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(57) Abréegée/Abstract:

he Invention relates to systems for steering machine tools and in particular to systems that display information to an operator of
the machine tool. Such a system comprises a manually controlled cutting tool. The system recelves data that defines a model of a
desired cut to be made on a workpiece by the cutting tool. The system recelves further data related to the current position of the
cutting tool In, at least, two dimensions. A processor generates from the received data a display. The display shows the desired cut
to be made and a cutting tool icon at the current position of the cutting tool relative to the desired cut. The display also shows an
Indication of the current error between either the current position, or direction of travel, of the cutting tool and the desired cut. An
operator does not need to look at the workpiece, a drawing and the Digital Read Out simultaneously as with existing systems.

SoTEN 7 [ ] ]
EORUIORIOR . o
Y T 7 7
b‘ --..-‘

R

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




WO 2012/061890 A1 |[HIL 1 HYD Y OV RS OO R

CA 02816096 2013-04-26

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
18 May 2012 (18.05.2012)

(10) International Publication Number

WO 2012/061890 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

International Patent Classification:
B230 17/22 (2006.01)

International Application Number:
PCT/AU2011/001451

International Filing Date:
10 November 2011 (10.11.2011)

Filing Language: English
Publication Language: English
Priority Data:

2010904998 10 November 2010 (10.11.2010) AU

Applicant (for all designated States except US). INTER-
ACTIVE MACHINE SYSTEMS PTY LIMITED [AU/
AU]J; 10 Julie Street, Marstield, New South Wales 2122
(AU).

Inventor; and

Inventor/Applicant (for US only): CARLI, Louis
[AU/AU]; 10 Julie Street, Marstfield, New South Wales
2122 (AU).

Agent: FB RICE & CO; Level 23, 44 Market Street,
Sydney, NSW 2000 (AU).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW .

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZVW), Eurasian (AM, AZ, BY, KG, KZ, MD,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT,
LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,
SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(534) Title: ASSISTANCE SYSTEM FOR STEERING A MACHINE TOOL

220 222
X+  987.52 }— 204 Y .
|Y+ 290.00|—~_; 205 Yy 0.05 21
| /ﬁ \i‘“‘h
@ 20.05 206 21 ¢
210 \ &
214 - 212
211
230~ 25
202 100% 231
- 201 R
203 _ 233
Fig. 2

(57) Abstract: The invention relates to systems for steering machine tools and in particular to systems that display mnformation to
an operator of the machine tool. Such a system comprises a manually controlled cutting tool. The system receives data that defines
a model of a desired cut to be made on a workpiece by the cutting tool. The system receives further data related to the current po-
sition of the cutting tool 1n, at least, two dimensions. A processor generates from the received data a display. The display shows
the desired cut to be made and a cutting tool 1con at the current position of the cutting tool relative to the desired cut. The display
also shows an indication of the current error between either the current position, or direction of travel, of the cutting tool and the
desired cut. An operator does not need to look at the workpiece, a drawing and the Digital Read Out simultaneously as with exist-
Ing systems.



CA 02816096 2013-04-26

WO 2012/061890 PCT/AU2011/001451

10

15

20

25

30

Title

Assistance System for Steering a Machine Tool
Technical Field |
The 1nvention relates to Systems for steering machine tools and in particular to systems '
that display information to an operator of the machine tool. |

Background

Many - different tools exist for cutting. materials into shapes at various speeds,
economical requirements, and other circumstances. These tools range from hand tools
such as scissors and hand saws to power tools, which are characteriséd by a motor
supplying the cutting force. Power tools are further classified into hand held power
tools, such as electrical hand held drills or chain saws, and stationary power tools such
as milling machines, lathes, plasma cutters, and the like. Stationary power tools are
usually referred to as machine tools. These comprise a power driven cutting tool,

which moves relative to a workpiece and removes part of the material from the
workpiece.

This relative movement between the workpiece and the tool may be either manually

controlled by an operator who steers the machine tool or by a computer numerical

. control (CNC) or numerically controlled (NC) which controls actuators, such as servo

motors, to'move the workpiece or the cutting tool to create the desired shape.

~In cases of manually controlled machine tools, the operator r_eéeives‘ a specification in -
- form of a hard copy drawing and is then required to reproduce the cut shown in the

draWing as accurately as possible on the workpiece. With existing digital readout
systems, the controller reads the current coordinates of the cutting tool in relation to the
workpiece from a numerical display. The movement of the cutting tool in different
axes is manually controlled by separate hand controls. The operator is required to use
these hand controls while simultaneously observing the cutting tool, the workpiece, the

display, and the drawing. The operator needs to be experienced in order to be able to
achieve satisfactory accuracy. ' '
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In a first aspect the invention is an assistance, system for steering a machine tool

comprising a manually controlled cutting tool, the assistance system comprising; |
A first data port to receive data defining a model of a desired cut to be made on.
a workpiece by the cutting tool. | '
- A second data port to receive data related to the current position of the cutting
tool in, at least, two dimensions. ' |
A processor to generate from the received data a display showing:

the desired cut to be made, a cutting tool icon at the current posxtlon of the
cuttmg tool relative to the desired cut, and

an indication of the current error between either the current position, or
direction of travel, of the cutting tool and the desired cut.

