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FLUID POWERED CUTTING APPARATUS WITH CUTTING LOAD CONTROL

This invention relates to cutting apparatus. In particular, the invention relates to apparatus in
which the resistance load on a cutting device attached to the apparatus is automatically

regulated to not exceed a predetermined value.

When road repairs or pipe laying etc. are carried out on roads or pavements, the surface
generally has to be cut, for example a trench would normally require two parallel cuts to be
made to the width of the trench, thus helping to avoid damaging the surrounding area when
trench material is removed. At present this is normally done by a relatively small standalone
petrol engine powered single bladed saw whilst, usually, a mechanical excavator (for example

a back hoe loader) waits idly to dig out the trench.

The power available to this type of saw is generally small compared to that which is available
from the excavator in the form of hydraulic power that may be supplied at the end of its

dipper arm, as currently provided for other known attachments such as hydraulic breakers.

Thus it is known to use various hydraulically operated attachments on existing hydraulic
machines and it would be advantageous to utilise the higher power available from a machine,
like an excavator, to carry out the cutting operation described above. For example, cutting at
a higher rate than can be achieved by known standalone saws as well as removing the need for

such saws and associated operator whilst making more productive use of the excavator.

It will be recognised by one skilled in the art that the downward load that is exerted at the end
of, say, the dipper arm of a mechanical excavator is potentially very high and could easily
inflict damage upon the cuiting apparatus, particularly a delicate cutting blade or other cutting
device mounted thereon. Likewise such a high load reduces the sensitivity of control of the
cutting apparatus and lessens the level of accuracy of cut, particularly where relatively soft

materials are involved.
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According to a first aspect of the present invention there is provided fluid powered cutting
apparatus comprising a fluid motor arranged so as to drive a cutting device and a fluid
powered actuator, the fluid motor and fluid powered actuator being so constructed and
arranged as to cause, in use, the resistance load induced on the cutting device when cutting
material to be regulated so as not to exceed a pre-determined value. Preferably the actuator
and motor may be connected to a fluid flow circuit such that an increased rotational load on
the cutting device due to a cutting force induced on the device causes a change in pressure
within the circuit, thereby causing the actuator to counteract the cutting force so as to reduce
the load on the cutting device. More preferably the actuator may be connected to the circuit

upstream of the motor.

According to an optional feature of this aspect of the present invention the flow of fluid into

the actuator may be unrestricted but flow out of the actuator may be restricted.

According to a second optional feature of this aspect of the present invention the actuator may

be a hydraulic ram.

According to a further optional feature of this aspect of the present invention the device may

be pivotally mounted relative to the surface of the material to be cut.

According to another optional feature of this aspect of the present invention the device may be

a circular saw blade.

According to a yet further optional feature of this aspect of the present invention the apparatus
may be adapted for use with a hydraulic excavator or the like. Preferably the Apparatus may

be secured on the backhoe dipper arm of an excavator.
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According to a further optional feature of this aspect of the present invention the fluid may be

hydraulic fluid.

According to a yet further optional feature of this aspect of the present invention a further

cutting device may be provided.

According to a second aspect of the present invention there is provided a fluid circuit for use
with a cutting apparatus comprising in series a secondary supply line for an actuator and a
fluid motor for driving a cutting device, the circuit being so arranged that, in use, an
increased load on the motor caused by a rotational resistance load on the device causes a
change in pressure in the circuit, said change in pressure adjusting the position of the actuator
so as to regulate the resistance load and hence the load on the motor. Preferably the flow into

the actuator may be unrestricted, but the return flow may be restricted.

According to an optional feature of this aspect of the present invention the circuit may be
further provided with a valve, the valve preventing fluid flow unless sufficient external

physical pressure is applied thereto.

According to a second optional feature of this aspect of the present invention two actuators

may be connected to the secondary supply line.

