Lab Sheet for CNC Laboratory
Department of Production Engineering and Metallurgy

Prepared by: Dr. Laith Abdullah Mohammed




Production Engineering - CNC Lab Lab Sheet

Numerical Control (NC) Fundamentals

B What is Numerical Control (NC)?

Form of programmable automation in which the processing equipment (e.g., machine
tool) is controlled by coded instructions using numbers, letter and symbols

- Numbers form a set of instructions (or NC program) designed for a particular part.

- Allows new programs on same machined for different parts.

- Most important function of an NC system is positioning (tool and/or work piece).

B When is it appropriate to use NC?

1. Parts from similar raw material, in variety of sizes, and/or complex geometries.

2. Low-to-medium part quantity production.

3. Similar processing operations & sequences among work pieces.

4. Frequent changeover of machine for different part numbers.

5. Meet tight tolerance requirements (compared to similar conventional machine tools).

B Advantages of NC over conventional systems:

Flexibility with accuracy, repeatability, reduced scrap, high production rates, good
guality. Reduced tooling costs. Easy machine adjustments. More operations per setup,
less lead time, accommodate design change, reduced inventory. Rapid programming
and program recall, less paperwork. Faster prototype production. Less-skilled operator,
multi-work possible.

M Limitations of NC:

- Relatively high initial cost of equipment.
- Need for part programming.

- Special maintenance requirements.

- More costly breakdowns.

B Advantages of CNC over conventional NC:

- Control using software (executive) rather than hard-wired

- Increased flexibility (variety of mixed operations & functions)

- Elimination of tape reader (or tape read only once per program)

- Part program storage (computer memory (multiple programs) & storage media)

- Display shows instructions being executed & other operational data

- Greater accuracy (faster control solutions)

- More versatility (e.g., program editing (at the machine), reprogramming, tool path
plotting, metric conversion, cutter dimension compensation)

- Fixed (subroutine) cycles (e.g., pocket milling, pecking)

- Manual data input (MDI) (even while another program is running) and remote data
transfer

- System integration capability (connect to robots & other computer- or microprocessor-
based equipment, create cells)

- Machine diagnostics (gives error message or identifies problem)
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W Distributed (Direct) Numerical Control (DNC):

- (Direct) Central computer stores programs & directs NC operations; NC machines
dependent on central computer.

- (Distributed) Central computer stores programs and transfers programs to CNC
machines.

- Central computer provides management functions (e.g., part of MIS) Programs stored
as cutter location (CL) files and post-processed for the machine assigned the job.

- Major components: central computer; bulk memory; telecommunication (EDI); CNC
machine tools.

B Three basic components of an NC system:

1. Input medium:

- Part program or instructions needed to drive the machine tool components

- Instructions are prepared manually or by use of computer

- Instructions include machining parameters (feed rate, cutting speed); sequence of
actions (e.g., positioning & machine functions)

- Instructions are stored in the form of tape (paper, magnetic); floppy diskettes; DNC
download to CNC RAM

2. Machine control unit (MCU):

- Electronics & control hardware

- Interpret instruction set

- Execute instructions

- Monitor results & correct where appropriate

3. Machine tool:

- Mechanical structure that performs the machining, including the components that drive
each axis of motion (e.g., AC or DC motor; hydraulic actuator; stepper motor — choice
affects speed of response, accuracy and power capacity).

B What is meant by axis of motion?

Axis of motion describes the relative motion that occurs between the cutting tool and the
workpiece. Three main axes of motion for machine tools are referred to as the x, y, and
z axes that form a right hand coordinate system.

B Open loop vs. closed loop control:

- Open loop — control signals are given to actuators by the MCU, but the movements
and final destinations of the positioning system are not checked for accuracy.

- Closed loop — equipped with transducers and sensors to measure positions, compare
with control signals, and correct positions as necessary.

B Types of control systems:

- Point-to-point (positioning) system: tool or workpiece is driven to predefined location
without specifying the speed or path of motion; no tool-workpiece contact during
positioning; simple, inexpensive control system; used mainly in drilling, punching,
straight milling

- Contouring (continuous path) system: positioning (path) and speed are simultaneously
controlled at specified values; contour path based on interpolation between points;
complex, flexible, expensive control system; capacity for simultaneous control of more
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than one axis of motion; used on lathes, milling machines, grinders, welding machinery,
machining centers.

B Types of interpolation:
- Linear: tool or work piece moves in a straight line from specified start point to endpoint
in two or three axes

Circular: path of motion is derived from specified coordinates of end points,
coordinates of arc center, radius of arc and direction of motion; tool path approximated
by series of straight line segments.

B Accuracy in NC:
- Accuracy: measure of control system's capacity to position the tool or workpiece to
a specified set of coordinates.

Repeatability: measure of agreement among repeated positioning
movements under the same operating conditions.
. Resolution: smallest increment of positioning that is possible

B Numerical control programming;:
Steps in NC/CNC programming procedure:

1. Interpret part drawing

- Define zero point

- define x-, y-, z-axes

2. Determine machining requirements

- Determine required operations & sequence

- Determine tooling requirements

- Determine feeds, speeds, depth(s) of cut

3. Complete part program

4. Complete post processor

5. Store part program (e.g., punch tape, disk file)
6. Verify completed program: "check it out;" is it accurate?

B Post-processors and beyond:

- Post-processor: software used to translate NC program into code that is specific to the
machine that will run the program.

- EIA Standard 494 (32-Bit Binary CL Exchange Input Format for Numerical Controlled
Machines (BCL for short)): specifies data structure for CL data (integer code) to be
downloaded to a BCL equipped MCU (before post-processing; converted to machine-
specific code).

M Cartesian coordinate system:

Almost everything that can be produced on a conventional machine tool can be produced on a
CNC machine tool, with its many advantages. The machine tool movements used in producing
a product are of two basic types: point -to-point and continuous path (contouring movements).
The Cartesian, or rectangular, coordinate system was devised by the French mathematician
and philosopher Rene’ Descartes. With this system, any specific point can be described in
mathematical terms from any other point along three perpendicular axes. This concept fits
machine tools perfectly since their construction is generally based on three axes of motion
(X,Y,Z) plus an axis of rotation. On a plain vertical milling machine, the X axis is the horizontal
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movement (right or left) of the table, the Y axis is the table cross movement (toward or away
from the column), and the Z axis is the vertical movement of the knee or the spindle. CNC
systems rely heavily on the use of rectangular coordinates because the programmer can locate
every point on a job precisely. When points are located on a work piece, two straight
intersecting lines, one vertical and one horizontal, are used. These lines must be at right angles
to each other, and the point where they cross is called the origin, or zero point (Fig. 1)
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Y axis
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X axis /\
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zero point
Y-
Fig.(1)
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Fig.(2)
The three-dimensional coordinate planes are shown in Fig. 2. The X and Y planes (axes) are
horizontal and represent horizontal machine table motions. The Z plane or axis represents the

vertical tool motion. The plus (+) and minus (-) signs indicate the direction from the zero point
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(origin) along the axis of movement. The four quadrants formed when the XY axes cross are
numbered in a counterclockwise direction (Fig. 3). All positions located in quadrant 1 would be
positive (X+) and positive (Y+). In the second quadrant, all positions would be negative X (X-)
and positive (Y+). In the third quadrant, all locations would be negative X (X-) and negative (Y-).
In the fourth quadrant, all locations would be positive X (X+) and negative Y (Y-).

X- ¥ X+
Y+ Y+

N
Y AXIS

X AXIS

X- Y- X+
Y- Y-

Fig.(3)

In Fig. 3, point A would be 2 units to the right of the Y axis and 2 units above the X axis.
Assume that each unit equals 1.000. The location of point A would be X + 2.000 and Y + 2.000.
For point B, the location would be X + 1.000 and Y - 2.000. In CNC programming it is not
necessary to indicate plus (+) values since these are assumed. However, the minus (-) values
must be indicated. For example, the locations of both A and B would be indicated as follows:

A X2.000 Y2.000

B X1.000 Y-2.000

B Machines Using CNC:
Machine Types:
Lathe

The engine lathe, one of the most productive machine tools, has always been an efficient
means of producing round parts (Fig.4). Most lathes are programmed on two axes.