The current invention provides an assistance system that graphically displays the
desired cut together with the cut made and the current error. An operator can rely on

the display, which, according to this invention, shows all the information needed.
- Therefore, the operator- does not need to look at the workpiece, a drawing and the

Digital Read Out (DRO) simultaneously as with existing systems. It 1s shown that the
screen displays information which was previously not available to the operator. As a
result, the assistance system enables the operator to achieve greater accuracy and
repeatability for complex machine operations in less time when- compared to
conventional read out systems. |

The assistance system increases the capability of what work a manual machine tool can

achieve. This will allow companies/operators who might not have the money, expertise

or space to upgrade to a CNC more competitive.

At an average cost for a CNC machining centre the .assistance system would be a 1/50"

of the price with minimal training required as compared to a CNC.

The assistance system will allow for an increased control of the machine tool by th_é
operator. ' '

In a second aspect the invention is a method for steering a machine tool comprising a
manually controlled cutting tool, the method comprising: |

recelvmg data defining a model of a desired cut to be made on a workpiece by .

- the cutting tool,

receiving data related to the current position of the cutting tool in, at least, two
dimensions, '



CA 02816096 2013-04-26

WO 2012/061890 PCT/AU2011/001451

15

20

25

30

35

generating a display to show:
the desired cut to be made the current position of the cuttlng tool relative
to the desired cut, and |

an indication of the current error between either the measured position, or

direction of travel, of the cutting tool and the desired cut.’

In a third aspect the invention is a machine tool comprising a manually controlled
cutting tool and an assistance system for steering the machine tool, the a5313tance
system comprising:

A first data port to receive data defining a model of a desired cut to be made on
a workplece by the cutting tool,

A second data port to receive data related to the current posmon of the cutting
tool i In, at least, two dimensions,

A processor to generate from the received data a dlsplay showing:

the desired cut to be made, a cutting tool icon at the current position of the
cutting tool relative to the desired cut, and

an indication of the current error between cither the current position, or

. direction of travel, of the cutting tool and the desired cut.

In a fourth aspect the invention is a software, that when installed on a computer causes
the computer to perform the method.

The data defining a model of a desired cut to be made on a workpiece by the cutting_
tool may be a representation of a drawing.

The data defining a model of a desired cut to be made on a workpiece by the cutting
tool may be position data of the cutting tool.

The first data port and second data port may be combined to one single port.

The display may also show an indication of the current feed rate.

The display may also show an indication of the €IToT between the current feed rate and
a predetermined feed rate.
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‘The display may also show a visually enhanced or magnified deviation of the cutting‘

tool in relationship to the desired cut.
The display may also show a magnified area of the desired cut and the cut made.

The display may also show a smooth directional cut path back to the desired cut.

~ The display may show a histdrical path of the cutting tool relative to the workpiece.

The display may also show numerical values of the current measured position of the
cutting tool. | '

The desired cut may be of the shape of one or more lines or points.

The display may also show the distance of the cutting tool from a predetermined point.

The display may also show a stop icon, wherein the distance of the stop icon from a

predetermined point is based on the distance of the cutting tool from that predetermined
point.

The display may be generated periodically from updated values for the received data.

The second data port may be a USB (universal serial bus) port connected to a high
speed data acquisition device to receive signals from linear or rotary encoders and to

send packets of data to the processor via USB when that information is required by the
assistance system. '

The machine tool may be a milling machine, plasma cutter, borer, drill, r'adial drill,
lathe, wood working machine, plastic cutter, or fabric cutter.

The material of the workpiece may be metal, wodd, plastic or fabric.

- The appearance of the indication of the current error may be based on whether the

current position of the cutting tool has crossed the desired cut.



CA 02816096 2013-04-26

WO 2012/061890 PCT/AU2011/001451

10

15

20

- 25

30

35

5

The indication of the current error may comprise an indication of a predetermined
tolerance. ' |

The indication of the current error may compnse a marker and a scale and the position
of the marker relative to the scale may be based on the CITOT.

Brlef Descnptlon of the Drawmgs

- Examples of the invention will now be described w1th reference to the accornpanylng

drawings in which:

'Fig. 1(a) 1llustrates a milling machine.

Fig. 1(b) illustrates ‘hardware components of an assistance system for steering a
machine tool. '

Fig. 2 illustrates a graphical display where a 'cutting' tool folloWs a line of a desired cut.

Fig. 3 illustrates the display where the cutting tool deviates from the line of the desired

Cllt.

Fig. 4 illustrates. the display where an offset of the cutting tool from the hne of the
desired cut is specified and the cutting tool deviates from the desired cut.

Fig. 5 shows another example of the display where the direction arrow points back to
the desired cut.

Fig. 6 illustrates another example in which the operator has chosen a high zoom level
for approaching and following a curvature of the desired cut. .

Fig. 7 illustrates the display for drilling holes at specified locations.
Fig. 8 illustrates a second example of the displayfor drilling holes.