According to a third aspect of the present invention there is provided hydraulic cutting
apparatus for use in association with a host machine, the apparatus comprising a hydraulic
motor adapted to drive a cutting device, a hydraulic actuator arranged so as to move the
cutting device relative to material to be cut and a hydraulic circuit, the circuit being arranged
such that, in use, the rotational resistance load induced on cutting device due to a cutting force

applied to the device is regulated due to counteraction of the cutting force by the actuator.
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According to a fourth aspect of the present invention there is provided a method of cutting

through material using cutting apparatus comprising a cutting device powered by a fluid
motor and an actuator connected in series with the motor to a fluid line, the method

comprising the steps of:

a) an operator of the apparatus inducing a cutting force between the running cutting
device and the material to be cut, thereby inducing a frictional resistance load of the cutting

device and hence a load on the motor;
b) a change in fluid pressure being induced in the fluid line by the load on the motor;

c) the change in pressure causing a change in the extension of the actuator to reduce the
frictional resistance load between the material and the device, thereby reducing the load on the

motor;
d) a further change in the fluid pressure being induced in the fluid line;

¢) the change in pressure causing a further change in the extension of the actuator to increase

the frictional resistance between the material and the device, thereby increasing the load on

the motor; and

¥, repeating steps b) to e) until the operator removes the device from contact with the

material.

Exemplary embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings, in which:

FIG. 1 is a side elevation of a cutting apparatus in accordance one embodiment of the

invention mounted on an arm of a host machine and located upon a surface to be cut;

FIG. 2 illustrates the apparatus of Fig. 1 with the apparatus in operation;

FIG. 3 is a front elevation of the apparatus of Fig. 1; and
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FIG. 4 is a diagram of a hydraulic circuit used in the apparatus of the embodiment of Figs. 1

f03;

FIG. 5 is a side elevation of a cutting apparatus according to a second embodiment of the

invention;

FIG. 6 is a side elevation of the cutting apparatus of Fig. 5 in operation;

FIG. 7 is a plan view of the cutting apparatus of Fig. 5 shown in partial cross-section;

FIG. 8 is a side elevation of cutting apparatus according to a third embodiment of the

invention shown in partial cross-section;

FIG. 9 is a side elevation of the cutting apparatus of Fig. 8 in operation;

FIG. 10 is a plan view of the apparatus of Fig. 8; and

FIG. 11 is a diagram of the hydraulic circuit used in the third embodiment.

As shown in Figs. 1 to 3 hydraulic cutting apparatus according to a first embodiment of the
invention comprises a cutting device attached to a drive shaft 8 driven in this embodiment by
a hydraulic motor 7. Shaft § and motor 7 are mounted onto side plates 2, 2a (see Fig. 3). In

this embodiment, a gear arrangement transmits drive from the motor to the shaft, but in other

embodiments the shaft may be driven directly.
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In this embodiment, each side plate 2a has pivotally secured thereto depth regulation means

comprising a pair of hydraulic actuators. As is known in the art, the actuators comprise a
hydraulic cylinder 6 and ram 6a, which rams are pivotally connected to a base plate 3 standing
upon the surface of the material 4 to be cut. The rams have sufficient capacity to overcome
any downward load induced by the operator of a host machine to which the apparatus is
secured. The side plates 2, 2a are in this embodiment rigidly connected to form a headstock
and are themselves releasably pivotally connected to the dipper arm 1,1c of the host machine
(not shown) by pins. The base plate 3 is further pivotally connected to the side plates 2, 2a
also by pins. To provide greater manoeuvrability, wheels may be provided as appropriate on

the base section.

The cutting device may be a chain saw or planer for example, but in this embodiment is a
circular diamond blade or carburundum blade. Indeed, for the purposes of this invention, the
term “cutting” should be understood to also include abrasive devices. For ease of reference

the cutting device is generally referred to hereafter as a blade 5.

In an alternative class of embodiments, a pair of blades may be mounted at each opposite end
of the drive shaft. An arrangement having a pair of blades arranged in parallel planes allows
simultaneous parallel cuts to be made. Paralle] cutting is a particular advantage in various
operations, such as trenching. It is envisaged that the spacing between the blade may either be
fixed to correspond to the width of standard excavator buckets, or may be adjustable over a

range of widths.

As will be apparent to one skilled in the art, hydraulic gear motors work on the principle that
hydraulic fluid (e.g. hydraulic oil or water), under pressure, is forced through a pair of
intermeshing gears, one of which is attached to the output shaft of a motor, causing any
mechanical device attached to the output shaft to rotate in conjunction with the gears. When
the oil is first introduced to the resting motor the hydraulic pressure will rise as the
mechanical parts (gears, shafts etc.) are accelerated up to running speed. The motor will

generally require a fixed amount of fluid to turn by 1 revolution, so a motor requiring 10cm’
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of fluid for 1 revolution would turn at a rate of 100 rpm if supplied with a fluid flow of

1000cm’ per minute.

