words, the exact mounting
arrangement of the cable chute 51 relative to the
trench-forming blade 46 is not a critical feature of the
present invention and can be varied as desired without
departing from the spirit and intended scope of said in-
vention.

The operation of the novel and improved blade-
oscillating mechanism featured in the present trench-
forming apparatus will now be described.

Referring to FIGS. 1-4 of the drawings, when the ro-
tatable input shaft 20 which is operatively connected
directly to the power take-off shaft of the tractor or
other pulling vehicle or to a separate engine or the like,
as described, is in its normal position the offset or ec-
centric pin 21 thereon, together with the block 22 jour-
naled on said pin, is in a raised, centered position rela-
tive to the scotch yoke member 26 within which said
block 22 is vertically slidably fitted. As is illustrated in
FIG. 1 (which, like FIGS. 2-4, is a simplified diagram-
matic view showing said yoke and drive shaft assembly
in front elevation and the trench-forming blade 46 in
top plan view in order to clearly illustrate the relative
positions of said members during the operation of the
machine) when said eccentric 21 and attached block
22 are in said centered position within the yoke 26 the
blade 46 is also in a straight, centered position, siad
blade being connected to said yoke by means of the
vertical shaft 39 and interconnected plate members 44,
56 (FIGS. 6 and 7), as hereinabove described.

With reference now to FIG. 2, the driven shaft 20 ro-
tates in a counterclockwise direction in the illustrated
form of the invention (although it can, of course, be de-
signed to rotate in either direction), and as said input
shaft turns 90° the eccentric stud 21 projecting there-
from assumes the laterally offset position shown, rela-

20

25

40

45

6

tive to the longitudinal axis of said shaft, thereby caus-
ing the block 22 thereon to rotate in a corresponding
laterally offset manner relative to the axis of the drive
shaft 20. The result is that said block 22 forcibly urges
the yoke 26 laterally to the left of its original, centered
position, which shifting or movement of said yoke is
permitted by the horizontally swingable bracket arm
members 32, 33 in which the yoke top and bottom
studs 28, 29 are mounted. As will be observed, as said
yoke shifts laterally as illustrated in FIG. 2, the blade
46 is caused to simultaneously swing a corresponding
distance about its pivot point A.

As shown in FIGS. 3 when the drive shaft 29 rotates
another 90° the pin 21 thereon is again centered, in a
lowered position, and the block 22 thereon urges the
yoke 26 back to its centered position relative to the axis
of said drive shaft 20, and the trench-forming blade 46
is pivoted therewith to the straight position illustrated.

As said drive or input shaft 20 continues to rotate an-
other 90°, as shown in FIG. 4, the offset stud or pin 21
causes the block 22 thereon to forcibly urge the yoke
26 to a laterally offset position to the right of its normal
center line, thus pivoting the blade 46 to the right a cor-
responding distance. The continued rotation of said
shaft 20 to complete one full revolution returns said
members to their original, centered positions, as illus-
trated in FIG. 1. It is to be understood, of course, that
during the operation of the machine said shaft 20 ro-
tates at a high rate of speed, thus causing the rapid piv-
otal or oscillating movement of said yoke and con-
nected blade members. As mentioned, the direction of
rotation of said shaft 20 is not critical, and the rotation
of said shaft in either direction will provide the same
blade motion. In actual practice in the preferred form
of the invention said blade is ordinarily designed to os-
cillate through an arc of about 17%° at speeds up to
400 cycles per minute, although this can be varied as
desired, or as required for the particular machine, of
course. Similarly the size of said blade 46 is dependent
upon the particular type of cable or pipe being laid, and
neither is the invention to be limited in this respect.

In the use of the present invention a hole is frequently
initially dug in the earth by any suitable means to the
depth of the desired slit trench and the blade or sabre
46 is inserted therein in a substantially vertical position,
and the drive mechanism is actuated, although the
blade in the present invention is capable of cutting into
the earth to form a trench without the necessity of first
digging a hole into which said blade is inserted, and the
invention may be so employed. A variety of mecha-
nisms can be utilized for raising and lowering said blade
relative to the ground, as is well known in the art, and
the invention is not to be confined in this respect.