Fig. 9 illustrates the display where a cutting tool follows a line of a desired cut and.
approaches an acute angle. ' |
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Best Modes of the Invention

Fig. 1(a) illustrates a milling machine 100 comprising a base 101 and a column 102
standing on base 101. An over arm 103 extends from the top of column 102 and holds
a spindle 104, which points downwards from the over arm 103 and receives a cutting
tool 105. A lever 106 is rotatably mounted at the side of the over arm 103. A table 111

1s located under the cutting tool 105, is slidably engaged with a saddle 112 and ©

movable in direction of the x- and y-axis. The saddle 112 is mounted on a knee 113,
which is secured to base 101 and is movable in direction of the z-axis. A table feed
hand wheel 121 extends from under the table 111. A crossfeed hand wheel 122 and a
vertical feed crank 123 extend from the knee 113. A touch screen 130 is mounted on
over arm 103 and a workpiece 140 1s secured to Ftable 111.

- In operation, the spindle and the cutting tool rotate driven by an electric motor (not

shown) inside the milling machine 100. An operator uses the hand wheels 121 and 122

and the crank 123 to adJust the position of the table and the lever 106 to lower the
cuttmg tool.

The table can be adjusted in three dimensions. The position in x-direction is adjusted -
using the table feed hand wheel 121, in the y-direction using the crossfeed handwheel
122, and in the z-direction using the vertical feed crank 123. The operator moves the

- workplece upwards Into the rotating cutting tool 105 until a desired cutting depth 1S

reached. The operator then steers the cutting tool 104 through the workpiece to create
the desired shape. The operator may also first position the workpiece 140 under the

cutting tool 105 and then rotate the lever 106 to drive the cuttlng tool 105 downwards
Into the workplece 140.

The current position of the workpiece in X, y, and z-direction is measured by line

~ encoders (not shown) and the position data is displayed on touch screen 130.
30 |

Currently avatlable Digital Read Out (DRO) systems show the current posmon of the
workpiece in the form of numbers on the display. This is useful when moving the
workpiece in one direction only. However, cuts having complex shapes include
directions which are not parallel with any of the three axis. Therefore, an operator
needs to operate more than one hand wheel simultaneously. In particular, it is quite
common to operate the table feed hand wheel 121 and the crossfeed hand wheel 122
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simultaneously without changing the depth of the milling by the vertical feed
crank 123. The operator constantly observes how the cutting tool 105 moves thrdugh
the workpiece 140 and may have some markers on the -workpiecé 140 such as scribed
lines to follow. Additionally,' the operator also reads the display of position
information and rglates this information to speciﬁcations‘ to make sure that the
requirements are met. Having available only numerical values it is hard for the
operator to determine whether the currently followed path of the cutting tool 105

through the workpiece 140 is in accordance with the requirements.

Therefore, the current invention provides an assistance system that graphically displays
a computer model of the desired path of the cutting tool 105 through the wdrkpiece 140
together with a computer model Qf the cut made and the error of the current position or
the direction of travel as described in the following. The operafor can completely rely
on the display, which, according to this invention, shows all the information needed.
Therefore, the operator does not need to look at the workpiece 140, a drawing and the
screen 130 simultaneously. It is shown that the screen displays information which was:
previously not available to the operator. As a result, the assistance system enables the

operator to achieve greater accuracy and repeatability for complex machine operations
in less time when compared to conventional DROs.

Fig. 1(b) illustrates hardware componenis of an assistance sysfem for steering a -
machine tool comprising a computer system 132 and a touch screen 130. The computer

system 132 includes a processor 133, which is connected to a first data port 134 and a

second data port 135. The processor is also connected to a memory 138, and a display
port 139. The touch screen 130 is connected to the display port 139. In this example,
the first data port 134 is an Ethernet port and the second data port is a universal serial
bus (USB) data port. ‘The USB port is connected to a data acquisition device 150,
which in turn is connected to three encoders 151, 152, and 153. Alternatively, the

processor 133 may be connected to the data acquisition device via the Ethernet port and
a local area network. As a further alternative, the processor 133 may be connected
directly to the encoders using one data port of the processor 133 for each encoder.
These data ports of the processor 133 may also comprise analog/digital converters for
receiving analog signals from the encoders 151, 152, and 153.

When in use, the processor 133 operates under instruction of software, Wthh 1S stored -
on memory 138. The processor 133 receives from the Ethemet port 134 an electronic
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representation of a drawmg of a desued cut and stores this drawing in the memory 138,
The processor 133 then builds a computer model of the desired cut to me made on the
workpiece 140. Next, the processor 133 receives data packets on demand from the
high speed data acquisition device which reads signals from encoders 151, 152, and
153 to give the current posmon of the cutting tool 105 in x, y, and z direction
respectively. The processor 133 stores these values in the memory 136 and builds a
computer model of the cut made by the cutting tool on the workpiece 140. Then, the
processor 133 generates a display for touch screen 130 to show the desired cut to be
made, the current measured position of the cutting tool relative to the desired cut, the
cut made, and an indication of the current error between either the measured position,
or direction of travel, of the cutting tool and the desired cut. The display also includes

- areas which represent buttons on the touch screen 130. By touching the screen 130 at

these areas the operator activates the buttons which are displayed on the screen 130.
This way the operator configures the display as described in further detail below.

The following figures show several displays of the pro_pbsed assistance system in use in
different situations. In this example, an operator has prepared a drawing on a personal
computer (PC) using a software for technical draWings. After the operator exported the
drawing to a format that is compatible with the assistance system, the operator connects

‘the PC to the data port 134 of the assistance system. The connection may be
~ established via an Ethernet cable or via a wireless connection. The PC and the

assistance system may also be both connected to the Internet and the communication is

- established via the Internet.