» The X axis controls the cross motion of the cutting tool. Negative X (X-) moves the tool
towards the spindle centerline; positive X moves the tool away from the spindle centerline.

» The Z axis controls the carriage travel toward or away from the headstock.
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Fig. 4: The main axes of a lathe or turning center.

Milling Machine

The milling machine has always been one of the most versatile machine tools used in industry
(Fig. 5). Operations such as milling, contouring, gear cutting, drilling, boring, and reaming are
only a few of the many operations which can be performed on a milling machine. The milling
machine can be programmed on three axes:

» The X axis controls the table movement left or right.

» The Y axis controls the table movement toward or away from the column.

» The Z axis controls the vertical (up or down) movement of the knee or spindle.

Fig. 5: The main axes of a vertical machining center.

B Programming Systems:
Two types of programming modes, the incremental system and the absolute system, are used
for CNC. Both systems have applications in CNC programming, and no system is either right or
wrong all the time. Most controls on machine tools today are capable of handling either
incremental or absolute programming.

Positioning
Reference Point Systems

Incremental Absolute
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Incremental program locations are always given as the distance and direction from the
immediately preceding point (Fig. 6). Command codes which tell the machine to move the table,
spindle, and knee are explained here using a vertical milling machine as an example:

fpo——2.250

fo——af5

| | 750
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I
250 -~ L 750 —wpe— 750 —wpe— .750AI - 250

Fig. 6: A workpiece dimensioned in the incremental system mode.

* A “X plus” (X+) command will cause the cutting tool to be located to the right of the last point.

* A “X minus” (X-) command will cause the cutting tool to be located to the left of the last point.

* A"Y plus” (Y+) command will cause the cutting tool to be located toward the column.

* A Y minus” (Y-) will cause the cutting tool to be located away from the column.

* A “Z plus” (Z+) command will cause the cutting tool or spindle to move up or away from the
workpiece.

* A “Z minus” (Z-) moves the cutting tool down or into the workpiece.

In incremental programming, the G91 command indicates to the computer and MCU (Machine
Control Unit) that programming is in the incremental mode.

Absolute program locations are always given from a single fixed zero or origin point (Fig. 7). The
zero or origin point may be a position on the machine table, such as the corner of the worktable
or at any specific point on the workpiece. In absolute dimensioning and programming, each
point or location on the workpiece is given as a certain distance from the zero or reference point.
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Fig. 7: A workpiece dimensioned in the absolute system mode. Note: All dimensions are given from a
known point of reference.

* A “X plus” (X+) command will cause the cutting tool to be located to the right of the zero or
origin point.

* A “X minus” (X-) command will cause the cutting tool to be located to the left of the zero or
origin point.

* A*Y plus” (Y+) command will cause the cutting tool to be located toward the column.
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* A Y minus” (Y-) command will cause the cutting tool to be located away from the column.

In absolute programming, the G90 command indicates to the computer and MCU that the
programming is in the absolute mode.

B Point-~fo-Point or Continuous Path

CNC programming falls into two distinct categories (Fig. 8). The difference between the two
categories was once very distinct. Now, however, most control units are able to handle both
point-to-point and continuous path machining. A knowledge of both programming methods is
necessary to understand what applications each has in CNC.

CNC Positioning
Systems
Point-to-Point Continuous Path
or or
Positioning Contouring

Fig. 8: Types of CNC positioning systems.

m Point-to-Point Positioning

Point-to-point positioning is used when it is necessary to accurately locate the spindle, or the
workpiece mounted on the machine table, at one or more specific Locations to perform such
operations as drilling, reaming, boring, tapping, and punching (Fig.9). Point-to-point positioning
is the process of positioning from one coordinate (XY) position or location to another, performing
the machining operation, and continuing this pattern until all the operations have been
completed at all programmed locations.

} POINT 4
s

y 450
AXIS MDUEME:NTA\.

POINT 3
L =
POINT 1 POINT 2
=
X
AXIS

Fig. 9: The path followed by point-to-point positioning to reach various programmed points (machining
locations) on the XY axis.
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In Fig. 9 point 1 to point 2 is a straight line, and the machine moves only along the X axis; but
points 2 and 3 require that motion along both the X and Y axes takes place. As the distance in
the X direction is greater than in the Y direction, Y will reach its position first, leaving X to travel
in a straight line for the remaining distance. A similar motion takes place between points 3 and 4.

m Continuous Path (Contouring)
Contouring, or continuous path machining, involves work such as that produced on a lathe or
milling machine, where the cutting tool is in contact with the workpiece as it travels from one
programmed point to the next. Continuous path positioning is the ability to control motions on
two or more machine axes simultaneously to keep a constant cutter-workpiece relationship. The
programmed information in the CNC program must accurately position the cutting tool from one
point to the next and follow a predefined accurate path at a programmed feed rate in order to
roduce the form or contour required (Fig. 10)

PART ,

-—— TOOL PATH

\— TOOL PATH
B

Fig. 10 Types of contour machining (A) Simple contour; (B) complexe contour

B Interpolation:

The method by which contouring machine tools move from one programmed point to the next is
called interpolation. This ability to merge individual axis points into a predefined tool path is built
into most of today’s MCUs. There are five methods of interpolation:

linear, circular, helical, parabolic, and cubic. All contouring controls provide linear interpolation,
and most controls are capable of both linear and circular interpolation. Helical, parabolic, and
cubic interpolation are used by industries that manufacture parts which have complex shapes,
such as aerospace parts and dies for car bodies.

Linear Interpolation:

Linear Interpolation consists of any programmed points linked together by straight lines, whether
the points are close together or far apart (Fig. 11). Curves can be produced with linear
interpolation by breaking them into short, straight-line segments. This method has limitations,
because a very large number of points would have to be programmed to describe the curve in
order to produce a contour shape. A contour programmed in linear interpolation requires the
coordinate positions (XY positions in two-axis work) for the start and finish of each line segment.
Therefore, the end point of one line or segment becomes the start point for the next segment,
and so on, throughout the entire program.
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START POINT

PATH TAKEN
BY CUTTER

Y AXIS

END POINT

X AXIS

Fig. 11: An example of two-axis linear interpolation.

Circular Interpolation:

The development of MCUs capable of circular interpolation has greatly simplified the process of
programming arcs and circles. To program an arc (Fig. 12), the MCU requires only the
coordinate positions (the XY axes) of the circle center, the radius of the circle, the start point
and end point of the arc being cut, and the direction in which the arc is to be cut (clockwise or
counterclockwise) See Fig. 12.

/
END /
F‘ONT\_/

L CIRCULAR INTERPOLATED
CUTTER PATH

Fig. 12: For two-dimensional circular interpolation the MCU must be supplied with the XY axis, radius,
start point, end point, and direction of cut.

B Programming Format

Word address is the most common programming format used for CNC programming systems.
This format contains a large number of different codes that transfers program information from
the part print to machine servos, relays, micro-switches, etc., to manufacture a part. These
codes, which conform to EIA (Electronic Industries Association) standards, are in a logical
sequence called a block of information. Each block should contain enough information to
perform one machining operation.

Word Address Format

Every program for any part to be machined must be put in a format that the machine control unit
can understand. The format used on any CNC machine is built in by the machine tool builder
and is based on the type of control unit on the machine. A variable-block format which uses
words (letters) is most commonly used. Each instruction word consists of an address character,
such as X, Y, Z, G, M, or S. Numerical data follows this address character to identify a specific
function such as the distance, feed rate, or speed value. The address code G90 in a program,
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tells the control that all measurements are in the absolute mode. The code G91, tells the control
that measurements are in the incremental mode.

