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Pavement planing machine

The invention relates to a material working
machine and, more particularly, to a working
machine for removing pavement from a road
bed.

When resurfacing a road, it is often desirable
to remove the existing pavement in order to
maintain the original grade and/or recycle the
pavement material in the case of asphalt. There
are a number of known procedures for re-
moving asphait pavement, all of which require
an expenditure of a great deal of time, money,
and/or effort.

One procedure is to soften the asphalt pave-
ment with a radiant heater or flame burner, and
then clean off the softened asphalt in layers
with the mold board of a road grader. The thick-
ness of each layer removed in this manner is
limited by the depth of the asphalt that can be
softened by the radiant heater or flame burner,
which is very small.

Another procedure that has been used with-
out much success is to remove the asphalt
pavement with a plurality of diamond cutting
wheels arranged on a common rotating shaft.
The experience has been that these cutting
wheels are expensive and the operation is slow.

A third procedure is to mill off the pavement
in layers with a rotating drum on which carbide
tips or teeth are mounted. In order to make a
deep cut in the pavement, a great deal of down-
ward force needs to be exerted on the drum,
which results in too many fine particles if the
asphalt is to be recycled.

Still another procedure is to use sonic energy
to cut into pavement. As described in U.S.
Patent 3232 669, a sonic vibration generator is
coupled to the upper end of an essentially
vertical beam or bar having pavement-
engaging teeth or serrations formed at its lower
end. The vibration generator supplies energy to
the beam at its resonant frequency, and the
vibrating teeth at the lower end of the beam cut
into the pavement. Other similar machines
are described in U.S. Patents 1535411,
3367 716,3437 381 and 3770 322.

Material working machines of the above-
mentioned type tend to lose their ability to
properly transmit their resonant energy in the
form of short force impulses to the tool as soon
as the tool meets an immovable or hard object.

The invention as claimed is intended to pro-
vide a remedy.

In normal operation the tool advances inter-
mittently along a work path through a material
responsive to the continuous unidirectional
tractive force and their reciprocating force.
According to the invention, a gap is held be-
tween the neutral output position of the
resonant force transmitting member and the
tool when the tool is unable to advance through
the material. The gap provides for proper trans-
mission of the reciprocating force and protects
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the tool driving apparatus from destruction. The
protective gap is established by using a
resonant member which provides for a suf-
ficiently large reciprocating force to overcome
the unidirectional tractive force and drives the
working machine as a whole back if the tool
meets an immovable or hard object. Therefore,
cessation of resonance is prevented for all
possible modes of operation.

The features of a specific embodiment of the
best mode contemplated of carrying out the
invention are illustrated in the drawings, in
which:

FIG. 1 is a side elevational view of tool
driving apparatus embodying the present inven-
tion and especially arranged to cut or shear hard
material such as asphalt or concrete;

FIG. 2 is a top plan view of the front of the
apparatus of FIG. 1;

FIG. 3 is a fragmentary enlarged side view of
the material cutting assembly of the apparatus
with portions broken away to show interior de-
tails;

FIG. 4 is a fragmentary cross-sectional view
taken along line 4—4 of FiG. 3;

FIGS. 5BA—5C are diagrammatic views of the
too! and its drive mechanism in different stages
of operation;

FIG. 6 is a graph showing the relationship of

time and displacement of the tool and drive

mechanism in the various operational stages
shown in FIGS. BA—5C;

FIG. 7 is a front elevation view of part of the
apparatus of FiG. 1;

FIG. 8 is a fragmentary cross-sectional view
taken along line 8—8 of FIG. 3, omitting the
structure between the resonant beams;

FIG. 9 is a side elevation view of the cutting
assembly support frame of the apparatus of
FIG. 1;

FIG. 10 is a front elevation view of the
support frame of FIG. 9; and

FIG. 11 is a top plan view of the support
frame of FIG. 9.

Specifically, the tool can take the form of a
cutter blade having an elongated cutting edge
arranged to engage concrete or other material
to be removed at a controlled angie and at a
controlled depth, and having a transverse dis-
position so that, upon energization, a swath of
predetermined width can be simultaneously re-
moved. The cutter blade is mounted from a
powered and steered mobile frame for recipro-
cating motion, which mounting preferably con-
stitutes a pivotal support for the cutter blade so
that it moves arcuately first in a forward cutting
direction and then rearwardly. The point of
pivotal support is in advance of the cutting edge
in the direction of cutting so that such pivotal
motion is directed angularly downward into the
material which is to be cut or severed, and at an
angle which will vary dependent on the hard-
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ness and other mechanical properties of the
material, and which can be adjusted to optimize
the operation.