Once the connection is established, the operator uploads the drawing onto the -
assistance system. - The uploading procedure may be facilitated by the processor 133
providing a website. ‘The website is displayed by the PC once the operator enters the
internet address of the assistance system. The website includes a text field to enter the
filename of the exported drawing and a button which initiates the upload once the
operator clicks on that button. The website may also provide a graphical file browser
for selecting the file to be uploaded. In a different example, the operator creates the
drawing directly on the assistance system either by a standard CAD software or by a
special purpose reverse engineering CAD software, both of which are integrated into
the assistance system. As shown in Fig. 1(a) the machine tool comprises manual
controls. These manual controls are used as an input device similar to a computer

mouse to create and manipulate the drawings. This is especially useful for replicating
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shapes which have already been created on a template piece. The template piece is
secured on the table 111 in Fig. 1(a) and the cutting tool is deactivated so that it does
not cut the template piece upon contact. The operator moves the cutting tool along the

- shapes of the template piece and the CAD software creates the drawing from the data

received from the encoders and stores the drawing on the memory 136. After creating
the drawing from the existing template piece the operator removes the template piece
from the table 111.

Once the operator has ‘uploaded or created the drawing, the operator secures the

workpiece 140 on table 11 1 and starts producing the shapes from the drawing.

In the example of Fig. 2 the operator follows a lme of a desired Cut accurately at the
recommended speed while observing the dlsplay on touch screen 130. The display on
the touch screen 130 is updated periodically according to a predetenmned update
frequency such as 10Hz. The following - examples illustrate snapshots of the
periodically updated display. Fig. 2 illustrates a graphical displayIZOO comprising a
vector line representation of a desired cut 201 to be made in a workpiece, a cutting tool

1con 202 representi'ng the measured position of the cutting tool 105 in Fig. 1(a) relative
- to the desired cut 201, and a representation of the cut made 203, that is material that has

been removed. by the cutting tool 105. Further displayed is information regarding the
cutting tool 105 including a numeric x-coordinate display 204 of the current x-position
of the cuttlng tool 105, a numeric y-coordmate display 205 of the current y-position of
the cuttlng tool, and a diameter display 206 of the cutting tool. The display 200 also
includes an assistance widget 210 comprising a direction arrow 211, an angular scale
212, a feed rate indicator 213 and an optimal feed rate marker 21"4. The dispfay also
comprises a first configuration interface 220 for displaying 221, increasing 222, and
decreasing 223 the angular resolution of the angular scale 212 and a second
configuration interface 230 for displaying 231, increasing 232, and decreasing 233 the
zoom level of the display of the desired cut 201, the cut made 203, and the cutting tool

“icon 202.
30

After the drawing is uploaded onto the assistance system a computer model of the
desired cut in the form of line 201 is derived from that drawing. The operator then
steers the cutting tool 105 by operating the table feed and crossfeed hand wheels 121
and 122. The operator observes the display in order to make sure that the cutting tool
icon 202 follows the line of the desired cut 201 as closely as possible. The operator
keeps the centre of the cutting tool icon 202 away from the line of the desired cut 201
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by the radius of the cutting 'tool, which is half of the value displ.ayed by the .diameter

- display 206. In the following, this cutter compensation is automatically considered by

the assistance system unless it is otherwise noted. Using currently available readout

systems the operator reads the x-coordinate display 204 and the y-coordmate dlsplay
205 to obtain the current position of the cutting tool 10S.

The graphical display of the desired cut 201, the cutting tool icon 202, and the cut made
203 and the assistance widget 210 give the operator more information about the current
direction and speed of the cutting tool 105 than existing systems. The operator may

change the zoom level to display a smaller region of the computer model in more detail

by activating the increase button 232 of the second configuration interface  230.
Alternatively, the operator may activate the decrease button 233 of the second

. configuration interface 230 to dlsplay a la.rger reglon of the computer model in less

detail.

The direction arrow 211 indicates the current direction of the cutting tool 202. In a
different example the arrow indicates the distance from the desired cut. The direction
of the direction arrow 211 is determined by an algorithm éreating a cut path
perpendicular offset tool. The angular scale 212 indicates an optimal direction by a

‘pronounced central marker and also the degree of deviation to both sides. If the desired

cut 201 1s not a straight line, the pronounced central marker rotates according to the
current direction of the desired cut as the operator steers the cutting tool 105 along the
desired cut 201. The operator observes the assistance widget 210 and uses the hand

wheels 121 and 122 to steer the cuttmg tool into the direction indicated by the
pronounced marker of the angular scale 212.