Codes

The most common codes used when programming CNC machines tools are G-codes
(preparatory functions), and M codes (miscellaneous functions). Other codes such as F, S, D,
and T are used for machine functions such as feed, speed, cutter diameter offset, tool number,
etc. G-codes are sometimes called cycle codes because they refer to some action occurring on
the X, Y, and/or Z axis of a machine tool, The G-codes are grouped into categories such as
Group 01, containing codes G00, G01, G02, G03. which cause some movement of the machine
table or head. Group 03 includes either absolute or incremental programming, while Group 09
deals with canned cycles. A GO0 code rapidly positions the cutting tool while it is above the
workpiece from one point to another point on a job. During the rapid traverse movement, either
the X or Y axis can be moved individually or both axes can be moved at the same time.
Although the rate of rapid travel varies from machine to machine, it ranges between (5 and 20
m/min).

GO0
RAPID TRAVERSE

GO
LINEAR INTERPOLATION
STRAIGHT LINE MOVEMENT)

G02
CIRCULAR INTERPOLATION
(CLOCKWISE)

GO3
CIRCULAR INTERPOLATION
(COUNTERCLOCKWISE)

Fig. 13: The functions of a few common G-codes.

The G01, G02, and G03 codes move the axes at a controlled feedrate.

» GO1 is used for straight-line movement (linear interpolation).

* G02 (clockwise) and GO03 (counterclockwise) are used for arcs and circles (circular
interpolation).
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Group Code  Eunction
01 G00 Rapid positioning
01 G01 Linear interpolation
01 02 Circular interpolation clockwise (CW)
01 G03 Circular interpolation counterclockwise (CCW)
06 G20° Inch input (in.)
06 G21* Metric input {mm)
G24 Radius programming (**)
00 G28 Return to reference point
0o 529 Return from reference point
532 Thread cutting (**)
o7 G40 Cutter compensation cancel
o7 G541 Cutter compensation left
o7 542 Cutter compensation right
08 543 Tool length compensation positive (+) direction
08 544 Tool length compensation minus (-) direction
08 549 Tool l2ngth compensation cancel
B4 Canned turning cycle (**)
03 90 Absolute programming
03 591 Incremental programming
(*} - on some machines and controls, these may be G70 {inch) and
G71 (metric)
(**) - refers only to CNC lathes and turning centers.

Fig. 14: Some of the most common G-codes used in CNC programming.

M or miscellaneous codes are used to either turn ON or OFF different functions which control
certain machine tool operations, M-codes are not grouped into categories, although several
codes may control the same type of operations such as M03, M04, and MO5 which control the
machine tool spindle.

» MO3 turns the spindle on clockwise

* M04 turns the spindle on counterclockwise

* MO5 turns the spindle off
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MO3 '

DIRECTION OF ROTATION i: z :)
(CLOCKWISE) :

M04 T
DIRECTION OF ROTATION _ )

(COUNTERCLOCKWISE)

MO |
TOOL CHANGE WITH @ &<

AUTOMATIC RETRACTION

-
M30 @ —
END OF PROGRAM
AND =
RETURN TO BEGINNING I:j 1
OF PROGRAM M30] |

Fig. 15: The functions of a few common M-codes.
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Code Function

MOO Program stop

MO2 End of program

MO3 Spindle start (forward CW)
M0O4 Spindle start (reverse CCW)
MO5 Spindle stop

MO6& Tool change

MO8 Coolant on

M09 Coolant off

M10 Chuck - clamping (**)

M11 Chuck - unclamping (™)
M12 Tailstock spindle out (**)
M13 Tailstock spindle in (**)

M17 Toolpost rotation normal (**)
M18 Toolpost rotation reverse (**)
M30 End of tape and rewind

M98 Transfer to subprogram

Ma9 End of subprogram

(**) - refers only to CNC lathes and turning centers.

Fig. 16: Some of the most common M-codes used in CNC programming.

Block of Information

CNC information is generally programmed in blocks of five words. Each word conforms to the
EIA standards and they are written on a horizontal line. If five complete words are not included
in each block, the machine control unit (MCU) will not recognize the information, therefore the

control unit will not be activated. Using the example shown in Fig. 17, the five words are as
follows:
NOO1 represents the sequence number of the operation.
G01 represents linear interpolation
X12345 will move the table 1.2345 in. in a positive direction along the X axis.
Y06789 will move the table 0.6789 in. along the Y axis.
MO3 Spindle on CW.
| CONSISTS OF SWORDS | ——>
N G X Y M
SEQ. || PREP.|| DIMENSION || DIMENSION || MISC.
NO. |[[FUNCT.
NoO1|[Go1]|[x12345[[Yyoe6789|[M03
L L . JL . J
WORD  WORD WORD WORD WORD

Fig. 17: A complete block of information consists of five words.
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B Programming for Positioning:

Before starting to program a job, it is important to become familiar with the part to be produced.
From the engineering drawings, the programmer should be capable of planning the machining
sequences required to produce the part. Visual concepts must be put into a written manuscript
as the first step in developing a part program, Fig. 18. It is the part program that will be sent to
the machine control unit by the computer, tape, diskette, or other input media. The programmer
must first establish a reference point for aligning the workpiece and the machine tool for
programming purposes. The manuscript must include this along with the types of cutting tools
and work-holding devices required, and where they are to be located.

From the drawing to the workpiece

1. Reading deawing

2. Programming

1 putting program

Fig. 18 The first step in producing a CNC program is to take the information from the print and produce a
program manuscript.

Dimensioning Guidelines

The system of rectangular coordinates is very important to the successful operation of CNC
machines. Certain guidelines should be observed when dimensioning parts for CNC machining.
The following guidelines will insure that the dimensioning language means exactly the same
thing to the design engineer, the technician, the programmer, and the machine operator.

1. Define part surfaces from three perpendicular reference planes.

2. Establish reference planes along part surfaces which are parallel to the machine axes.

3. Dimension from a specific point on the part surface.

4. Dimension the part clearly so that its shape can be understood without making mathematical
calculations or guesses.

5. Define the part so that a computer numerical control cutter path can be easily programmed.
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Machine Zero Point

The machine zero point can be set by three methods—by the operator, manually by a
programmed absolute zero shift, or by work coordinates, to suit the holding fixture or the part to
be machined.

MANUAL SETTING - The operator can use the MCU controls to locate the spindle over the
desired part zero and then set the X and Y coordinate registers on the console to zero.

Stored zero shifts (G54...G59) .
Programmed zero shift (G92) =

e R = Reference point (maximum travel of machine)
$ M = Machine zero point (x0,v0,20) of machine coordinate system.
EP W = Part zero point workpiece coordinate system.

Under G54 ... G59 the actual machine coordinates of part
Zero are stored in the stored zero offsets memory and
activated in the part program.

Under G92 the actual machine coordinates are inserted and
used on the G92 line of the part program.

Fig. 19 The relationship between the part zero and the machine system of coordinates.

ABSOLUTE ZERO SHIFT - The absolute zero shift can change the position of the coordinate
system by a command in the CNC program. The programmer first sends the machine spindle to
home zero position by a G28 command in the program. Then another command (G92 for
absolute zero shift) tells the MCU how far from the home zero location, the coordinate system
origin is to be positioned, Fig. 19. The sample commands may be as follows:

N1 G28 X0 Y0 Z0 (sends spindle to home zero position)

N2 G92 X4.000 Y5.000 Z6.000 (the position the machine will reference as part zero)
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B Work Settings and Offsets:

All CNC machi
(compensation) t

ne tools require some form of work setting, tool setting, and offsets
o place the cutter and work in the proper relationship. Compensation allows the
programmer to make adjustments for unexpected tooling and setup conditions.

Work Coordinates

In absolute positioning, work coordinates are generally set on one edge or corner of a part and
is generally taken from this position. In Fig. 20, the part zero is used for all
ositioning for hole locations 1, 2, and 3.

all programming

TOOL
CHANGE
POSITION
" 4.000
+* 3.000 o]
1.000 " 2.000
l 1000 —nje—1,000 — .‘

ZERO FOR

B¢

L &2

!

corner of the part.