Force impulses are delivered cyclically to the
pivotally supported cutter blade by recipro-
cating drive means, which on its forward stroke
engages and drives the cutter blade into the
material and thence withdraws preparatory to a
subsequent driving stroke, forming a gap
between the cutter blade and the drive means.
Forward motion of a mobile supporting frame
generates a tractive force which tends to close
the gap in a fashion such that the reciprocating
drive means is brought into contact with the
cutter blade after the former's speed (and
momentum) approaches a maximum in the for-
ward or cutting direction. Thus, the drive means
is in driving contact with the cutter blade itself
for less than 180° of any given cycle.

The drive means takes the form of a resonant
force transmitting member powered by a sonic
generator or oscillator incorporating the general
principles embodied in the unit shown and
described in the aforementioned patent. How-
ever, the resonant member constitutes a gener-
ally upright beam mounted by a resilient tire at
its upper node position to accommodate
“pseudo-nodes’” generated during operation. An
additional rigid member engages the beam at its
lower node position to support and maintain the
desired beam disposition. The sonic generator is
connected to the resonant beam at its upper
end and preferably includes multiple eccentric
weights mounted in spaced relation with a
multiplicity of bearings on a common shaft so
that the requisite force may be generated while
minimizing the shaft diameter, and the periph-
eral speed and wear of the bearings because
of the distribution of the bearing loads. The
lower end of the beam lies adjacent the cutter
blade to deliver the force impulses in sub-
stantial alignment with the cutting direction.

The input force generated by the sonic
generator is greater than the described tractive
force resultant from the forward motion of the
powered mobile supporting frame, and as a
consequence, there is no possibility for clamp-
ing of the beam end against the cutter blade
{and the engaged material), which would stop
the resonant actuation and permit the vibratory
action of the sonic generator to be applied in a
harmful fashion to itself and the supporting
frame members.

Obviously, the same force imbalance
principle can be applied to other tools such as
mentioned, with the same critical and ad-
vantageous effect. In each case, however, it is
important that the sonic generator provide an
input force greater than that of a continuing
tractive effect or its equivalent force tending to
close the gap.

With initial reference to FIGS. 1 and 2, a
material cutting assembly generally indicated at
10 is mounted at the front of a mobile carrier 11
which includes forward and rearward frame sec-
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tions 12, 14, each supported by two rubber-
tired wheels 16, 18, the two frame sections
being connected by a vertical pivot pin 20
which enables articulation of the frame sec-
tions for purposes of steering. Material cutting
assembly 10 is specifically designed to cut
asphalt or concrete pavement as found on
streets, roads, and highways.

A steering wheel 22 is mounted forwardly of
a driver’s seat 24 on the front section 12 of the
frame and is arranged to energize, upon turn-
ing, a hydraulic ram 26 pivotally joining the
frame sections 12, 14 so as to effect articula-
tion thereof and consequent steering. A
hydraulic pump 30 is mounted on the rear sec-
tion 14 of the frame, and driven by an internal
combustion engine 32, Fluid from a hydraulic
reservoir 28 is driven by pump 30 through suit-
able hydraulic conduits (not shown) to hydraulic
ram 26.

The engine 32 also drives a second hydraulic
pump 34 which is hydraulically connected to
hydraulic motors 35 to drive the wheels 16 on
the front. frame section 12 and the wheels 18
on the rear frame section 14, thus to provide
motive power for the entire mobile carrier 11 in
a generally conventional fashion. As will be
understood, the motive power delivered to the
wheels will urge the front-mounted cutting
assembly 10 against material being cut with a
certain tractive force which, for cutting a 2 m
(six-foot) swath of concrete or asphalt, should
vary for example between 250,000 and
300,000 kN (5,000 and 60,000 pounds),
depending upon the material resistance and
vehicle speed. Assuming the weight of the
vehicle and its load, i.e. material cutting
assembly 10 and mobile carrier 11, is
350,000 kN (75,000 pounds), the maximum
tractive force, i.e. motive power delivered to the
wheels, must be less than the weight of the
vehicle and its load, e.g., about 300,000 kN
{60,000 pounds), to prevent slippage of wheels
16 and 18. As is well known in the art, the
maximum- tractive force of the vehicle depends
upon the friction between the wheels and the
surface on which it moves.

