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At present time, the DXF format is the most commonly used standard for transferring all the information necessary to create an ISO program starting from a CAD application.

The target is to store the greatest number of information and keep the compatibility with the "standard" DXF format. We define the "standard DXF" as a DXF fully readable and modifiable with AutoCAD most commonly used tools. We know that using blocks and some particular codes it's possible to store any kind of information in a DXF, but in this way it will be "hidden" to the common user, then hard to use. The capability of opening and visualizing the DXF with AutoCAD (or other kinds of CAD) ensures a quick visual information check, and gives the easiest possible way for debugging.

Anyway, the DXF must contain enough information to create a complete program without the operator intervention. Applications like Cabinet Vision's Solid or Pattern Systems Drill Mate are capable of producing hundreds of files per session so the manual modification of all these DXF files would be too time consuming to be realistic. In fact, the automated conversion of DXF files into ISO code programs (batch processing) is a reality since many years ago in the North American market. A product without this capability would not break through. Instead using DXF file as a machine program, without the need of batch processing, would give to salesmen an excellent helping hand for their job. 

The DXF (Drawing eXchange Format) was born as a way to exchange data between various CAD environments, and it is not specific for the woodworking machinery industry.  Because of this, to reach our goal it is necessary to use some tricks and conventions that are currently used by the various software houses, and de facto set today's standard.

1) 
The drawing is in 2D format. 

2) 
Different kinds of job are grouped by layer. There is a layer for any of the following kind of job:

Panel dimensions
(PANEL)

Top side drillings
(TOP[$Fn])

Left side drillings
(LEFT[$Fn])

Front side drillings
(FRONT[$Fn])

Right side drillings
(RIGHT[$Fn])

Rear side drillings
(REAR[$Fn])

Indexed horizontal drillings
(INDEX[TOOL_NAME][$Fn])

Blade cuts
(SAW[$Fn][$En])

Routings on top face
(TOOL$TOOL_NAME[$R;$L][$Fn][$En][$Sn])

Routings on left face
(TOOLLEFT$TOOL_NAME[$R;$L][$Fn][$En][$Sn])

Routings on front face
(TOOLFRONT$TOOL_NAME[$R;$L][$Fn][$En][$Sn])

Routings on right face
(TOOLRIGHT$TOOL_NAME[$R;$L][$Fn][$En][$Sn])

Routings on rear face
(TOOLREAR$TOOL_NAME[$R;$L][$Fn][$En][$Sn])

ISO codes on top face
(ISOTOP)

ISO codes on left face
(ISOLEFT)

ISO codes on front face
(ISOFRONT)

ISO codes on right face
(ISORIGHT)

ISO codes on rear face
(ISOREAR)

Elements in square brackets are optional parameters, and will be explained further in this document. The above layer names are the default values, but it's possible to change the association between kind of job and layer name into MSLITE.INI file. Non-recognized layers will be ignored. This feature is useful for DXF containing dimensioning or other descriptive data not used for machining. Recognized layers, instead, will be analyzed to verify the carried information. In this case, any problem (e.g.: a tool not found) will cause an error message, and the conversion procedure will abort. In batch processing mode the conversion procedure will continue, and all errors are shown in a log.

3) The information about the Z-axis (panel thickness, working depth on top side and horizontal drilling Z position) is contained into various entities “thickness” parameter. Regardless to sign, this value will be always recognized as “depth”. This solution allows working in 2D and having a realistic 3D panel representation for quick debugging.


Note: Some programs store the information about the Z position into layer name (E.G.: PANEL19P00; TOOL_A12P50; the “P” is used as decimal point, because the decimal point character is not allowed in layer names in AutoCAD versions older than AutoCAD 2000). However, in this way they lose the 3D effect. 

4) Although is not directly used, a different color is associated to each layer. This is for having a quicker drawing comprehension. 