Fig. 20 In absolute programming, all dimensions must be taken from the XY zero at the top left-hand

TOOL
CHANGE
POSITION

1.000 —4—1.000 —wle—1.000 —wq+—1.000—»
/

A

ZERD FOR MOVE ZERO FOR MOVE
TOHOLE #2 TO HOLE #3

Fig. 21 In incremental programming, all dimensions are taken from the previous point.

In incremental positioning, the work coordinates change because each location is the zero point

for the move to the next location, Fig. 21.
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On some parts, it may be desirable to change from absolute to incremental, or vice versa, at
certain points in the job. Inserting the G90 (absolute) or the G91 (incremental) command into
the program at the point where the change is to be made can do this.

R Plane or Gage Height

The word-address letter R refers to a partial retraction point in the Z axis to which the end of the
cutter retracts above the work surface to allow safe table movement in the X Y axes. It is often
called the rapid-traverse distance, gage height, retract or work plane. The R distance is a
specific height or distance above the work surface and is generally .100 in. above the highest
surface of the workpiece, Fig. 22, which is also known as gage height. Some manufacturers
build a gage height distance of .100 in. into the MCU (machine control unit) and whenever the
feed motion in the Z axis is called for, .100 in. will automatically be added to the depth
programmed. When setting up cutting tools, the operator generally places a .100 in. thick gage
on top of the highest surface of the workpiece. Each tool is lowered until it just touches the gage
surface and then its length is recorded on the tool list. Once the gage height has been set, it is
not generally necessary to add the .100 in. to any future depth dimensions since most MCUs do
this automatically.

R 0.000

.100 GAGE
7 BLOCK

750
R .750 750

N

Fig. 22 Using a .100 in. gage block to set the gage height or RO on the work surface.

Cutter Diameter Compensation

Cutter diameter compensation (CDC) changes a milling cutter's programmed centerline path to
compensate for small differences in cutter diameter. On most MCUSs, it is effective for most cuts
made using either linear or circular interpolation in the X-Y axis, but does not affect the
programmed Z-axis moves. Usually compensation is in increments of .0001 in. up to +1.0000 in.,
and usually most controls have as many CDCs available as there are tool pockets in the tool
storage matrix.

The advantage of the CDC feature is that it:

1. Allows the use of cutters that have been sharpened to a smaller diameter.

2. Permits the use of a larger or smaller tool already in the machine’s storage matrix.

3. Allows backing the tool away when roughing cuts are required due to excessive material
present.

4. Permits compensation for unexpected tool or part deflection, if the deflection is constant
throughout the programmed path.

The basic reference point of the machine tool is never at the cutting edge of a milling cutter, but
at some point on its periphery. If a 1.000 in. diameter end mill is used to machine the edges of a
workpiece, the programmer would have to keep a .500 in. offset from the work surface in order
to cut the edges accurately, Fig. 23. The .500 offset represents the distance from the centerline
of the cutter or machine spindle to the edge of the part. Whenever a part is being machined, the
programmer must calculate an offset path, which is usually half the cutter diameter.
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Fig. 23 Cutter-diameter compensation must be used when machining with various size cutters.

Modern MCUs, which have part surface programming, automatically calculate centerline offsets
once the diameter of the cutter for each operation is programmed. Many MCUs have operator-
entry capabilities which can compensate for differences in cutter diameters; therefore an
oversize cutter, or one that has been sharpened, can be used as long as the compensation
value for oversize or undersize cutters is entered.
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mCNC Programming Hints - MILLING

6 Machine reference point (maximum travel of maching)
8 Machine X % zero point (could be tool change point)
€ Part X ¥ zero point (programming start point)

—~+ Indicates the tool change position. A G92 code wil
reset the axis register position coordinates to this
position.

For a program to run on a machine, it must contain the follow-
ing codes:

MO3 To start the spindle/cutter revolving.

SKHH The spindle speed code to set the rimin.

Fxx The feed rate code to move the cutting tool or
workpiece to the desired position.

ANGLES:
The XY coordinates of the start point and end point of
the angular surface plus a feed rate (F) are required.

Z CODES:
- A Z dimension raises the cutter above the work surface.
= A Z- dimension feeds the cutter into the work surface.

« Z2.100 is the recommendead retract distance above the
work surface before a rapid move (G00) is made to
another location.

RADI / CONTOUR Requirements:
= The starf point of the arc (XY coordinates)
« The diraction of cutter travel (GO2 or G03)
« The and point of the arc (XY coordinates)
« The center point of the arc (IJ coordinates) or the arc
radius)
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B CNC Programming Hints — TURNING

e Indicates the X Z 0 (zero) location which is the
starting point for programming.

'@' Indicates the tool-change position.

A G92 code will reset the axis register position
coordinates to this position.

For a program to run on a machine, it must contain the follow-

ing codes:

M3 To start the spindle/cutter revolving.

SXXX The spindle speed code to set the r/min.

Fixx The feedrate code to move the cutting tool or

workpiece to the desired position.
TAPERS/BEVELS/ANGLES

» The X Z coordinates of the small diameter, the large
diameter, and a feedrate must be programmed.

Z moves the cutting tool longitudinally away from the end
of the workpiece.

+  Z-moves the cutting tool along the length of the workpiece
towards the chuck (headstock).

X moves the cutting tool away from the work diameter,

X- moves the cutting tool into the work diameter.

By: Dr. Laith Abdullah Mohammed
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B CNC:

The abbreviation CNC stands for Computer(ized) Numerical(ly) Control(led), and refers
specifically to the computer control of machine tools for the purpose of (repeatedly)
manufacturing complex parts in metal as well as other materials, using a program written in a
notation conforming to the EIA-274-D standard and commonly called G-code.

CNC was developed in the late 1940s and early 1950s by the MIT Servomechanisms
Laboratory. CNC machines were relatively briefly preceded by the less advanced NC, or
Numerical(ly) Control(led), machines. The introduction of CNC machines radically changed the
manufacturing industry. Curves are as easy to cut as straight lines, complex 3-D structures are
relatively easy to produce, and the number of machining steps that required human action have
been dramatically reduced. With the increased automation of manufacturing processes with
CNC machining, considerable improvements in consistency and quality have been achieved.
CNC automation reduced the frequency of errors and provided CNC operators with time to
perform additional tasks.

CNC automation also allows for more flexibility in the way parts are held in the manufacturing
process and the time required to change the machine to produce different components. In a
production environment, a series of CNC machines may be combined into one station,
commonly called a "cell", to progressively machine a part requiring several operations. CNC
machines today are controlled directly from files created by CAM software packages, so that a
part or assembly can go directly from design to manufacturing without the need of producing a
drafted paper drawing of the manufactured component. In a sense, the CNC machines
represent a special segment of industrial robot systems, as they are programmable to perform
many kinds of machining operations (within their designed physical limits, like other robotic
systems).

W G-~code:

G-code is a common name for the programming language that is used for NC and CNC
machine tools. It is defined in EIA RS-274-D. G-code is also the name of any word in a CNC
program that begins with the letter G, and generally is a code telling the machine tool what type
of action to perform, such as:

rapid move

controlled feed move in straight line or arc

series of controlled feed moves that would result in a hole being drilled.
change a pallet

Set tool information such as offset.

There are other codes; the type codes can be thought of like registers in a computer

X position

Y position

Z position

M code (another "action” register)
F feed rate

S spindle speed

N line number

R Radius

T Tool selection
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| Arc data X axis
J Arc data Y axis.