Material cutting assembly 10 is symmetrical
about a center plane in the direction of move-
ment, i.e., parallel to the plane of FIG. 1. Many
of the elements on the right side of the center
plane, as viewed from the front, i.e., the left in
FIG. 1, which are identified by unprimed
reference numerals, have counterparts on the
left side of the center plane, which are identified
by the same reference numerals primed.

in order to mount the mentioned material
cutting assembly 10, a pair of laterally-spaced
parallelogram units 36, 36’ extend forwardly
from the forward frame section 12. More
particularly, the parallelogram units 36, 36’
include parallel upstanding legs 38, 38
pivotally connected at their lower extremities to
the central portion of a fixed transverse shaft 40
on the front frame section 12 and pivotally
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joined at their upper extremities to the rear ends
of forwardly projecting legs 42, 42'. These for-
wardly projecting legs 42, 42' are pivotally
joined at laterally-spaced positions (see FIG. 2}
to a generally triangular cutting assembly sup-
port frame 44. As shown in FIGS. 9 through 11,
cutting assembly frame 44 comprises spaced
apart, upright support beams 46, 46', spaced
apart, forwardly projecting support beams 47,
47', struts 45, 45', and cross beams 49, 51,
and 53. Downwardly and forwardly angled stop
mounts 57, 57’, are formed near the bottom of
upright support beams 46, 46'. At its ends,
cross beam 51 is attached, for example by
welding, to the top of support beams 46, 46,
and the back of support beams 47, 47'. At the
front of support beams 47, 47’ are formed
vertically flared bracket mounts 53, 59'. Cross
beam 53 is connected between flared bracket
mounts 59, 59’ and is attached thereto, for
example, by welding. An upwardly and for-
wardly extending platform support beam 61 is
attached, for example by welding, to the middle
of the cross beam 53. A platform 65 having
mounting blocks 89 is attached to the upper
end of support beam 61, for example, by
welding. Struts 45, 45’ are connected between
beams 47, 47’ near the front, and beams 46,
46’ near the bottom and are attached thereto,
for example, by welding. Cross beam 49 is con-
nected between support beams 46, 46’ near
the bottom and is attached thereto, for example,
by welding. Pairs of rectangular brackets 75,
75’ are attached, for example, by welding to
the sides of flared bracket mounts 59, 59'.
Support beams 46, 46’ and cross beams 49
and 51 are made of solid steel so their mass per
unit length is as large as possible. Support
beams 47, 47’, including bracket mounts 59,
59', struts 45, 45', and cross beam 53 are
hollow so their mass per unit length is as small
as possible. Consequently, the resultant center
of gravity of cutting assembly frame 44 is rear-
wardly located near support beams 46, 46'.
Support beams 46, 46’ form the forward up-
right legs of the parallelogram units 36, 36'.
Lower and outwardly curving legs 48, 48’ are
pivotally connected at their opposite extremities
to the lower ends of the support beams 46, 46’
and the previously described shaft 40, thus
completing the two parallelogram units 36, 36’.
Brackets 80, 80’ are attached to cross beam
51, for example, by welding. Forwardly pro-
jecting legs 42, 42' are connected to brackets
80, 80’ by pivoting links 84, 84' (FIG. 1). Pairs
of brackets 85, 85’ are attached to upright sup-
port beams 46, 46’, for example, by welding.
Qutwardly-curving legs 48, 48’ are connected
to bracket pairs 85, 85’ by pivot pins 87, 87'.

A powered hydraulic ram 50 is pivotally
secured between the forward frame section 12
and the rear upright legs 38, 38’ of the
parallelogram units 36, 36’ to enable powered
variation of the parallelogram disposition and
accordingly the angular disposition of the
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cutting assembly 10. Additional powered
hydraulic rams 52, 52’ pivotally joined to the
top of the frame section 12 and the lower
generally horizontal legs 48, 48’ of the
parallelogram units 36, 36’ enable sub-
stantially vertical adjustment of the cutting
assembly.

The cutting assembly frame 44 supports a
pair of resonant beams 54, 54’ in the form of
angularly upright parallel resonant beams com-
posed of solid steel or other elastic material.
Resonant beams 54, 54’ are approximately
parallel to struts 45, 45’. A sonic generator in
the form of a pair of synchronized orbiting mass
oscillators 56, 56’ is secured by bolts or the like
to the upper extremity of each resonant beam
and generally incorporates the principles of an
orbiting mass oscillator of the type shown in
either United States Patent No. 2,960,314 or
United States Patent No. 3,217,551, (The dis-
closures of these patents are incorporated fully
herein by reference.) Orbiting mass oscillators
56, 56’ are driven by a suitable hydraulic motor
58, that is energized through suitable hydraulic
conduits (not shown) from a third hydraulic
pump 60 driven by the previously described
engine 32. In order to maximize the resonant
power yet provide an extensive useful life, each
orbiting mass osciilator 56, 56, as best shown
in FIGS. 3 and 4, includes a shaft 62 driven by
the hydraulic motor 58 and supported at several

‘axially spaced positions by bearings 64 in a

generator housing 66. A plurality of eccentric
weights 68 and 79 are carried by the shaft 62
adjacent to the bearings 64 so that their load on
the shaft and the bearing loads are distributed.
Preferably, the eccentric mass of the centrally
located weight 68 is twice as large as periph-
erally located weights 79; thus, the load on
each of bearings 64 is approximately the same.
The shaft can be relatively small because of
such load distribution, and the exterior diam-
eter and thus peripheral speed of the bear-
ings can be minimized for a given power level.
Rather than bolting the sonic generator to the
beams as shown, the sonic generator housing
and the beams could be cast as a single unitin a
one-piece construction.