When the motor reaches its operational speed the fluid pressure reduces. Once running at
speed, any resistance to rotation that is encountered, for example when plunging an attached
blade into a surface, such as a road or pavement, would tend to slow down the motor, hence
increasing the oil pressure needed to turn the motor at its operational speed. Similar

principles apply for different types of hydraulic motors.

Referring now to Fig. 4, the motor 12 and actuator are preferably connected to the same
hydraulic pressure line 10 or circuit which allows fluid to pass freely into the actuator along
line 10a but in which the flow back from the actuator is restricted by virtue of combined
restrictor and one-way valve arrangement 11. A return line 9 downstream of motor 12 allows

the hydraulic fluid to be recirculated to a hydraulic pump on the excavator (not shown).

In operation, as seen in Fig. 2, the operator first brings the blade up to its operational speed
and then extends hydraulic ram 1b on the dipper arm, thus tipping the apparatus forwards.
The hydraulic rams 6a contract into cylinder 6 in conjunction with movement of the dipper
arm 1, lc bringing the cutting device into engagement with the material 4 to be cut. In this
embodiment the material is tarmacadam, but in other embodiments the apparatus may be used

to cut other materials such as concrete, rock, wood, plastics or metals, for example.

When the operator brings the blade 5 into contact with the material to be cut, a force is
induced between the blade and the material to be cut that acts through the centre of rotation of
the blade 5. This force is referred to below as the “cutting force”. The hydraulic pressure
required by the motor 12 to maintain a constant cutting speed will rise due to the frictional
resistance to rotation of the blade 5 induced by the cutting force between the blade 5 and
material to be cut 4. The degree of rotational frictional resistance is generally proportionate to

the cutting force although it may alter if a particularly hard or tough piece of material to be cut
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is encountered. The rotational resistance in turn induces a load on the motor 12 resulting in a

back-pressure up-stream of the motor 12, causing the hydraulic fluid to flow into the actuator.
This flow causes the ram 6a to extend out of cylinder 6, counteracting the downward load on
the blade from ram 1b thereby reducing the cutting force with which the blade 5 contacts the

material to be cut.

As this reduction in cutting force causes a proportionate reduction in the resistance to the

rotation of the blade 5, the load on the motor 12 is reduced, thus reducing the hydraulic

. pressure in the actuator which then allows more cutting force to be applied.

Thus, the arrangement automatically regulates the frictional resistance on the blade 5 so that
the operator is able to maintain a controlled and steady rate of cutting without risking damage
being caused to the blade 5. It is preferred that for ease of operation, cutting occurs towards
the host machine (i.e. from right to left in Fig. 2 and left to right in Figs 6 and 8 described

below).

It will be appreciated by one skilled in the art that for the attachment to be operated safely
enclosing guards would be provided attached to the base plate 3 and/or to side plates 2, 2a
whereby the moving parts, including the cutting device are mounted inside a further housing
provided by both the guards and the side plates. For the sake of clarity these guards and the

pipework and fittings for the actuators and motor have not been shown.

Turning now to Figs. 5 to 7, there is shown a second embodiment of the invention comprising
a variant of the apparatus of the first embodiment that operates using similar principles.

Where possible like numerals have been used for like parts with the addition of the prefix “17.

Turning in particular to Figs. 5 and 7, it can be seen that the apparatus comprises a connecting
portion 120 having bores 122a, 122b that may be used for releasable attachment to the end of

an excavator dipper arm or the like 101, 101c. The connecting portion is preferably linked to
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a headstock 102 by a linkage that in this embodiment comprises plates 126a and 126b

arranged in a mutual parallel configuration and secured to the connecting portion 120 by pin
124. Advantageously, the linkage enables the headstock to pivot relative to the connecting
portion 120 about an axes parallel and perpendicular to the sides of the apparatus so as to

compensate for uneven ground between the apparatus and the machine to which it is secured.

The headstock 102 is in turn pivotally secured to a housing/base plate 103 by axle 128. This
arrangement can be seen most clearly from Fig. 7. A pair of wheels 15a are also preferably
mounted on axle 128. A further pair of wheels 150b is preferably mounted on the opposite
end of housing 103 by axle 184 (the wheels are obscured by the housing in Fig. 7). As can be

seen from Figs. 5 and 7, the housing 103 essentially encloses the sides and end of the

apparatus.