G-code files are output by CAM software such as Smartcam, Gibbscam, Featurecam,
Edgecam, Mastercam, etc. G-code is also output by specialized CAD systems used to design
printed circuit boards. Such software must be customized for each type of machine tool that it
will be used to program.
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G-CODE DESCRIPTION
GO0 Rapid traverse (linear)
G01 Linear Interpolation at feed rate
G02 Circular interpolation (CW) R+
GO03 Circular interpolation (CCW) R+
G10 Zero point tools
G20 Imperial data input
G21 Metric data input
G27 Reference return check
G28 Reference return
G29 Return from reference
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G33 Thread cutting

G40 Cancel cutter radius compensation
G41 Cutter compensation left
G42 Cutter compensation right
G54 Work co-ordinate system no.1
G70 Finishing cycle

G71 Stock removal turning
G72 Stock removal facing
G74 Face grooving

G75 Diameter grooving

G76 Threading cycle

G90 Absolute date input

G911 Incremental data input
G9%4 Feed /minute mode

G95 Feed /rev mode

G96 Constant surface speed mode
G97 Cancel Constant surface speed

2 yal) daayual) ASLal)  Jo Jand Al A SN el i sl
Had) 42 ) A9

M-code FUNCTION
MO0 Program stop
MO03 Spindle forward (Tool forward — M94 mode)
MO04 Spindle reverse (Tool forward — M94 mode)
MO05 Spindle stop (Tool stop — M94 mode)
MO8 Coolant on
M09 Coolant off
M30 Program end (with rewind)
M48 Turret shortest path
M52 Turret direction up (CW)
M53 Turret direction down (CCW)
M73 Chuck open
M74 Chuck close
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CNC MILLING MACHINE
MECHANICAL CONSTRUCTION

BGuideways
The guideways of CNC machines are made of steel. To reduce the frictional
forces, they are coated with a strip of PTFE (Poly Tetra Fluoro Ethylene).

Guideway

MBallscrews

On conventional lathes a leadscrew is used to converts the rotary motion of the
hand wheel into linear motion of the slides. Leadscrews have a high coefficient of
friction and backlash. On CNC machines a ballscrew is used instead of a leadscrew.
Friction and backlash are much less than on leadscrews.
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eMachining operations:

Direction of cutting:
Based on the direction of the cutter rotation and work piece feed, milling
operations are classified into two types.

1-Up milling (Convention milling)
In up milling, the metal is removed by rotating the cutter against the direction of
travel of the part.

Chip thickness at the

exit of the tooth
[ Cutting tool

e J

Feed =— Part

2-Down milling (Climb milling)
In climb milling, the metal is removed by rotating the cutter with the direction of
travel of the part.

Chip thickness at the

[ entrance of the tooth
/ Cutting tool |‘_’|

Part
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eTooling

Tool geometry
The geometry of the tool tip affects the way that the metal cutting is performed.
The nose radius, rake angles, relief angles, etc. must be selected with care.

Approach angle /’
v

- Radial relief

f

Radial rake

Axial relief

Corner radius /

Face mill
Face milling cutters are used to mill flat surfaces.
Commonly used face milling cutters:

Cutter with 75 degree approach
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«CNC Programming

Axes convention
The Z axis is along the spindle axis. The X and Y axes are perpendicular to

Z.

VMC

+7
A
+Y
= +X
Y
-Z

GO00 Rapid traverse

When the tool being positioned at a point preparatory to a cutting motion, to save
time it is moved along a straight line at Rapid traverse, at a fixed traverse rate
which is pre-programmed into the machine's control system. Typical rapid traverse
rates are 10 to 25 m /min., but can be as high as 80 m/min.

By: Dr. Laith Abdullah Mohammed Page 39 of 66



Production Engineering — CNC Lab Lab Sheet

Format N_ GO0 X_Y_Z

GO01 Linear interpolation (feed traverse)

The tool moves along a straight line in one or two axis simultaneously at a
programmed linear speed, the feed rate.

Format N_GO1X Y _Z F

Feed

Part

G02/G03 Circular interpolation
The tool moves along an arc in two axes simultaneously at a programmed linear
speed, the feed rate.
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A &

Format

N G02/03X Y Z | J K F using the arc center
N G8§/03 X Y Z R _F__ using the arc radius
G02 moves along a CW arc

G03 moves along a CCW arc

Arc center

The arc center is specified by addresses I, J and K. I, J and K are the X, Y and Z
co-ordinates of the arc center with reference to the arc start point.

Arc start
Arc end T /
-
;

53]

@—_  Arccenter
o X

| = X coord. of center - X coord. of start point
J =Y coord. of center - Y coord. of start point
K = Z coord. of center - Z coord. of start point
I, J and K must be written with their signs.
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eWork holding:

Component

Stud

Clamp

Fixture base

Rotary table

Fixtures
The use of fixtures

Improves repeatability of dimensions.
Improves working conditions.

Cuts down requirement of skilled labour.
Reduces part loading and unloading time.
Improves safety in the working area.
Reduces the cost of machining.

ok wdrE

There are two types fixtures commonly used

1. Special fixture:

Special fixtures are used to hold and locate the typical components which are
having complex shape and to be located with the reference hole (dowel hole).
Special fixtures are required for components like gear case cover, cylinder heads,
etc.

2. Modular fixture:

Modular fixture is a set different kind of clamping and locating elements. These
fixtures are used to hold identical components in different sizes and components of
box type. Example: Manifolds, head stocks, connecting rods, and flanges.
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Lab Sheet

eMachine setting:
Determining X and Y work zero offset

Case 1

End mill or reamer \

Machine table

Work offset X0,Y0
For determining X work zero offset

e Touch the periphery of the end mill or reamer to the part.
e Enter current machine X value + cutter radius as X work zero offset.

For determining Y work zero offset

e Touch the periphery of the end mill or reamer to the part.
e Enter current machine Y value - cutter radius as Y work zero offset.

Case 2

) Work offset X0,YO
End mill or reamer \

Machine table

e Mount the dial indicator on machine spindle, true the bore.
e Enter current machine X and Y value as X and Y work zero offset.
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O How to Select a Cutting Fluid:

One part of the metal cutting equation that is sometimes overlooked, however, is
the choice of an appropriate cutting fluid. With today’s system approach to metal
cutting, use of the right metalworking fluid has become just as much a part of the
solution as the other elements. In fact, at least one company is now integrating
cutting fluids and cutting tools into effective metal cutting systems. Following are

some things to consider when choosing your next cutting fluid.

BThe Four Key Questions

There are four vital pieces of information that are necessary when choosing a
cutting fluid. They are:

1. What are you cutting?

2. What is the chemistry of your water?

3. What are you using now?

4. What are your options?

5. What do you prefer?

E\What Are You Cutting?

The first question — “What are you cutting?” — is often the most difficult to answer,
because most shops handle a variety of workpiece materials on a regular basis. If
the answer is an unequivocal “aluminum,” or “stainless steel,” or *“cast iron,” the
selection of a cutting fluid can be quite simple and straightforward. Unfortunately,
that is seldom the case in anything but a high-volume plant. Where aluminum or
other nonferrous metals are a significant part of the mix, a non-staining cutting
fluid is a must. Generally speaking, this will be a semi-synthetic with special
ingredients to prevent bi-metallic corrosion and staining of non-ferrous workpieces.
Where the ferrous metals predominate, however, a more general purpose semi-

synthetic or hybrid fluid might be a more economical choice.
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W\What is The Chemistry of Your Water?

The second question — “What is the chemistry of your water?” — is probably the

single most common reason for the success or failure of a cutting fluid. Very few
plants invest the money necessary to install effective water purification systems
using deionization or reverse osmosis technology. Unfortunately, the chemicals
present, or not present, in the water used to re-constitute a cutting fluid make a
tremendous difference in its performance and sump life. Most manufacturers of
cutting fluids will perform the necessary water testing to determine exactly what
minerals are dissolved in your water and make a fluid recommendation based on

the results.

W\What are you using now?

The third question — “What are you using now?” — helps narrow the range of
choices. When coupled with an objective analysis of the strengths and weaknesses
of the current fluid, the answer to this question can quickly point you toward a
relatively small number of competitive alternatives that have the attributes required
to meet your cutting needs. Many cutting fluids are in use today simply because
they were in use yesterday. It is a hard reality of today’s marketplace that if one
iIsn’t constantly striving to improve, they will certainly be overtaken by a

competitor who is.

W\What Are Your Options?

The fourth question — “What are your options?” — leads to the final selection of a
cutting fluid. Cutting fluids can be divided into four general groups, based on their
chemistry.