A drive shaft 67 is coupled by pairs of
tandemly connected universal joints 69, 69’ to
shafts 62, 62’. Drive shaft 67 is supported by
bearings 63, 63’ mounted in the sidewalls of a
protective housing 73, through which drive
shaft 67 passes. Power transmission means 71
such as a belt, chain, or gear train inside hous-
ing 73 couples hydraulic motor 58 to drive shaft
67. Lubricating oil is sprayed in housing 73 by
means (not shown) onto power transmission
means 71 and bearings 63, 63’. Seals (not
shown) outside of bearings 63, 63’ prevent the
oil spray from leaving housing 73. Protective
housing 73 is secured to mounting blocks 89
(FIGS. 9 through 11). Motor 58 is attached, for
example by boiting, to the outside of "housing
73. Fly wheels 72, 72’ are mounted on shaft 67
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outside housing 73 for the purpose of isolating
motor b8 and power transmission means 71
from transient forces exerted by oscillators 56,
56’. Housing 73 is stationary so drive shaft 67
only rotates. Resonant beams 54, 54’ recipro-
cate. Tandemly connected pairs of universal
joints 69, 6%’ permit shafts 62, 62’ to recipro-
cate with beams 54, 54’ as they are rotatably
driven by drive shaft 67

Energization of the exemplary embodiment
illustrated provides a total peak energizing input
force to the two resonant beams 54, 54’ of
570,000 kN {125,000 pounds) in the form of
sequential sonic oscillations at a frequency of
approximately 100 cycles per second, i.e., at or
near the resonant frequency of resonant beams
54, 54'. Thus, the total peak force provided by
oscillators 56, 56’ is larger than the weight of
the vehicle and its load. These force oscil-
lations, delivered to the upper end of the beam,
cause resonant vibration thereof through appro-
priate dimensional design of such beam at that
frequency so that a corresponding cyclical recip-
rocal vibration at the lower end of the beam is
derived, as shown by the arrow A in FIG. 3, pref-
erably with a total peak-to-peak displacement
of approximately 25 mm {one inch). Pairs of
weights 55, 55’ are attached, for example by
boiting, to the front and back of resonant beams

54, 54’ at the lower end to increase the .

momentum thereof. Each resonant beam 54,
54' is designed and so driven that two vibra-
tion nodes are formed thereon inwardly from its
opposite extremities, and its ends are free to
vibrate, i.e., reciprocate, and in fact do vibrate.
In summary, resonant beams 54, 54’ are driven
to form standing wave vibrations in their funda-
mental free-form mode. Each beam is carried
from the cutting assembly frame 44 at its upper
node position. However, the connection is
resilient to allow for node variations {pseudo-
nodes) during actual operation. Specifically, as
illustrated in FIGS. 3 and 4, pairs of rectangular
brackets 75, 75’ are attached, for example by
welding, to the sides of flared bracket mounts
59, 59'. Pairs of annular resilient members 74,
74' in the form of pneumatic rubber tires are
located inside pairs of cylindrical housings 77,
77'. Housing pairs 77, 77' are held on opposite
sides of resonant beams 54, 54’ by pairs of con-
necting arms 70, 70’ attached, for example by
bolting, to bracket pairs 75, 75’. Pairs of annular
resilient members 74. 74’ are mounted on pairs
of central hubs 78, 78'. Shafts 86, 86’ are press
fitted into bores 88, 88’ in resonant beams 54,
54’ at their upper node positions. Hub pairs 78,
78’ are mounted for rotation on the ends of
shafts 86, 86" by pairs of bearings 82, 82'.
Thus, resonant beams 54, 54’ are supported by
shafts 86, 86’ and are pivotable about their
axes by virtue of bearing pairs 82, 82’. In the
manner of a spring, the described pneumatic
tires, which serve as upper node supports for
resonant beams 54, 54', accommodate the
longitudinal changes in the node position
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{pseudo-nodes) resuiting from loading of the
resonant beams, when the cutter blade de-
scribed below is in engagement with a material
to be cut, sheared, or planed, and the internal
tire pressure can be changed as required to con-
trol the spring constant.