5) 
The importing procedure is compatible with AutoCAD 12, 13, 14 and 2000 DXFs. It recognizes and understands the entities LINE, ARC, CIRCLE, POLYLINE and LWPOLYLINE. 

6) 
The parameter values that is not possible to store directly into DXFs (E.G.: feed rate, tool rotation speed, etc.) will be taken from a default DXF settings table during the DXF(>ISO conversion process.

7) 
The panel X and Y dimensions are defined by a RECTANGLE, drew into appropriate layer (PANEL). The rectangle must be a single closed polyline. A drawing must have one single panel. The panel thickness is the rectangle “thickness” parameter. The reference point for all works in a drawing is the panel bottom-left corner. Information about panel dimensions is mandatory. It’s possible to add the program comment as TEXT entity into PANEL layer. It’s possible to specify a long pieces division line by inserting a vertical line into PANEL layer.

8) 
A vertical hole is defined by a CIRCLE, drew in the appropriate layer (TOP). The drilling coordinates are the circle center coordinates. The tool diameter is the circle diameter. The drilling depth is the circle “thickness” parameter. 

9) 
A horizontal hole is defined by a RECTANGLE (closed polyline), drew into appropriate layer (LEFT, FRONT, RIGHT or REAR). The drilling direction is connected to the layer. Tool diameter and drilling depth are connected to the rectangle dimensions, according with the drilling directions. The drilling X and Y coordinates are those of the middle point of the segment representing the tool diameter. The Z position is the rectangle “thickness” parameter

10) 
An indexed horizontal hole (a horizontal hole with direction different from X and Y axis) is defined by a RECTANGLE (closed polyline), drew in the appropriate layer (INDEX). Optionally, it is possible to specify the tool to be used for the job. If this is not specified, a default tool will be used. If we define a rectangle by his P1, P2, P3 and P4 points, the tool diameter will be the distance between points P1 and P4. The drilling depth will be the distance between points P1 and P2. The drilling direction will be the vector direction from P1 to P2. The drilling X and Y coordinates are those of the middle point between P1 and P4. The Z position is the rectangle “thickness” parameter

11) 
A saw cut is defined by a LINE parallel X or Y axis (or a POLYLINE / LWPOLYLINE with a single straight segment) or a RECTANGLE (closed POLYLINE / LWPOLYLINE with 4 vertex) drew in the appropriate layer (SAW). The cutting depth is the entity “thickness” parameter. The cutting direction will be the vector direction from point P1 to P2. According with the used entity, we distinguish two cases:

a) If the cut is a segment, this segment will always indicate the tool center path. The cut direction will be from point 1 to point 2.

b) If the cut is a rectangle, the rectangle area will be pocketed. The cut direction will parallel to the bigger side, and the pocket width will be the rectangle smaller side. The starting point will be next to rectangle's point 1.

12) A routing is defined by one or more LINE, ARC, CIRCLE, POLYLINE or LWPOLYLINE, or a combination of these entities, drew into appropriate layer (TOOL$TOOL_NAME). It is mandatory to specify the tool name. The  character "/" (ASCII 47 - Hex.2Fh) of tool name must be replaced with character  "_" (ASCII 95 - Hex.5Fh) in layer name. The tool can be specified either in nn/nn format (tool position), or by using the tool name stored into Alias table. The “space” character (ASCII 32 - Hex.20h) is accepted. The cutting depth is the entity “thickness” parameter. The routing direction will be the vector direction from the first to the last point. If the layer name contains the parameter $R, the cut will be done on the entity right side, if the layer name contains the parameter $L, the cut will be done on the entity left side.