If the operator follows the desired cut 201 exactly, the direction arrow 211 points to the
pronounced marker of the angular scale 212. On the other hahd, if the operator
deviates from the desired cut 201, the arrow 211 changes direction to notify the
operator that correction is needed. The operator can determine from the display.
qualitatively and quantitatively how accurately the cut made 203 follows the desired
cut 201. If the cutter deviates from the desired cut far enough so that the markers on
the angular scale 212 cannot represent that amount of movement, the assistance system

' will rotate the icon to guide the operator back to the desired cut path 201. | |
- The operator adjusts the resolution of the angular scale 212 by using the first

configuration interface 220. For rough first cuts, accuracy is not the main concern and
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the operator sets the resolution of the angular scale 212 to a coarser level, such as scale
of 1:1or greater, by activating increasing button 222. The resolution dlsplay 221 shows
the current resolution of the angular scale. As a result of the coarser resolut1on the
direction arrow 211 changes direction to a lesser degree for small deviations. The
operator notices large deviations from the desired cut 201 but small deviations are

- hardly visible. For more accurate cuts, such as fine engravings, the operator sets the
- resolution of the angular scale to a finer level, ‘s_'uch as 0.05mm, by activating the

decreasing button 223. With such a fine resolution, the operator notices greater
changes of the direction arrow 211 when only slightly deviating from the desired cut
201. Larger deviations cause the arrow to reach the boﬁnds of the angular scale 212.

- The setting of 220 will also govern the dlrectlon distance and curvature of the angular
scale 212 to calculate a cut path to guide the operator to move the cutter 105 back to the

desired cut 201. Fine settlngs of 0.05mm will create an aggressive return to the desired

cut path whereas a smoother return to the cut path would be made in a coarser setting of
0.1mm.

The operator also observes the feed rate indicator 213 to keep track of the current feed
rate of the cutting tool 105 through the workpiece 140. The operator tries to maintain
the feed rate indicator 213 as close as possible to the optlmal feed rate marker 214, If
the operator steers the cutting tool 105 too quickly th:ough the workpiece 140 the feed
rate indicator 213 moves towards the tip of the direction arrow 211. Vice versa, if the

'operator moves too slowly, the feed rate indicator 213 moves towards the base of the -

direction arrow 211, In case of Fig, 2 the operator follows the desired cut exactly at the -
recommended speed.  With thls invention the accuracy of the cut made is constantly

assessed by the operator without looking at the workpiece. The display shows the
quantitative and qualitative information necessary to follow the desired cut.

Fig. 3 shows the display 200 again but this time the operator did not follow’the desired

cut exactly. The display 200 shows how the cutting tool icon 202 has deviated from the
desired cut 201. There is a gap between the cut that has been made 203 and the desired

~cut 201. As a result of the deviation from the desired cut the direction arrow 211 of the

assistance widget 210 does not point to the pronounced marker of the angular scale
anymore. The angular scale 212 has rotated to create a cut path back to the desired cut.
The operator can clearly determine, by how far the cutting tool 105 has deviated from
the optimal direction. As mentioned above, the direction arrow 211 changes more if

- the resolution is set to a fine level and changes less if the resolution is set to a coarse
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level. The operator now compensates for the deviation and steers the cutting tool '105
closer to the destred cut 201. In this example, the feed rate indicator 213 is not aligned
with the optimal feed rate marker 214 either. This shows that the operator is moving

- too fast and should slow down in order to meet the recommended feed rate.

Fig. 4 shows a similar display 200 as above but now also comprisihg an offset display
407. The value in the offset display 407 represents the desired offset, which is a
constant distance between the final cut path and the current cut path. Therefore, the
operator does not follow the desired cut closely but keeps a constant. distance of the
cutting tool icon 202 from the desired cut 201. In this example, the offset is set to
1.0mm. It can also be seen that now the operator has chosen an angular resolution
which is less accurate than in the previous figures. The resolution display 221 shows a'
value of 0.1 and as a result, the angular scale 212 comprlses more markers Wthh are

'closer together.

~ As above, the operator deviates from the desired direction shown by direction a:rfow

211 and the feed rate is also too high as the feed rate indicator 213 shows. The angular
scale 212 now shows a more gradual redirection back to the desired cut than in Fig. 3

Fig. 5 shows another example of display 200 where the assistance widget 210 operates '

In a slightly different manner. The operator deviates from the desired cut 201 but in .
this example, the direction arrow 211 points in a direction back to the desired cut 201.

The assistance w1dget 210 is also located in close proxnmlty to the cutting tool icon
202.

The angular scale is rotated further than the direction arrow such that the distance
between the tip of the direction arrow 211 and the pronounced marker of the angular
scale 212 in‘dicates the distance of the cutting tool icon 202 from the desired cut. This
indication is amplified for greater accuracy according to the setting of the resolution as
displayed by the resolution display 221. The operator can follow the direction
arrow 211 regardless of whether the operator deviates from the desired cut 201 or

~ exactly follows it. In the' 1deal case, when the operator exactly follows the desired cut

201, the direction arrow 211 is parallel to the desired cut 201 and points at the
pronounced marker of the angular scale 212.
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The centre point for the rotation of both the 'direc'tion' arrow 211 and the angular

scale 212 lies at the centre of the cutting tool icon 202. As a result, the direction

~ arrow 211 always points away from the cutting tool icon 202 and is easy to follow by

the operator.

In most appllcatlons a deviation from the desired cut 201 away from the workpiece is
less critical than a deviation into the workpiece. To indicate the criticality of moving

~ into the workpiece the markers of the angular scale may be colour coded such that
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markers that indicate cutting into the workpiece have a distinctive colour such as red.
In the example of Fig. 5, the markers located in clockwise direction from the central
pronounced marker are coloured red. When the operator moves the cutting tool
icon 202 over the desired cut 201 and therefore cuts too far into the workplece the
direction arrow 211 changes to a distinctive colour, such as red.