As shown in FIGS. 3 and 8, at the lower node
position, resonant beams b4, 54’ are en-
compassed by rigid metal stop members 90,
90’ at their rear, resilient rubber pads 91, 91/ at
their front, and pairs of resilient rubber pads 92,
92’ at their sides. Pad pairs 92, 92’ and pads
91, 91’ comprise pieces of rubber vulcanized on
metal mounting plates. Members 90, 90/, pads
91, 91/, and pad pairs 92, 92' are secured to
the lower end of cutting assembly frame 44.
Specifically, stop members 80, 90’ are
attached, for example by bolting, to mounts 57,
B57'. Pairs of brackets 100, 100’ are attached to
opposite sides of support beams 46, 46', for
example by bolting. Cross supports 93, 93’ are
connected between bracket pairs 100, 100/, for
example by bolting. Mounts 57, 57/, bracket
pairs 100, 100’, and cross supports 93, 93’ de-
fine rectangular openings through which the
lower portions of resonant beams 54, 54’ pass.
Pads 91, 91’ are secure to cross supports 93,
93/, for example by bolting, and pad pairs 92,
92’ are secured to the inside of bracket pairs
100, 100/, for example by bolting. Pad pairs 92,
92’ at the sides of resonant beams 54, 54’ are
spaced slightly therefrom and serve to guide the
resonant beams as they pivot about their upper
node support and reduce noise and wear. When
resonant beams 54, 54’ are at rest, they lie on
and are supported by pads 91, 91’. When
resonant beams 54, 54’ are resonating during
operation of the apparatus, their lower node is
driven up against stop members 90, 90’ by the
reaction of the material being worked upon as
shown in FIGS. 3 and 8, and remain in

" abutment with stop members 90, 90’ during

operation of the apparatus. Thus, stop members
90, 90’ serve as rigid lower node supports for
resonant beams 54, 54/. Stop members 90, 90’
and pads 91, 91’ are spaced sufficiently far
apart to enable resonant beams 54, 54’ to be
shimmed to synchronize their transfer of force
to the work tool. Specifically, shims 76, 76’ are
inserted between stop members 90, 90’ and
stop mounts 57, 57’ so the lower extremities of
resonant beams 54, 54’ in their neutral posi-
tion are both spaced precisely the same
distance from the lever arms and cutter blade
described below. Consequently, since oscil-
lators 56, 66’ run in phase and resonant beams
b4, B4’ reciprocate in phase, the lower ex-
tremities of resonant beams 54, 54’ strike the
cutter blade at the same time, ie., in syn-
chronism. As represented in FIG. 8 by the dif-
ferent thicknesses of shims 76, 76', stop
members 90, 30’ will in general have to be
shimmed to a different degree to achieve the
described synchronism, because of manu-
facturing tolerances. This is accomplished by
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the following procedure: first, one of the stop
members is shimmed; second, the cutter blade
is lowered into contact with the road surface;
third, mobile carrier 11 is driven forward to
rotate resonant beams 54, 54’ about their
upper node supports, until one of the resonant
beams contacts its stop member at the lower
node support; and fourth, the other stop
member is shimmed until the other resonant
beam contacts it. For more details about
shimming stop members 90, 90’ to syn-
chronize resonant beams 54, 54’, reference is
made to my copending application Serial
No. 916,112, filed June 16, 1978.

As shown in FIGS. 3 and 7 the material
cutting assembly 10 includes a work tool which
takes the form of an angularly-directed and
transversely-extending cutter blade 94 held in a
blade base 95. Cutter blade 94 and blade base
95 extend along the full width of the apparatus
between beams 54, 54'. In other words, cuiter
blade 94 is transversely elongated and is dis-
posed at an acute angle to the surface of pave-
ment to be cut, extending in a downward and
forward direction along a cutting plane to a cut-
ting edge that lies in the cutting plane. Cutter
blade 94 is clamped to blade base 95 by a re-
taining bar 81 that is attached to blade base 95
by bolts 83. Lever arms 96, 96’, are pivoted
about substantially horizontal pivot pins 98, 98/
on bracket pairs 100, 100’. Lever arms 96, 96’
are attached, for example by welding to the
ends of blade base 95 near resonant beams 54,
b4’ It is to be particularly observed, as clearly
shown in FIG. 3, that the cutting edge of the
cutter blade 94, when in material engagement,
lies to the rear of the pivot pins 98, 98’ so that
any movement of the cutter blade 94 in a for-
ward direction or to the left will be accom-
panied by a substantial downward force
component and thus will result in penetration
into the material being cut, without deflection of
-cutter blade 94 away from material en-
gagement. Furthermore, because the pivotal
support provides for a slight arcuate motion of
the cutter blade 94, a slight additional separa-
tion of the layer of cut material from that lying
therebelow will resuit. Thus, the cutter blade
assembly comprising cutter blade 94, blade
base 95, retaining bar 81, and lever arms 96,
96’ is pivotably supported by brackets 100,
100’ so it is adjacent to the lower extremity of
the resonant beams 54, 54'. When the beams
reciprocate, they drive the cutter blade
assembly in a forward and downward direction
or to the left, as shown in FIG. 3, and thereafter
withdraw from contact with the cutter blade
assembly in its cyclical displacement in the
opposite or rearward direction. Thus, only uni-
directional driving impulses are delivered to the
cutter blade assembly in its forward direction,
and in alignment with its cutting direction, so
the cutter blade 94 advances with a chisel-like
action.