They are:

* Soluble Qils — quite literally, oil dispersed in water.

* Synthetics — completely oil free, man-made coolants in solution.
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* Semi-Synthetics — a mixture of natural and synthetic lubricants with up to 30%

mineral oil.

» Hybrids — a special class of semi-synthetics with a mineral oil content of about
15%. Each fluid type has advantages and disadvantages which make it suitable for
a particular group of applications. In addition, there are cost/performance trade-
offs to be made between the groups within a specific set of applications. For
example, where a hybrid and a semi-synthetic may both be suitable for a particular
use, the hybrid might provide longer sump life at a slightly higher initial cost,
while some semi synthetics may be more economical to recycle or dispose of while
not giving as long a tank life. The final decision in this case would have to be made
on the detailed economics of the shop where the fluids were to be used, and on the

owner’s individual preferences.

HWSoluble Oils

Soluble oils are oils that disperse in water when emulsifiers are added. They are
generally suitable for moderate-to heavy-duty machining and grinding of all non-
ferrous metals, carbon and cast steels, and in applications where dissimilar metals
such as aluminium and steel are present. They can also be used in turning, drilling,
tapping, reaming, gear cutting, broaching, as well as internal and centerless types
of grinding operations. Soluble oils provide excellent aluminium and copper
corrosion control; good rancidity control, which extends fluid for long lasting,
trouble-free performance; and good concentrate and mix stability, making it ideal
for mixing in water with a minimal amount of agitation. An example of this is

Valenite’s VNT®-650 premium heavy-duty soluble oil.

WSynthetics
Synthetics are completely oil free solutions made of polymers, organic and

Inorganic materials that are mixed with water. These clear, low foaming and bio-
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stable coolants are ideal for machining and grinding of ferrous materials, carbon

steels or cast iron. Their complex lubricant packages make synthetics well-suited
for tough-to-machine materials such as stainless steels and high-temperature alloys.
Certain synthetics are specifically designed to address the primary failure modes of
flank wear and nose wear. Although there are many benefits, some synthetics may

cause staining of non-ferrous materials.

BSemi-Synthetics

Semi-synthetic fluids are a mixture of oils, synthetic emulsifiers and water. They
were primarily developed for the aircraft, nuclear and related industries.
Consequently, they work extremely well on all non-ferrous metals such as titanium,
aluminium, copper, brass, bronze and stainless steel in both machining and
grinding. Semi-synthetics can be used on ferrous metals, too. They are chlorine-
free to reduce bi-metallic corrosion and staining of metals. They should be used at

a 5-8% dilution with water, depending on the severity of the operation.

WmHybrids

Hybrids are cutting fluids custom engineered to solve a particular problem. For
example, Valenite’s VNT®-800 was developed to be very clean in the machining
and grinding of cast iron. It provides better stability in hard water and rejects tramp
oil very well, which adds to its bio-stable chemistry. Hybrids work extremely well
on all metals in both machining and grinding. They should be mixed at a 5-7%

dilution with water, depending on the condition of the water.

E\What Do You Prefer?
The final question — “What do you prefer” — is usually the “tie breaker” where
there is more than one appropriate cutting fluid available. Here, again, as in the

case of what is being used now, the key is to examine your preferences objectively
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and specifically to identify the real reasons behind a preference. If you cannot

point to specific reasons why one class of cutting fluid is preferred over another,
you are well advised to follow the recommendations of the professional who has
analyzed your requirements. Choosing the right fluid today is easier than ever, as
the system approach to metal cutting productivity continues to grow in acceptance.
The day is not far off when choosing a complete solution will be as easy as
choosing the right insert and chip breaker today. The answers are available, and the
results will more than justify the time you spend choosing the right metal cutting
fluid.

Useful Links:

www.ball-screws.net

www.lubelink.com
www.machinerylubrication.com
www.advancedmanufacturing.com
www.mmsonline.com
www.cuttingtoolengineering.com
www.geartechnology.com
www.engineersedge.com
www.agma.org
www.efunda.com

www.sae.org

WwWw.sme.org

www.astm.org

WWW.iss.org
www.machinetools.com
Www.ansi.org

www.asme.org

Www.cncci.com

www.matls.com
www.thefreedictionary.com

www.engineersupply.com
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S ur f CAM Tutorial - Beginning with the basics

Background

SurfCAM is a computer aided manufacturing (CAM) software which allows you to create,
manage and modify tool paths for computer aided designed (CAD) part. The software requires a
CAD model, or requires that you create some geometry within SurfCAM with some rudimentary
tools provided. The tool paths are created or stored internally in SurfCAM in a generic
programming language called APT. Once the tool paths are created, the APT paths are
translated using a post processor into typical machine G-code.

Opening SurfCAM

SurfCAM can be opened from the Novell Applications Launcher on most Industrial Engineering
computer labs workstations. Search under “all’ applications and double click on SurfCAM 2005.
Once the program opens, a license must be selected from the list (not the Demo license) to
enable saving the file later.

Choose one of the 30 licenses available. If for some reason the licenses are not listed, on the
license manager form, select server list and type “bonnie.eos.ncsu.edu”. A list of available
licenses should appear. Select a license and click OK.

After the license is selected an Add Stock/Fixture form (Figure 1) opens allows you to add a
model which represents the pre-machined stock or a fixture. Click on OK without adding either.
Both of these items can be added later under a more appropriate dialog.

Add Stock/Fixture

Stack l Fisture |

g Current Stock: |More v Stock Type: |Box -

Current Stack Info

Coords;

Comerl: 3 [0.0000 v: |0.0000 Z |0.00o0

Comer2  %: [0.0000 'v: [0.0000 z [o.0000

Geometry Bounding Box Offeet; {00000

Coordinate Systern: " world

[ Danot display this dialag in the future

0K | Cancel | Help |

Figure 1 Add Stock or Fixture dialog box
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SurfCAM Interface

T SURFCAM 2005 B120 - <Untitled>

File Create Edit Display MNC Analyze Tools Help
DEEE He @ olivhed | X% BJ-
M Color: 40 EE-igw: 1 + WORLD %CV\BW: 1 DLa_yer: 1 @ g - Y)x\x Coord: VIEW i Mask: OFF  ~ I D 0,00000 beeiSy 1, 00000 hd

Figure 2 SurfCAM Windows based interface

SurfCAM is a windows based software system, so most of the typical windows functions under
File are applicable. This is where you can open, save, exit, print etc.

The Create menu allows the user to create different geometry forms. Here you can create a

point, line, surface, chamfer, circle and many other geometry types. For the most part, these

functions are not used by beginners, but are useful when creating bounding curves where you
don’t want the tool to move outside (constraining the tool).

The Edit menu allows you to change or modify many different entities such as changing lines,
altering surfaces, joining surfaces, trimming or breaking elements, add control points etc. Again
these features are helpful to advanced users and are not covered in detail in this tutorial.

The Display menu offers the ability to change the orientation of the part on the screen. The
typical rotate, pan, fit to screen, and zoom functions are available, as well as several functions
which allow the user to shift between views or call up a named view (i.e. top, bottom, etc).

The NC menu is the main machining interface menu. In this menu you select the general form
of machining (2 axis, 3 axis, 4 axis, 5 axis, turning etc) and under the general form a more
specific machining function is selected. This menu is the most used and the options contained
must be fully understood to get the most out of SurfCAM. Each function will be described in
some detail in a further chapter.

The Analyze menu contains options such as measuring the distance between points, angles,
tangency, elements, etc. These functions are auxiliary functions meant to help you understand
the part better, but basically provide no functionality for making tool paths for CNC machines.
Thus these will not be covered.

The Tools menu allows the user to change the system options, modify keyboard shortcuts,
change the model units etc. These options are again not used by beginners.

Finally, the Help menu provides access to the online users manual. In lieu of clicking the Help
menu, the F1 key is the shortcut key for help (as it is in most windows based programs).