If the distance from the desired cut 201 is too large to be represented by the angular

scale 212 at the current setting of the resolution, the 'angular scale 212 disappears from

the display 200.

In the example of Fig. 5, the operator steers the cutting tool icon 202 back to the
desired cut 201 according to the assistance widget 210 and then follows the desu'ed
cut 201 until the cuttmg tool 202 reaches a comer 501." As the cutting tool icon 202
moves over the corner it reaches a point where the operator needs to stop and change
direction abruptly. At this point, the direction arrow 211 and angular scale 212 are
rotated such that the direction arrow 211 points into the new direction. In this example
the new direction is vertically downwards.

Naturally, the operator is not able to stop at the exact point where the direction changes
but continues honzontally by a small amount before the operator notices the chan ge of
the direction arrow 211. In that case, the direction arrow 211 is rotated slightly towards
the desired cut to guide the operator in correcting the error of moving too far in the
horizontal direction. As long as the operator reaches the desired cut 201 before the

cutting tool has moved downwards by more that the radius of the cutting tool, the
corner 501 of the desired cut 201 is still cut out exactly |

Fig. 6 shows another example in which the operator has chosen a high zoom level for
approaching and followmg a curvature of the desu'ed cut 201. At such a hlgh Zoom
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level the direction arrow 211 in the previous figures is not practical since the main

. objective 1s not to follow the direction of the desired cut 201 but to approach the

desired cut 201, Fig. 6 shows a assistance widget 610 for indicating the distance of the
cutting tool icon 202 to the desired cut 201. The assistance widget 610 comprises a
marker 611 and a linear scale 612. The linear scale 612 represents a magnification of
the distance between the cutting tool icon 202 and the desired cut 201.

As the operator approac_heé the desired cut 201 with the cutting tool 202, the
marker 611 also moves down the linear scale 612. Due to the magnification, the
marker 611 moves a greater distance than the cutting tool 202. This allows for more
accurate steering by the operator. When the edge of the cutting tool 202 is located
exactly on the desired cut 201, the marker 611 is aligned with the bottom line of the
linear scale 612. If the operator steers the cutting tool 202 too far and over the desired

cut 201, the marker moves outside the scale 612 and changes colour to alarm the
operator.

- The linear scale 612 extends in a direction perpen.dicular to the desired cut 201, that is

perpendicular to a tangent of the desired cut at the point on the desired cut 201 that is
closest to the cutting tool 202. As a result, the linear scale 612 rotates as the operator
moves along the curvature of the desired cut 201.

Many specifications for cuts also include the specification of a tolerance, such as
+0.2/-0.1mm, or a specification of a tolerance grade such as H7. Referring back to
Fig. 5, a sector of the angular scale 212 represents a deviation from the desired cut 201
that is within the specified tolerance. This sector may be shaded to indicate to the
operator that the deviation must stay within the shaded area. Similarly, referring to
Fig. 6, a section of the linear scale 612 may be shaded to indicate the tolerance for the

distance error when approaching the desired cut 201 at a high zoom level. The

direction arrow 211 in Fig. 5 and the marker 611 in Fig. 6 change colour if they move
outside the shaded sector or section.

Fig. 7 shows a different display 700 for assisting the operator. In this example, the task
1s not to follow a line of a desired cut but to drill holes at predefined positions. The
process for the dperator 1s slightly different as the operator' positions the cutting tool
105 while 1t is placed above the wokpiece 140. ‘Once the cutting tool 105 is positioned,
the operator moves the workpiece 140 into the cutting tool 105 by operating vertical
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feed crank 123 or moves the cutting tool 105 downwards into the workpiece 140 by
operating the lever 106. The rotational movement of the lever 106 is limited to a
constant range, such as 45 degrees, and for each hole the operator rotates the levér over
the entire range. As a result, each time the cutting tool moves down it moves by the
same distance and therefore, the cutting tool 105 produces holes with constant depth
each time the operator rotates the lever. Using the lever, the Operator can move the
cutting tool up and down faster and therefore, drill holes faster than using the vertical
feed crank 123. Moving the workpiece up or down by the use of the vertical feed crank
123 before actuating the lever 106, the operator can ad_]ust the depth of the holes.

In addition to some of the features described above, such as the cutting teol icon 202
and the assistance widget 210, the display 700 comprises markers for the desired

positions of holes 701, markers for holes already cut 703, a fifst pre-emptive stop icon

(x-PESI) 741 and a second pre-emptive stop icon (y-PESI) 742. Note that the cutter
compensation 1s automatically removed for operations such as drilling,

The two PESIs are annotated with numbers which indicate to the operator the .di'stance
of the cutting tool 105 from the desired hole. Once the operator has steered the cutting
tool 105 to the desired position of the hole, both numbers are zero and the PESIs
Intersect exactly at the position of the hole. In this example, the operator has used the
table feed hand wheel 121 to align the current x-position of the cutting tool 105 with

‘the x-position of the hole. Therefore, x-PESI 741 overlaps with the hole and is

annotated with 0.0, which tells the operator that no further adjustment with the table
feed hand wheel 121 is necessary. The y-PESI 742 is not aligned with the hole to
indicate to the operator that the cutting tool 202 needs to be positioned further in the

direction of the y-axis usmg the crossfeed hand wheel 122.