As depicted in FIG. 7, a conveyor 97 in the
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middle of the front of assembly 10 above blade
base 95 carries material broken up by cutter
blade 94 away from the assembly, as for
example in a windrow or pile between wheels or
to a dump truck moving with the assembly. For
the sake of clarity, the driving and supporting
means for conveyor 97 are not shown. Diverters
99, 99', which extend across the front of
assembly 10 above blade base 95 on either side
of conveyor 97, are attached to brackets 100,
100'. Diverters 99, 99’ are positioned to direct
all the broken up material to conveyor 97. When
frame 44 is lifted from its operating position for
the purpose of transporting assembly 10 to a
new location, by rams 52, 52’, or by other lifting
means, blade base 85 pivots against diverters
99, 99’, or other stop means, so cutter blade 94
is raised and thus does not scrape along the
ground during transportation,

Cutter blade 94 comprises a work tool that
moves along the road surface, which comprises
the work path. Cutting assembly frame 44 func-
tions as a tool holder or carrier. Continuous uni-
directional force is applied thereto by mobile
carrier 11 in a direction paraliel to the work
path. Oscillators 56, 56’ generate a reciprocat-
ing force, at least one component of which acts
paraliel to the work path. Each resonant beam
54, 54’ comprises a force transmitting member,
its upper extremity comprising an input to which
the reciprocating oscillator force is applied, and

_ its lower extremity comprising an output from

which the reciprocating force is transferred to
the tool. The tool advances intermittently along
the work path responsive to the continuous uni-
directiongl force applied by mobile carrier 11
and the reciprocating force applied by oscil-
lators 56 and 56'.

Obviously, when the cuiter blade 94 en-
dages the material, reactive forces will be
directed thereagainst, both in horizontal and
vertical directions, and will be dependent upon
the character of the material. An angle be-
tween 45° and 55° relative to the surface of
the material has been found optimum for cut-
ting pavement to maintain the ultimate cutting
in a plane parallel to the material surface in the
direction of machine travel. In general, the
harder the material the larger the angle. Thus,
for ordinary asphalt the angle has been found to
be between 48° and 52°, for soft asphalt the
angle has been found to be between 45° and
48°, and for concrete the angle has been found
to be between 52° and 55°. The parallelogram
units 36, 36’ can be shifted by appropriate
energization of the angular adjustment ram 50
to optimize the cutting action on the material
encountered. Similarly, the cutting depth of
cutter blade 94, below the grade, i.e., surface of
the pavement, can be automatically or manually
controlled by appropriate energization of the
vertical adjustment rams 52, 52'. The pre-
viously described design of cutting assembly
frame 44, which locates its center of gravity
close to upright support beams 46, 46/, i.e.,
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nearly directly over cutter blade 94, permits the
weight of cutting assembly frame 44 to
counteract most effectively the reactive forces
exerted on cutter blade 94 by the material being
cut. This minimizes the forces and moments
exerted on parallelogram units 36, 36’ by
cutting assembly frame 44 and discourages
cutter blade 94 from moving out of engage-
ment with the material being cut.

When the beams b4, 54’ withdraw from con-
tact with the cutter blade 94 during resonant
vibration a momentary gap is formed which will
remain until a repeated forward motion of the
beams 54, 54'. To maximize the cutting force, it
has been found that contact of the beams with
the cutter blade preferably is made in the region
where maximum forward velocity (and
momentum) of the beams is approached in the
forward (cutting) direction. Since the cutter
blade 94 is in engagement with material to be
cut, the adjacent beam is urged forwardly
relative thereto, thus to close the momentary
gap at the appropriate time of the resonant
cycle.