In this embodiment, a cranked arm 130 is further pivotally journalled on to axle 128. The free
end of arm 130 has mounted thereon hydraulic motor 112 and drive shaft 134. Referring to
Fig. 7, it can be seen that the output shaft 156 of the hydraulic motor 112 and the drive shaft
134 are arranged in spaced parallel relationship and have mounted thereon intermeshing gears
158 and 160 to transmit drive from the hydraulic motor to the drive shaft 134. In alternative
classes of embodiments, the motor 112 may directly drive the drive shaft or alternative drive
transmission means such as chains or pulleys may be employed. An aperture of sufficient size
to enable unrestricted relative vertical movement of the drive shaft 134 relative to the housing

103 over the required range of travel is provided in the side wall of the housing.

A cutting device which in this embodiment is a circular saw blade 105 is mounted on drive
shaft 134 using suitable mounting means 182 as is known in the art. A guard 152 preferably
encloses the blade but is removable to allow blades to be changed when they become worn for
example. As in the first embodiment, the drive shaft may be extended through the opposite

side of the housing 103 to permit a further blade to be secured thereto.
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The depth regulation means is provided, in this embodiment, by a single hydraulic actuator

comprising a cylinder 106 and ram 106a, the cylinder 106 being pivotally secured to a
headstock 102 whilst the ram is pivotally secured to a housing 103 by pin 132. The pipework
and fittings of the hydraulic circuit have been omitted for clarity, but the layout of the circuit

is substantially identical to that of the first embodiment.

A tie rod 136 is in this embodiment pivotally mounted to headstock 102 and is arranged such
that a female slidable portion 140 secured to arm 130 is free to move along the extent of
cylindrical portion 137 of the tie rod 136. A locking nut is preferably secured to the end of
the cylindrical portion to retain the female portion 140 on the rod 136. In a particularly
preferred embodiment, the locking nut may be adjusted to provide a fine control of the cutting
depth of blade 105. In other embodiments, the tie rod may be replaced by a slotted bar, or a

flexible tie, for example.

Means is preferably provided on the apparatus to provide an indication of the current depth of
cut, and to alter the maximum depth of the cut. In this embodiment, a quadrant 144 having an
array of apertures 146 provided thereon is mounted on a portion of the housing 103 visible to
the operator and operates in conjunction with moveable depth stop 144 to adjust the maximum
cutting depth of the device. A cutting depth indicator 148 is connected via a linkage to arm

130 to provide a visual indication of the actual depth of cut at that point.

Referring to Fig. 6, in use, the operator of the apparatus first brings the blade 105 up to its
operational speed, and then lowers the dipper arm of the excavator which in turn causes
headstock 102 to pivot downwardly about axle 128 and by virtue of tie rod 136 lowers the
arm 130 and blade 105 so as to bring blade 105 into contact with the material to be cut 104.
As female portion 140 is slidable along the tie rod 136, the apparatus relies on the self weight

of arm 130 to induce a cutting force, causing blade 105 to cut into the material 104.
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If the operator of the apparatus induces too great a frictional resistance on the blade 105 by,

for example, attempting to move the apparatus at too great a linear speed, the increased load
on motor 112 causes back pressure in the hydraulic line, thus causing the actuator to extend in
a similar manner to that described in the first embodiment. The extension of the actuator in
turn causes headstock 102 to pivot upwardly about axle 128 which simultaneously, due to the
tie rod connection between the headstock and arm 130 also lifts the blade away from the
material being cut thus reducing the cutting force and the frictional resistance. In this way,

the self regulation of the cutting functions in a similar manner to the first embodiment.

Turning now to the third embodiment of the invention as illustrated in Figs. 8 to 11. Like

numerals have where possible been used for like parts with the addition of the prefix “2”.