As best appears in FIG. 5, as said blade member 46
oscillates at high speed between the full and broken
line positions illustrated in said view the forward blade
portion 48 functions to loosen and urge the earth later-
ally relative thereto to form a trench 57, and the con-
tinued action of said blade forward portion in conjunc-
tion with the simultaneous oscillation of the wider,
rearward or heel portion 47 of said blade effectively
compacts the dirt against the side walls of said trench
57 as the unit is drawn through the earth by the tractor
or other pulling vehicle, said blade heel portion 47
functioning to increase the width of the trench to the
desired size, and the uniform shape of said blade
throughout its height ensuring that the earth is com-
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pressed the same amount at every elevation within the
trench. As described, one of the advantages of the pres-
ent apparatus, as compared to prior trench formers of
the type using a vertically-reciprocable blade, is that
with the present invention the walls of the trench are
so firmly compacted by said laterally-oscillating blade
that there is virtually no likelihood of the same crum-
bling prior to the laying of the pipe or cable in said
trench, thereby facilitating and promoting the proper
installation of said cable or pipe or the like.

One of the principal advantages of the present mech-
anism, of course, in comparison to prior trench formers
utilizing a vertical reciprocating action, and in compar-
ison to the horizontally-oscillating blade assembly dis-
closed in the aforementioned co-pending patent appli-
cation of Albam M. Vik, is that the present invention
reduces vibrations to an absolute minimum. The result
is that the invention not only promotes and extends the
useful life of the structural components of said appara-
tus, but greatly increases the comfort of the human op-
erator, as well as said vibration reduction minimizing
the possibility of damage to the pipe or cable as it is in-
stalled in the trench.

From the foregoing detailed description it will be
seen that the present invention comprises an improved
slit trench-forming apparatus which is a definite ad-
vancement in the art. It is to be understood, of course,
that while one preferred embodiment of the present in-
vention has been illustrated and described herein, vari-
ations or modifications thereof may well occur to those
having skill in this art. It is contemplated, for example,
that in lieu of having said trench-forming apparatus
conveyed over the ground, and powered by a tractor or
other pulling vehicle as described, said trench-former
could be mounted on its own mobile carriage and pow-
ered by a trailing prime mover of a suitable type, or
other variations could be utilized to accomplish the
same basic function. In short, what is intended to be
covered herein is not only the illustrated form of the
present invention but also any and all variations or
modifications thereof as may come within the spirit of
said invention.

What I claim is:

1. A slit trench-forming apparatus comprising: means
for connecting said apparatus to-a power-driven vehi-
cle; a rotatable input drive shaft drivably connectible at
its outer end to a power source and having an inner
end; a block mounted eccentrically on the inner end of
said input drive shaft; a laterally-movable scotch yoke
having an opening in which said eccentric-mounted
block is vertically movably mounted; an elongated
trench-forming blade mounted for oscillation on a ver-
tical axis and adapted to project downwardly into the
ground; and means drivably connecting said scotch
yoke to said trench-forming blade in a manner whereby
when said input drive shaft rotates the eccentric-
mounted block thereon causes lateral sideways recipro-
cating movement of said yoke which is transmitted to
said blade to cause the latter to oscillate about a fixed
axis in a predetermined lateral arc which compacts the
earth on both sides thereof to form a trench as said
blade is urged forwardly through the ground by said ve-
hicle.

2, The slit trench-forming apparatus recited in claim
1 wherein said means drivably connecting said scotch
yoke to said trench-forming blade comprises: bracket
arm means connected to said yoke and adapted to os-
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cillate in a horizontal arc in response to lateral recipro-
cating movement of said yoke; a substantially vertical
driven shaft connected to said bracket arm means and
adapted to oscillate therewith about a fixed axis; and
rigid connecting means drivably connecting the upper
end of said blade to the lower end of said driven shaft.

3. The slit trench-forming apparatus recited in claim
2 wherein said driven shaft is provided with peripheral
serrations and wherein said bracket arm means is pro-
vided with an opening through which said vertical shaft
projects which bracket arm opening is provided with
mating serrations adapted to mesh with and impart said
oscillating motion of said bracket arm means to said
vertical shaft.

4. The slit trench-forming apparatus recited in claim
3 wherein said bracket arm means comprises a pair of
vertically spaced bracket arms, one being positioned
above and connected to the top of said yoke member
and the other being positioned below and connected to
the bottom of said yoke member, said vertical, driven
shaft extending through aligned openings in said spaced
bracket arms.