This action, which is important to the
effective cutting of concrete, asphalt, and other
hard materials, can be explained more readily by
reference to FIGS. BA—5C wherein the various
operational dispositions of the cutter blade 94
and the resonant beams 54, 54’ are diagram-
matically illustrated in somewhat exaggerated
form for purposes of explanation.

in the time-displacement graph of FIG. 6, the
abscissa N represents the neutral position of
beams 54, 54', sinusoidal waveform S repre-
sents the reciprocating displacement of the
beam outputs about their neutral position as a
function of time, and the dashed line rep-
resents the position of the tool, i.e., cutter
blade 94, relative to frame 44 as a function of
time. For maximum force transfer, it is desir-
able for the beams to strike the tool when the
beam outputs are traveling at maximum for-
ward velocity, i.e., at the neutral position of the
beam outputs. The neutral position of the beam
outputs is their position when at rest, i.e., not
resonating or being deflected, while the beam is
in operating position, i.e., pivoted into abut-
ment with stop member S0. During operation,
as beams 54, 54' resonate, when the beam out-
puts are at their neutral position, which is repre-
sented by point A in FIG. 6, a small momentary
gap typically exists between beams 54, 54/, and
the back surface of lever arms 96, 96/, as illust-
rated in FIG. BA. As the beam outputs move
slightly forward from their neutral position to-
ward the tool, they simultaneously strike the
tool and drive it forward to perform the desired
work, i.e., cutting through the concrete or
asphalt road surface. The beam outputs remain
in contact with the tool, as illustrated in FIG. 5B,
until the beam outputs reach the forward ex-
tremity, i.e., peak, of their reciprocating excursion,
which is represented by point B in FIG. 6. This is
approximately slightly less than 90° of the
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beam reciprocation cycle. As the beam outputs
begin to move in a rearward direction on their
reciprocating excursion, a momentary. gap is
formed between the beam outputs and the tool,
which is represented by the distance between
lines D and S in FIG. 6. The continuous forward
movement of frame 44 with mobile carrier 11,
while the tool is held stationary by engagement
with the road surface, reduces the distance be-
tween the tool and the neutral position of the
beam outputs, which is represented in FIG. 6 by
the slope of line D toward line N. When the
beam outputs are moving in a rearward direc-
tion, beams 54, 54’ are spaced from lever arms
96, 96’ as illustrated in FIG. 5C. The momen-
tary gap between the tool and the beam outputs
is maximum at a point of their reciprocating
excursion slightly before the rear extremity,
which is represented by point C in FIG. 6. In
summary, during each cycle of reciprocation of
beams 54, 54’, the beam outputs contact the
tool during a short interval approaching 90° of
the beam cycle, which is represented in FIG. 6
by the distance along waveform S between
points X and Y. During the remainder of each
cycle, the beam outputs are out of contact with
the tool, which is represented in FIG. 6 by the
distance along line D between points B and X.
As previously indicated, the most efficient trans-
fer of force from the beam outputs to the tool
occurs with a contact interval approaching 90°
of the beam cycle. To achieve this contact inter-
val, the speed of mobile carrier 11 is adjusted
accordingly to the stroke of the beam outputs,
i.e., their peak to peak amplitude. The larger the
stroke, the faster the speed of mobile carrier 11.

Although the invention is illustrated in a
machine for cutting concrete or asphalt road
surfaces, it could be incorporated into any
number of material working machines such as a
coal planar, timber shearer, a bulldozer, a front
end loader, a rock ripper, or a shovel bucket. [n
each case, an appropriate tool is empioyed. In
the case of a shovel bucket, the continuous uni-
directional force would be the closing force, i.e.,
line pull, of the bucket, which is continuous over
the intervals of time in which the bucket is
closing and is interrupted while the bucket is
carrying its load. from place to place. In general,
the invention is applicable to any type of
material working function wherein a tool is
advanced through the material to perform the
desired work. The invention can be practiced
with other types of force transmitting members,
for example, nonresonant members vibrating in
a forced mode. In any case, the gap prevents the
oscillator force from being transferred self-
destructively back through the force trans-
mitting member.

Claims
1. Material working machine, comprising a

tool (94, 96) that is mounted on a frame struc-
ture (44) for reciprocal motion, means (32) for
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moving the machine in a forward direction by
application of a unidirectional tractive force and
a resonant member (54) mounted on the frame
structure (44), having an input (62) and an
output (55) that reciprocates about a neutral
position to intermittently strike the tool (94, 96)
characterised in that the input (62) of the
resonant member (54) receives a reciprocating
force that is sufficiently large to overcome the
unidirectional tractive force acting on the tool
(94, 96) and to drive the working machine as a
whole back if the tool (94, 96) meets an immov-
able and/or hard object, thereby establishing a
protective gap between the neutral position of
the output (55) of the resonant member and the
tool (94, 96).

2. Material working machine according to
claim 1, characterised in that the resonant
member (54) has at least one node where it is
attached to the frame structure (44).