Referring in particular to Fig. 8, it can be seen in this embodiment that the apparatus
comprises a dipper arm attachment separate from the main body of the device itself. The
attachment comprises in this embodiment a connecting portion 220 pivotally secured to a
dipper arm of an excavator 201, 201c by pins 222a and 222b. Secured to the end of the
connecting portion 220 is a telescopic portion comprising an outer sleeve 286 and inner sleeve
288, the sleeve being biased outwardly by resilient means such as a gas strut 290. Stops are
provided to retain the arm 288 within the sleeve 286. In one class of embodiments, the
telescopic portion may be turned through 90° relative to the connecting portion 220 thereby
enabling cutting to take place transversely rather than towards the excavator. A cross bar 292
is secured to the free end of the telescopic portion so as to engage with hooks 294 on the

apparatus when it is necessary for the apparatus to be lifted and moved.

The apparatus again comprises a headstock 202 which in this embodiment is pivotally
mounted to upper edge of the housing 203 by bar 296 that is journalled onto brackets 297.
The opposite end of the headstock 202 is supported by resilient means such as gas strut 304
pivotally mounted at the free end of the headstock 202 by pin 306 and at its opposite end to
the housing by a pin 308. The use of gas-struts to support the headstock is considered
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advantageous due to the constant rate of compression under increasing loads. Thus, the

headstock 202 is biased into the rest position as illustrated by Fig. 8.

A pressure plate 298 is pivotally mounted onto headstock 202 by pin 301 is arranged such that
when the cross bar 292 of the telescopic portion is pressed down thereon, the plate 248
deflects towards the excavator such that pin 300 depresses hydraulic fluid flow valve 302,
thereby permitting hydraulic fluid to flow through outlet 303. This arrangement is illustrated
schematically in Fig. 11, and is provided as a safety device to prevent operation of the

apparatus unless it is in contact with the attachment.

As in the second embodiment, arm 230 is pivotally mounted on axle 228 along with wheels
250a. A further pair of wheels 250b are rotatably mounted to the opposite end of the housing
by an axle 284. A hydraulic motor, gear and drive shaft arrangement are mounted to the free

end of the arm 230 in a similar manner to that described in the second embodiment.

In this embodiment, the regulating means is again a single actuator comprising cylinder 206
and ram 206a, the cylinder being pivotally mounted to the housing 203 and the ram being
pivotally mounted to arm 230 by pin 232. As the actuator only has to counteract the self
weight of the arm 230, it is of lower capacity than the actuators of the first two embodiments.
Pin 232 is advantageously further held within a slotted portion of a tie plate 310. Tie plate
310 is in turn pivotally mounted to a lower portion of the headstock 202 by pin 312.

Means to control the depth of cut is advantageously provided in the form of a quadrant 242
having a plurality of apertures 246 provided therein and being secured to housing 203 in a
position visible to the operator of the apparatus. A pivoting portion may be releasably secured
to a selected one of apertures 246 and has a protrusion past which pin 306 is prevented from
moving, thereby limiting the arc through which headstock 202 may pivot, thus limiting the

possible depth of the cut.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 01/98045 PCT/GB01/02745

13
Turning now to Fig. 9, the apparatus is shown in operation. In use, the operator exerts

downward pressure on the pressure plate 298 in a direction X thereby opening hydraulic valve
302 allowing fluid to flow into the motor 212 to provide drive to the blade 205. Further
downward pressure from the attachment pushes headstock 202 downwardly against the
biasing force of gas strut 304. This movement in turn allows arm 230 to pivot downwardly
due to the fact that tie bar 310 is lowered, thus enabling blade 205 to commence cutting into
surface 204. As in the second embodiment, the self weight of the arm 230 is relied upon to

induce a cutting force on the blade 205.

As in previous embodiments, if the frictional resistance on the blade 205 becomes too great,
the back pressure in the hydraulic circuit 210 causes hydraulic fluid to flow into hydraulic
cylinder 206, thus extending the hydraulic actuator, causing the arm 230 to lift, the lifting
movement being unhindered by virtue of the slot 304 provided in tie bar 310. Thus self

regulation of the apparatus is achieved.

One advantage of the apparatus of the third embodiment is that the operator is not required to
maintain the lower end of the dipper arm at a constant height relative to the surface to be cut
whilst simultaneously drawing the apparatus towards the excavator due to the telescopic
portion of the apparatus. This is an operation which is difficult for inexperienced excavator

operators to successfully achieve.