13) A routing on a side plane is defined by one or more LINE, ARC, CIRCLE, POLYLINE or LWPOLYLINE, or a combination of these entities, drew into appropriate layer (TOOLLEFT$TOOL_NAME; TOOLFRONT$TOOL_NAME; TOOLRIGHT$TOOL_NAME; TOOLREAR$TOOL_NAME;). It is mandatory to specify the tool name. The  character "/" (ASCII 47 - Hex.2Fh) of tool name must be replaced with character  "_" (ASCII 95 - Hex.5Fh) in layer name. The cutting depth is the entity “thickness” parameter. The routing direction will be the vector direction from the first to the last point. If the layer name contains the parameter $R, the cut will be done on the entity right side, if the layer name contains the parameter $L, the cut will be done on the entity left side.

About the geometric position of routing in space, there are two different ways to draw routing paths: 

a) [image: image1.wmf][image: image3.wmf][image: image4.wmf][image: image5.wmf][image: image6.wmf][image: image7.wmf][image: image8.wmf][image: image9.wmf]Using the top plane only: the routing paths are drawn into the top plane, with the side plane origin coincident with the top plane origin:

b) Using the UCS – User Coordinate System: the routing paths are drawn in their real position in 3D, using UCS according with AutoCAD standards. The reference point is the lower-left corner of rectangle representing the panel. In order to obtain a realistic 3D visualization, it is suggested to use negative values of Thickness. 

14) For all kinds of operations it is possible to specify the feed rate in meters per minute into layer name, using the optional $Fn parameter (n = numeric value). 

For grooving it is also possible to specify the entry speed in meters per minute into layer name, using the optional $En parameter.

For routings it is also possible to specify the entry speed in meters per minute and the tool rotation speed in RPM×1000 into layer name, using the optional $En and $En parameter.

Parameters $F, $E, $S, if present, can be placed in any order. If these parameters are not specified the value present into DXF default table will be used. For the rotation speed only, if the DXF defaults table value is 0 (zero) will be used the tool table value.

Samples: 

· Vertical drills in TOP layer will be performed at DXF defaults table speed 

· Vertical drills in TOP$F3 layer will be performed with a feed rate of 3 meters/minute.

· Routings in TOOL$41_2 layer will be performed at DXF defaults table speeds.

· Routings in TOOL$41_2$S12$F3$E1 layer will be performed with a tool rotation speed of 12000 RPM, feed rate of 3 meters/minute, and entry speed of 1 meter/minute.

· Routings in TOOL$41_2$S12 layer will be performed with a tool rotation speed of 12000 RPM, and feed rate and entry speed from DXF defaults table.

15) Rotation speed can only assume integer values. Feed rate and entry speed can have integer or non-integer values. Since the decimal point character (".") is an invalid character for layer names in DXF of AutoCAD versions earlier than 2000, the character "P" can be used at his place. E.G.: TOOL$41_2$F3P5

It is possible to specify the character to use as decimal point with the "DECIMALPOINTCHAR" parameter in initialization file. 

16) It’s possible to add ISO instructions into DXF. Both ISO instructions and geometric entities will be imported with the same sequence they are found into DXF file. Because of this, this feature is specifically designed to be used by third-party programs, which are responsible for placing ISO instructions and geometric entities with the correct sequence. DXF files produced by these application can be viewed in a traditional CAD, but must not be manually modified, because the CAD could change the relative position between ISO codes and geometric entities, causing errors or unexpected machine behaviors. 

The syntax for putting ISO code into Tecnos DXF follows the rules below:

a) For each face, ISO codes are inserted as TEXT entity into a specific layer dedicated to this purpose.

b) The ISO code layer names follow the same syntax of other layer names (default: ISOTOP, ISOFRONT, ISOREAR, ISOLEFT, ISORIGHT), and can be configured into MSLITE.INI file.

c) ISO code layer can contain any number of ISO instructions.

d) Text only is interpreted from TEXT entities, with to regard for format, control characters, etc. 

e) ISO instructions will be inserted into TLF with the same order they are encountered into DXF file, as any other kind of work. 

f) ISO instructions will be inserted into TLF “as is”, without controls about logic, syntax, congruency or position. 

g) Syntax check is executed on the just before execution (as already happens for ISO programs written in any other way).
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