3. Material working machine according to
claim 1 or 2, characterised in that the resonant
member includes at least one force trans-
mitting beam (54).

4. Material working machine according to
claim 3, characterised in that there are two
resonant beams (54) which are adapted to pro-
vide gaps of precisely the same size.

5. Material working machine according to
one of claims 1 through 4, characterised in that
the tool is an elongated cutter blade (54) which
is disposed at an acute angle in forward direc-
tion between 45° and 55° to the cutting plane.

Revendications

1. Machine a travailler des matériaux, com-
prenant un outil (94, 96) qui est monté sur un
chéssis (44) pour effectuer un va-et-vient, des
moyens {32) pour déplacer la machine vers
I'avant en appliquant une force de traction uni-
directionnelle et un élément de résonance (54)
monté sur le chlssis (44), comportant une
entrée (62) et une sortie (55) qui va et vient au
voisinage d'une position neutre pour heurter
'outil {94, 96) par intermittence, caractérisée
en ce que lentrée (62) de l'élément de
résonance (54) regoit une force alternative qui
est suffisamment importante pour surmonter la
force de traction unidirectionnelle agissant sur
outil {94, 96) et pour entrainer la machine de
travail comme un tout vers |'arriére si |'outil (94,
96) rencontre un objet immobile et/ou dur, dé-
limitant ainsi un intervalle de protection entre la
position neutre de la sortie (55) de I'élément de
résonance et l'outil (94, 96).

2. Machine a travailler des matériaux selon la
revendication 1, caractérisée en ce que l'éié-
ment de résonance (54) comporte au moins un
noeud ou il est fixé au chassis (44).

3. Machine 3 travailler des matériaux selon la
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revendication 1 ou 2, caractérisée en ce que
I'élément de résonance comporte au moins une
poutrelle (54) de transmission de force.

4. Machine a travailier des matériaux selon la
revendication 3 caractérisée en ce qu’ il y a deux
poutrelles de résonance (54) qui sont concues
pour former des intervalles ayant précisément la
méme dimension.

5. Machine a travailler des matériaux selon
l'une des revendications 1 & 4, caractérisée en
ce que l'outil est une lame de couteau allongée
{54) qui est disposée selon un angle aigu vers
"avant, entre 45° et 55° par rapport au plan de
coupe.

Patentanspriiche

1. Materialbearbeitungsmaschine mit einem
oszillierend beweglich auf einem Rahmenwerk
(44) gelagerten Werkzeug (94, 96), einer Ein-
richtung (32) zum Bewegen der Maschine in
Vorwdrtsrichtung durch Auslibung einer ein-
seitig gerichteten Vortriebskraft und einem auf
dem Rahmenwerk {44) gelagerten resonanten
Teil (54) mit einem Eingang (62) und einem
Ausgang (55), welcher zum intermittierenden
Beaufschlagen des Werkzeugs (94, 96) un eine
Neutralstellung herum  oszilliert, dadurch
gekennzeichnet, dal® der Eingang (62) des
resonanten Teils (54) von einer oszillierenden
Kraft beaufschlagt ist, welche stark genug ist,

. die auf das Werkzeug (94, 96) einwirkende, ein-

seitig gerichtete Vortriebskraft zu iberwinden
und die Maschine insgesamt rlickwarts zu be-
wegen, wenn das Werkzeug (94, 96) auf einem
unbeweglichen und/oder harten Gegenstand
auftrifft, und dadurch einen schiitzenden
Zwischenraum zwischen der Neutralstellung
des Ausgangs (55) des resonanten Teils und
dem Werkzeug (94, 96) zu schaffen.

2. Materialbearbeitungsmaschine nach An-
spruch 1, dadurch gekennzeichnet, dalR das
resonante  Teil (54} wenigstens einen
Schwingungsknoten hat, an welchem es am
Rahmenwerk {44) angebracht ist.

3. Materialbearbeitungsmaschine nach An-
spruch 1 oder 2, dadurch gekennzeichnet, dafy
das resonante Teil wenigstens einen kraftiber-
tragenden Tréger (54) aufweist.

4. Materialbearbeitungsmaschine nach An-
spruch 3, dadurch gekennzeichnet, daR sie zwei
resonante Trdager (54) aufweist, an welchen
Zwischenrdume von genau gleicher Grofe
herstellbar sind.

5. Materialbearbeitungsmaschine nach ei-
nem der Anspriiche 1 bis 4, dadurch gekenn-
zeichnet, dald das Werkzeug eine lang-
gestreckte Schneidkiinge (54) ist, welche in
Vorwértsrichtung in einem spitzen Winkel zwi-
schen 45° und 55° zur Schnittebene ange-
ordnet ist.
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