As the operator directs the cutting tool icon 202 further towards the desired ho'le, the

operator observes how the y-PESI 742 also moves towards the desired hole and the

annotation of the y-PESI 742 decreases. Once the y-PESI 742 also aligns with the
desired hole and the annotation of the y-PESI 742 has decreased to 0.0 the operator
stops the movement of the cutting tool 105 and moves the cutting tool downwards into
the workpiece by actuating the lever 106 to cut the hole. Note that the PESIs 741 and

742 move faster than the cutting tool icon towards the desired position as they start
from further away.
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The advantage is that the operator can use a fairly coarse zoom level to display the
entire array of holes and as soon as the operator positions the cutting tool icon 202
closer to the desired position of the hole, the PESIs 741 and 742 move into the, 'display
Observing the position of the PESIs 741 and 742, the operator determines the distance '
of the cutting tool 202 from the desired position of the hole 1n a finer zoom level than
the underlying display of the holes. As a result, fine deviations from the desired
position are visilalised, which otherwise would not be visible at the current zoom level.

Fig. 8 illustrates a second example of a display 800 for drilling holes such as the

~ hole 201. Similar to the examples above, the display 800 comprlses the desired cut 201

in the form of a hole, the cutting tool icon 202 and an assistance mdget 810 located at
the centre of the cutting tool 202. In this example, the assistance widget 610 comprises

~a round marker 811 and a circular scale 812. As can be seen in Fig. 8, the difference

between the centre of the circular scale 812 and the round marker 811 1s the

magnification distance between the centre of the cutting tool icon 202 and the centre of
the hole 201. '

As the operator steers the cutting tool 202 closer to the hole 201, the round marker 811
moves closer to the centre of the circular scale 812. When the round marker 81'1 s
located at the centre of the circular scale 812, the hole 201 and the cutting tool Icon 202 '
are aligned and the operator lowers the drill into the workplece

Fig. 9 shows yet another display 900 again comprising the desired cut 201, which now
consists of two straight line segments 901 and 901', a cutting tool icon 202, a cut made
203, an assistance widget 210, and an offset display 407. In addition, a PESI 941 1S
shown. In this éxamﬂe, the desired cut 201 includes an acute angle between the two -
lines 901 and 901' and as a result, the round cutting tool icon 202 can not completely
follow the line of the desired cut 201. If the cutting tool icon 202 followed the line 901
from the position shown in the figure, it would eventually cut through l{ne 901" before
reaching the turning point where the two lines meet. The operator needs to approach

line 901" while following line 901 and stop when the distance of the cutting tool 202

- from the lirie 901" is exactly the offset value shown in the offset display 901. Once the

33

operator steers the cutting tool icon 202 close to line 901', the operator notices that
PESI 941 moves into the display 900 to warn the operator about approaching line 901",
In this example, this happens when the cutting tool 105 is within 17mm before
machining a line not being tracked by the assistance widget. Similar to Fig. 5, the PESI
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941 shows the distance between the cutting tool 202 and the line 901" in a finer zoom

level than the desired cut 201 and the cuttlng tool 202 are shown. While steermg the
cutting tool 202 closer to line 901", the operator observes the PESI 941 moving closer
to the line from the opposite direction. Once the annotation of the PESI 941 shows the
offset value, 0.1mm in this example, and the PESI is aligned with line 901" the operator
changes direction to follow line 901", Alternatively, the operator may change the
cutting tool 202 to a tool with a smaller dlameter In order to move further into the acute

angle between lines 901 and 901", '

The proposed system determines the need for PESIs automatioally from the drawings
- and the measured current position of the cutting tool 105. As a result, the operator can

be assured that orce the drawing has been loaded onto the milling machine, the display
will notify the operator of any stop points, or turning points that W1ll be encountered

- during the processing of the workpxece
15

Once the milling of the workpiece 140 is finished the cut made 203 is stored as vector
graphic and associated to one particular workpiece 104. This historical path of the

cutting point or face relative to the workpiece can later be used for quahty assessment
and quality monltorlng |

The assistance system as described above can similarlj’f be used' for different types of
machine tools such as plasma cutters, borers, drills, radial drills, lathes and the like.
The assistance system requires 'as input a drawing of the desired cut as a vector drawing
and the output of linear encoders to determine the current position of the cutting tool.

‘Machines fitted with d1g1tal readouts (DRO) have linear encoders already built in.

Therefore the assistance system may be installed together with new DRO installations

-~ or as a DRO upgrade. The assistance system may also be installed by retro-fitting
‘machines such as lathes or radial drills. Of course new machines such as plasma

cutters, wood workln g machines, plastic and fabric cutters can be fitted with the
descnbed asmstance system as well.

It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments
without departing from the scope of the invention as broadly described. It should be
understood that the techniques of the present disclosure might be implemented using a
variety of technologies. For example,. the methods described herein may be
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implemented by a series of computer executable instructions residihg on a suitable
- computer readable medium. Suitable computer readable media may include volatile

(e.g2. RAM) and/or non-volatlle (e.g. ROM, disk) memory, carrier waves and
transmission media. Exemplary carrier waves may take the form of electrical,

electromagnetlc or optical signals conveying dlgxtal data streams along a local network
or a publicly accessible network such as the internet.