Importing a CAD model

Importing a CAD model that is stored locally is done by selecting File->Open. On the Files of
type: dropdown box, choose the type of file you wish to open (Figure 3). Do this prior to
negotiating your way through the maze of folders to prevent having to go through the folder tree
again. Once the file type is selected, find the file you are trying to open and click the Open
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button. SurfCAM will then attempt to read the file you have selected. SurfCAM may provide a
dialog box describing what it has imported and identify if it was successful. If this dialog is
provided, simply click close without saving.

Look in: |55 5u2005 v e @t E-
-1 ) Def ) viewIndicatars
K9 [C3)Edithe

My Recent =) Faradrm
Documents [)Filkers

r I)help
IZ)images
Diesktop (5 NC. MCD
I license
_,j | MPast
My Documents g :EE::?:":
— ) SOMC
.;!)'_g |1 Spost
PCOD-1T4Ps | Trans
) Uils
“
—
My Network  File name: | ﬂ Open |
Flaces
Files of type: |DEMD Files(".SCEDU;"DEM] j Cancel |
Shi Files [ zhn) A

SPAC Files["5P4)

IJF Files[* SUP
Solidworks File[* PRT." SLOPRT]
WA Files[" WDA)
[Optional] CATIA W4 File [x1] [*. model *.exp)
[Optional] CATIA %4 File (2] [*.model * exp)
[Optional] AutaCAD Inventor Files(".ipt)
[Optional] ProsE File (21] [ prt]
[Dptional] Pro/E File [22] [".prt:" prt.") bt

Figure 3 Open Dialog. Note - Change type of file prior to finding the file you wish to open.

SurfCAM allows a user to import several different types of CAD files, the most common types
which you will likely import are SolidWorks part files (*.sldprt or *.prt), AutoCAD files(*.dxf)
or IGES (*.igs or *.iges). Native file import (such as is the case with SolidWorks) provides the
greatest information transfer, and generic file imports (such as is the case with IGES) provide the
least. Normally it is to the advantage of the user to use native file importing procedures when
available.

Recently (2005) SurfCAM added some compatibility with SolidWorks. This allows the user to
create tool paths for a part, and if an engineering change is needed for the part, update the part in
SolidWorks. When the part is then opened in SurfCAM, the changes are noted and a simple
update operation command is needed. This however does not operate with complete
transparency and/or accuracy, and thus users need to be cognizant of changing CAD models.

SurfCAM Geometry

In SurfCAM, two basic types of geometry are used, the surface and the point. A surface (Figure
4) is a so called spline (NURBS or B-Spline are the two most common) surface (parameterized
by two values, u and v) such that every location on the surface can be defined as a function of
these parameters. In other words, SurfCAM can calculate the location of any point on the
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surface. Surfaces are used primarily in 3, 4 and 5 axis machining and require a significant

amount of processing power and time.

Figure 4 Surfaces model of a mold half. Note the difference between this and Figure 2, a wireframe model

Point or line based models are often referred to as wireframe (Figure 5) models, because the
models consist of connected lines and resemble the part only at the intersection of two surfaces.
Wireframe models were made popular ‘back in the day’ when computer processing was
expensive. There are times when each of the models are important, and selecting model
geometry when applying a SurfCAM operation will be much simpler if you understand the
differences between the two. When importing a SolidWorks model, the default is both the
surfaces and the wireframe geometry are imported.

Figure 5 Wireframe model of the mold in Figure 1

Steps to Creating Tool Paths

Once a CAD model is imported into SurfCAM, tool paths can be created. There is no one
correct way to create tool paths, however there is a set of general steps to take to ensure the tool
paths are created with a minimum amount of hardship (note the wording...Hardship is inevitable
when creating tool paths, it is the intent of this manual to minimize this). The following is a list
of steps which should be considered when making tool paths:
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1. Plan ahead.

a. Orient the part in SolidWorks such that if only one side is to be machined, that
side is the Top view. This can be done early in SolidWorks by choosing a plane
parallel the X-Y plane as the sketch plane for the machined geometry.

b. Orient the part in SolidWorks such that the origin is somewhere of relative
importance and someplace in space that can be easily identified when placed on
the machine. This is extremely important to minimize set up time at the machine
(note — my personal preference for a part that is to be fully machined [i.e. stock
exists on all sides] is to place the origin at the center and top of the part...just my
preference).

c. Orient the part in SolidWorks such that the X and Y axes are aligned as you want
them on the machine...

d. Planning ahead will save you many hours of headaches later...trust me.

2. Import the model
3. Choose a construction view such that the tool approaches the side to be machined
from the positive Z axis direction (as defined by part origin).

a. This is done by clicking on the CView: icon ' < & ¥4 F | X

UWORLD | g Chisw: 1

b. From the list of named views chose the view which orients the origin as you
would like.
c. If one of the views does not fit your criteria, you have two choices
i. Perform a transformation of the part in SurfCAM or SolidWorks
ii. Add a new construction view by selecting new. This option requires a
relatively good understanding of right hand coordinate frames, but is very
useful...Normally used by more advanced users.
d. Be sure the Coord:VIEW selection is made vs. Coord:WORLD. This ensures the
tools will be controlled from the coordinate
frame selected by the view (i.e. the origin on
the part) instead of the origin on the lower left g & ' 1 cood: view &
corner of the screen. This will be especially
important when we get into 4 and 5 axis
machining.
4. In the Operations Manager (Figure 6) select Setup One and change the name to
something meaningful — like Front Side Mold Cavity
a. Access the Operations manager by right clicking or by
selecting the Operations Manager icon in the tool bar g
b. Operations Manager is where the tool paths are managed
once they are created, as well as where individual tool paths can be verified.
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i SURFCAM NC Operations Manager - <Untitled>
BB &[=|8| X| O 4|87 afd|F| O|F|x|5]o0]oc|

| 3 pis |

Cincinnati A2100 WhC 2-2
FamUC

HAAS

FaDAL

DYNAPATH
MAZAK

p NURB
APT-CL

Display all posts in postformm
" Small lcons * Large lcons Post | Done Help |

Figure 6 Operations Manager view showing setup one re-labeled as
Front Side Mold

5. Roughing Tool Paths
a. Create the tool paths to remove the majority of the material (if applicable)
b. Use NC->3Axis->Z rough or Plunge Rough
c. Described in next section
6. Create Finishing Tool Paths
a. Described in next section
Add another setup if necessary
Perform steps 3 through 6 as necessary
Verify the tool paths are correct
0. Use a post processor for the tool paths to create G-Code for machine.

B2 oo~

Creating Tool Paths

The following is a list of operations, what they are intended for, how they generally work, and
some parameters that may be adjusted to modify the tool paths.

2 Axis tool paths

Unless otherwise noted, 2 axis tool path functions require lines or arc segments as input
parameters (as opposed to surfaces). There are several options as to how these segments are
chosen, the most prevalent is the chain option and the second most prevalent is the single.

When choosing the line segments using the chain option, SurfCAM will try to link a complete
path of segments based on an initial segment chosen by the user. If the operation is planer (i.e.
pocket or contour) the segments must lie on the same plane. If the operation is non-planer (i.e.
contour 3D) SurfCAM will prompt the user to specify segments when it encounters a branch
point.
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When using the single element option, the user must manually choose each segment desired for
the operation. Note that most operations do not require a closed loop of segments; you may
specify, for instance, an open contour where the tool is supposed to move.

The order of choosing segments is important. This order determines the path of the tool in the
sense that if three segments are chosen such that the middle segment is chosen last, there will be
three different plunge and machine operations, one on each segment. If the operation was to
make a continuous contour around the outside of the part, the segments should be chosen in
order of the desired tool trajectory.

Operations:

Pocket

Pocket operation in SurfCAM is used to cut an enclosed space, from the inside to the outside, at
one particular depth. The operation starts in the center of an enclosed area (with a plunge move
in the —Z direction) and makes incremental closed paths towards the pocket boundaries in user
defined path offsets (Figure 7). The user chooses the boundary of the pocket (line segments),
and if more than one pocket is chosen, SurfCAM will ask the user to click inside a pocket.