The apparatus of third embodiment also enables the excavator operator to reposition the
excavator without having to manually detach the apparatus from the dipper arm or reposition
the blade 105 in the cuts already made, thus allowing long runs of cuts to be made relatively
rapidly. It is envisaged that an automatic coiling arrangement for the hydraulic line
connecting the apparatus to the host machine may be provided to enable such repositioning to
be safely achieved. It would also be appreciated by those skilled in the art that the pressure
pad and valve arrangement provides a safety cut-out for the hydraulic circuit that stops the

operation of the apparatus when the telescopic portion is lifted from the apparatus.
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It will be understood that numerous changes may be made within the scope of the present

invention. For example, similar self regulating arrangements may be used in a wide variety of
applications from hand tools to large industrial cutting and abrasive equipment. The
apparatus may be adapted for use on air or water powered tools. The arrangement of the
motor and apparatus may be varied both in their physical position on the apparatus and their

locations within the hydraulic circuit, and the actuator may be replaced by those of a non-

linear type.
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CLAIMS

1. Fluid powered cutting apparatus comprising a fluid motor arranged so as to drive a
cutting device and a fluid powered actuator, the fluid motor and fluid powered actuator being
so constructed and arranged as to cause, in use, the resistance load induced on the cutting

device when cutting material to be regulated so as not to exceed a pre-determined value.

2. Apparatus according to claim 1 wherein the actuator and motor are connected to a
fluid flow circuit such that an increased rotational load on the cutting device due to a cutting
force induced on the device causes a change in pressure within the circuit, thereby causing the

actuator to counteract the cutting force so as to reduce the load on the cutting device.

3. Apparatus according to claim 2 wherein the actuator is connected to the circuit

upstream of the motor.

4. Apparatus according to claim 2 or claim 3 wherein the flow of fluid into the actuator is

unrestricted but flow out of the actuator is restricted.

5. Apparatus according to any preceding claim wherein the actuator is a hydraulic ram.

6. Apparatus according to any preceding claim wherein the device is pivotally mounted

relative to the surface of the material to be‘cut.

7. Apparatus according to any preceding claim wherein the device is a circular saw blade.

3. Apparatus according to any preceding claim adapted for use with a hydraulic

excavator or the like.
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9. Apparatus according to claim 8 for securement on the backhoe dipper arm of an

excavator.

10.  Apparatus according to any preceding claim wherein the fluid is hydraulic fluid.

11.  Apparatus according to any preceding claim wherein a further cutting device is

provided.

12. A fluid circuit for use with a cutting apparatus comprising in series a secondary supply
line for an actuator and a fluid motor for driving a cutting device, the circuit being so
arranged that, in use, an increased load on the motor caused by a rotational resistance load on
the device causes a change in pressure in the circuit, said change in pressure adjusting the

position of the actuator so as to regulate the resistance load and hence the load on the motor.

13. A circuit according to claim 12 wherein flow into the actuator is unrestricted, but the

return flow is restricted.

14. A circuit according to claim 12 or claim 13 wherein the circuit is further provided with
a valve, the valve preventing fluid flow unless sufficient external physical pressure is applied

thereto.

15. A circuit according any one of claims 12 to 14 wherein two actuators are connected to

the secondary supply line.

16. A hydraulic cutting apparatus for use in association with a host machine, the apparatus

comprising a hydraulic motor adapted to drive a cutting device, a hydraulic actuator arranged
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so as to move the cutting device relative to material to be cut and a hydraulic circuit, the

circuit being arranged such that, in use, the rotational resistance load induced on cutting
device due to a cutting force applied to the device is regulated due to counteraction of the

cutting force by the actuator.

17. A method of cutting through material using cutting apparatus comprising a cutting
device powered by a fluid motor and an actuator connected in series with the motor to a fluid

line, the method comprising the steps of:

a) an operator of the apparatus inducing a cutting force between the running cutting
device and the material to be cut, thereby inducing a frictional resistance load of the cutting

device and hence a load on the motor;
b) a change in fluid pressure being induced in the fluid line by the load on the motor;

c) the change in pressure causing a change in the extension of the actuator to reduce the

frictional resistance load between the material and the device, thereby reducing the load on the

motor;
d) a further change in the fluid pressure being induced in the fluid line;

¢) the change in pressure causing a further change in the extension of the actuator to increase

the frictional resistance between the material and the device, thereby increasing the load on

the motor; and

) repeating steps b) to €) until the operator removes the device from contact with the

material.
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