It should also be understood that, unless specifically stated otherwise as apparént from
the following discussion, it is appreciated that throughout the description, discussions
utilizing terms such as "processing” or "computing” or "calculating”, "building" or
"predicting” or "estimating" or "determining" or "displaying" or "identifying" or
f'recéiving" or the like, refer to the action and processes of a computer system, or

- similar electronic computing device, that processes and transforms data represented as

physical (electronic) quantities within the computer system's registers and memories
Into other data similarly represented as physical quantities within the computer system
memories or registers or other such information storage, transmission or display

~ devices.

- The present embodiments are, therefore, to be considered in all respects as 1llustrat1ve

20 and not restnctlve
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CLAIMS:
1. An assistance system for steering a machine tool comprising a manually
5> controlled cutting tool, the assistance system comprising:
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a first data port to receive data defining a model of a desired cut to be made on a
workpiece by the cutting tool, |
a second data port to receive data related to the current position of the cutting
tool in, at least, two dimensions,
‘a processor to generate from the received data a display showing:
the desired cut to be made, a cutting tool icon at the current position of the
cutting tool relative to the desired cut, and '

an indication of the current error between either the current position, or
direction of travel, of the cutting tool and the desired cut.

2.  The assistance system of claim 1, wherein the data defining a model of a desired
cut to be made on a workpiece by the cutting tool is a representation of a drawing.

3. The assistance system of claim 1 or 2, wherein the data defining a model of a

desired cut to be made on a workpiece by the cutting tool is pdsition data of the cutting
tool.

4, The assistance system-of any one of the preceding claims, wherein the first data
port and second data port are combined to one single port.

S. The assistance system of any one of the preceding claims, wherein the display
also shows an indication of the current feed rate.

6. The assistance system of any one of the preceding claims, wherein the display

also shows an indication of the error between the current feed rate and a predetermined
feed rate. '

7. The assistance system of any one of the preceding claims, wherein the display

also shows a visually enhanced or magnified deviation of the cutting tool in
relationship to the desired cut.
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8. The assistance system of any one of the preceding claims, wherein the display
also shows a magnified area of the desired cut and the cut made. '

9. The assistance system of any one of the precedmg claims, wherein the dlsplay
also shows a smooth directional cut path back to the desired cut.

10.  The assistance system of any one of the preceding claims, wherein the display
shows a historical path of the cutting tool relative to the workpiece.

11.  The assistance system of any one of the preceding claims, wherein the display
also shows numerical values of the current measured position of the cutting tool.

12.  The-assistance system of any one of the preceding claims, wherein the desired
cut is of the shape of one or more lines or points.

13.  The assistance system of any one of the precédi_ng claims, wherein the display
also shows the distance of the cutting tool from a predetermined point.

14.  The assistance system of any one of the preceding claims, wherein the display
also shows a stop icon, wherein the distance of the stop icon from a predetermmed
point is based on the distance of the cutting tool from that predetermined point.

15.  The assistance system of any one of the preceding claims, wherein the. display is
generated periodically from updated values for the received data.

16.  The assistance system of any one of the preceding claims, Wherein'the second
data port is a USB (universal serial bus) port connected to a high speed data acquisition
device to receive signals from linear or rotary encoders and to send packets of data to
the processor via USB when that information is required by the assistance system.

17.  The assistance system of any one of the preceding claims, wherein the machine
tool is a milling machine, plasma cutter, borer, drill, radial drill, lathe, wood working
machine, plastic cutter, or fabric cutter.

18.  The assistance system of any one of the preceding claims, wherein the material -
of the workpiece is metal, wood, plastic or fabric.
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19.  The assistance system of any one of the preceding claims, wherein the
appearance of thc indication of the current error is based on whether the current
position of the cutting tool has crossed the desired cut. '

20.  The assistance system of any one of the preceding claims, wherein the indication

- of the current error comprises an-indication of a predetermined tolerance.

21. - The assistance system of any one of the preceding claims, wherein the indication

of the current error comprises a marker and a scale and the position of the ma.rker
relatlve to the scale is based on the error.

22. A method for steering a machine tool comprising a manually controlled cutting
tool, the method comprising:

receiving data defining a model of a desired cut to be made on a workplece by
the cutting tool, |

recelving data related to the current position of the cutting tool in, at least, two
dimensions,

generating a display to show:
the desired cut to be made, the current position of the cutting tool relative
to the desired cut, and

~ an indication of the current error between either the measured position, or
direction of travel of the cutting tool and the desired cut.

23. A machine tool comprising a manually controlled cutting tool and an assistance
system for steering the machine tool, the assistance system comprising:

a first data port to receive data defining a model of a desired cut to be made on a
workpiece by the cutting tool, .

a second data port to receive data related to the current position of the cutting
tool in, at least, two dimensions,
a processor to generate from the received data a display showing:

the desired cut to be made, a cutting tool icon at the current position of the
cutting tool relative to the desired cut, and

an indication of the current error between either the current position, or
direction of travel, of the cutting tool and the desired cut.
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24.  Software, that when 1installed on a computer causes the coniputer to perform the
method. | ' '
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