5. The trench-forming apparatus recited in claim 4
wherein said yoke member is provided with studs pro-
jecting from the center portion of the top and bottom
thereof which studs are rotatably journaled in said
upper and lower bracket arm members in a manner
whereby said bracket arms can oscillate in a predeter-
mined arcuate path while said yoke member recipro-
cates in a lateral plane.

6. The slit trench-forming apparatus recited in claim
1 and having a cable chute member attached:to said
blade.

7. The slit trench-forming apparatus recited in claim
1 wherein said rotatable input shaft is alignable with
and directly connectible to a power take-off shaft on
said vehicle.

8. A slit trench-forming apparatus, comprising: a
chassis; an input drive shaft carried by said chassis and
rotatably drivably connected at its outer end to a power
source and having an inner end; an eccentric pin pro-
jecting from the inner end of said rotatable input shaft,
said pin being spaced radially outwardly from the longi-
tudinal axis of said shaft; a block journaled on said pin;
a laterally movable scotch yoke having an opening in
which said eccentric block is closely vertically movably
mounted; a stud projecting from the central portion of
both the top and bottom of said scotch yoke; a substan-
tially vertical driven shaft having spaced peripheral ser-
rated portions; a pair of swingable bracket arms sur-
rounding said driven shaft having a pair of serrated
openings therein adapted to drivingly mesh with the
serrations in said vertical shaft, and said bracket arms
having openings therein within which said yoke upper
and lower studs are rotatably journaled; and an elon-
gated substantially vertical trench-forming blade rigidly
secured to and extending downwardly from the lower
end of said vertical shaft, said blade including a body
portion of generally rectangular cross-section and a
forwardly-tapered front portion terminating in a lead-
ing vertical edge, said blade being adapted to oscillate
laterally about a fixed vertical axis to firmly compact
the earth on both sides thereof to form a trench as said
blade is urged forwardly through the ground, said oscil-
lating blade motion resulting from the rotation of the
block on said eccentric input shaft pin causing said
scotch yoke to reciprocate back and forth and oscillate
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said interconnected bracket arms, vertical shaft, and
trench-forming blade.

9. The slit trench-forming apparatus recited in claim
8 and including an elongated cable chute member posi-
tioned in alignment behind said trench-forming blade.

10. The slit trench-forming apparatus recited in claim
9 and including means for attaching said cable chute to
said blade, comprising: pairs of vertically-spaced lugs
projecting forwardly from both the upper and lower
portions of said chute member, said lugs having aligned
apertures therethrough; pairs of similar, aligned aper-
tured lugs projecting rearwardly from the back face of
said trench-forming blade; a straight bar member ex-
tending between each of said pairs of spaced lugs, said
bar members having apertures therethrough in registra-
tion with said lug apertures; and bolt-like elements pro-
jected through said aligned lug and bar apertures to se-
cure said chute member to said blade in a manner per-
mitting a degree of movement therebetween.

11. The slit trench-forming apparatus recited in claim
9 wherein said chute member is not attached to said
blade.

12. In a slit trench-forming apparatus adapted to be
transported over the ground and having a vertically dis-
posed elongated trench-forming blade adapted to ex-
tend down into the earth mounted for lateral oscillation

20

25

30

35

40

45

50

55

60

65

10

about a generally vertical axis within the blade and said
apparatus having a rotatable input drive shaft, the im-
provement comprising means between said input drive
shaft and blade which includes scotch yoke mechanism
for causing said lateral oscillatory movement of the
blade in a manner minimizing vibration, there being a
stem projecting upwardly from the blade having verti-
cally spaced horizontally-disposed arms rigidly con-
nected thereto, and the scotch yoke mechanism includ-
ing a yoke pivotally mounted on an upright pivot axis
between outer portions of said arms, said scotch yoke
mechanism also including a slot in said yoke and a
block slideably mounted in said slot, and there being
means between the input drive shaft and block for
causing orbital movement of the block in a generally
upright plane.

13. A slit trench-forming apparatus as defined in
claim 12 in which there is an eccentric pin on the input
drive shaft rotatably engaged with said block for caus-
ing said orbital movement of the block.

14. The slit trench-forming appratus as defined in
claim 13 in which said pin projects from an end of the
input drive shaft and is eccentric with respect to the

axis of rotation of the shaft.
* £ 3 * * %