Figure 7 Two examples of using the pocketing operation

The pocket operation allows for creating a projection of the pocket paths on multiple planes.
This is useful if you have a deep pocket which will not allow the tool to cut directly at the depth
of the pocket, but would be easily done using the same paths at several different Z heights. On
the cut control (Figure 8) tab the user specifies where the chosen geometry (pocket segments) lie
(i.e. bottom or top). Then under the amount to remove, specify the total material height to be
removed and the rough spacing (amount you wish to advance the Z axis with each pocket step).
You may also specify a finishing pass and as well as stock to leave.
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Toaol Information  Cut Cantral lMateriall 2bxis Dptinns]

Cuting Method TR - | -
Curve Tolerance: |[|_ oo o0 %

R apid Plane; IW ﬂ

Plunge Clearance: |[|_1 noon

Geametry: |Bott0m ﬂ | J

Taper Angle: |u_ 000oa

Cutter Compenzation: |foset j |
On Sides: InZ:
Amount To Remove: |U_UDDDU |D.D450EI j
Fiough Spacing: |E|_E|E|44D |D.DEID25
Finizh Pazzes: |1 |D
Finish Spacing: 0,004 |0.00044
Stock To Leave: |D_DDDEIIJ |D.UUUUU
Leadin Move: Ham Plunge Type: Helical
Leadaut Mave: T B
[ Enable High Speed Machining
’7
’7

]S | Cancel | Help

Figure 8 Example of Contour Operation with multiple passes

Contour

Contouring in SurfCAM is used to perform peripheral milling on the inside or outside of a line
segment (Figure 9). The user is to identify the line segments which define a contour (does not
have to be a closed loop of segments). SurfCAM may or may not require the user to specify a
side to contour (i.e. which side of the line is the tool to cut). For contouring each segment must
lie on the same plane.
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Figure 9 Examples of parts cut with 2-Axis Contour

Contour 3D

Contour 3D is the same operation type as contour, but allows the user to specify segments on
different planes for the tool to cut along.

Drill

Drilling operations are any rotating tool operation meant to engage the part from a single
direction — namely from the positive Z direction. Drilling operations can be specified using
circle, point or line segments. After choosing NC->2-Axis->Drill, SurfCAM allows the user to
choose multiple circles or points defining holes to be drilled. Drilling operations also allow the
user to incorporate more than 1 operation, such as a center drill, a drill and a reaming operation.

After selecting the locations for the drilling operation, a dialog box (Figure 10) allows the user to
add, change or delete tools to be used in the operation. As displayed in the following figure, the
spotdrill operation is followed by a drilling operation followed by a tapping operation. The
depth of each tool can be controlled individually by double clicking the total depth cell in and
manually entering. Tools can be added before or after operations which the cells are highlighted
by selecting either of the insert buttons at the top, or by the insert menu. Select tool button
allows the user to change the tool size or type.
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Hole Processing - 2axis Hole Process <Untitled>
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Wwork Offset: |0 Tool Material | High Speed Steel =
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Figure 10 Drill operation manager. Several operations can be completed at one time

v

Figure 11 Drill operation including the spotdrill, drill and tap as outlined in Fig. 10

3 Axis tool paths

SurfCAM requires surfaces as inputs for 3 Axis tool paths. Surfaces can be created in SurfCAM,
but are most easily created in a CAD package and imported into SurfCAM. Surfaces allow
SurfCAM to identify every point on the surface in 3 dimensions, unlike 2D geometry
(wireframes) which only identify positions on the plane. Creating tool paths with complex
surfaces takes a very significant amount of processing power so expect 3 Axis tool path
generation to take longer.
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Operations:

Cut

3 Axis cut operation takes a surface and using the flow lines creates a rastering path over the
surface, with the tool tip riding on the surface. The primary direction will be defined by the flow
lines of the surface (which can be edited by Edit->Surfaces->Arrow->Direction). If you intend
to cross surface boundaries, you must merge the surfaces (Edit->Join and choose the two
surfaces).

Z-Rough

The Z-rough operation is used to remove a large amount of material prior to finish machining.
Roughing operation is typically the first operation you perform for each setup.

The Z-Rough operation cuts the part in user defined intervals. For each of these intervals a
surface intersection between the part and the plane is performed and a 2D pocket or contour
operation is performed on that plane. This is performed on each plane.

When choosing NC->3 Axis->Z rough, the first dialog box you will encounter asks for a
bounding box to be defined. Choose the Extents Box and a second dialog box will ask for the
coordinates which define the box (Figure 12). This is the stock size you expect to machine the
part from. Input the coordinates, or change the additional offset amounts (in XY or Z) as
appropriate and click Calculate Bounding Box.

SURFCAM Material Extents Box e

Lowver Left Corner: Ok,

Al oooooo I
Cancel
! | -0.50000000

Z [.n10000000 R

Upper Right Carner:

® | 550000000
| 4.50000000
Z |1 50000000

Additional Offzet Amounts:

®Y Offset | 50000000
ZOffset | 10000000

Calculate Bounding Box |

Figure 12 Material Extents Box Example

Next choose the tool and cutting parameters that you desire and click on the Cut Control Tab
(Figure 13). Here you will find the following parameters which are often changed: Stock to
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leave — this is an offset amount from the surfaces which leaves a small amount of material to
finish machine; Minimum and Maximum Z values — Defines area to machine; Z Step Size — This
identifies the plane intervals for the surface intersection planes (the first interval will be at the top
of the selected area and successive increments down in Z will be cut until the Minimum Z value
is reached)

SURFCAM 3Axis Z Rough E]@
Tool Infarmation Cut Control ] Paocket Dptions] 3huis Dptions]
Cutting Method: hd
Stock To Leave: 00300
Rapid Plane: |2 gono i‘
Maximum 24 alue: (1 5000 i‘
Mirimurn Z4/alue: [01000 i
Surface Tolerance: [po100
Z Step Size: (00500
# Step Size: [noson

Plunge Clearance: (01000
Plunge Pairt Selection: | pamatic =

Side Clearance: |None j |
Leadin Move: w Flunge Type: m
Leadout Maove: w

[” Enable High Speed Machining

e
o

@eﬂ

Ok | Canicel Help

Figure 13 3Axis Z Rough Cut Control

The 3Axis Z-Finish operation works in exactly the same way. 3 Axis Z-Finish is most
appropriate for finishing vertical or near vertical walls.

3D Offset

The 3D Offset operation creates a tool path using a 2D or 3D boundary by offsetting the
boundary in concentric offset cutting passes. Each pass calculates the tool engagement and
maintains the engagement somewhat constant. The advantage (significant) is the scallop height
— height of the material between passes — is controlled, thus the surface finish is predictable.

When choosing 3D Offset, surfaces are selected as well as 2D or 3D boundaries. The boundaries
define the concentric offset paths shape, as well as limit the tool path area. Choose NC->3Axis-
>3D Offset from the drop down menus. SurfCAM will prompt you to select the surface or
surfaces to cut across. Select the surfaces you wish to machine and then select the tool and
cutting parameters you wish use. Next select the Cut Control Tab and check the Use Boundary
Curves option. Set the Step Type to Scallop and set the maximum scallop height. If you like,
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you can also add stock to leave, if this is a roughing operation. You can also set the Direction
and Start-End parameters from this tab. Click OK and the paths will be generated.

SURFCAM 3D Offset ?Ix

Tool Information Eut Contral ] Faxis Dptions]

Stock To Leave: |0

Surface Tolerance: |0.0070
Rapid Plane: |2 5000
Flunge Clearance: |0.1000

Iv¥ Use Bounding Curves

Boundary Method:

Direction

f* Clockwize

" Counterclockwize

Start - End
" Inzide - Out

f* Dutside - In

Step Type: Seallap w | Scallop Height: |0.0002

o]

Cancel

Help

Figure 14 Cut Control Tab for 3D Offset

Example part using both 2D and 3D geometry

The tool paths for this mold will be generated in SurfCAM using 5 operations. The first will be a
roughing operation using a % inch flat end mill with the Z step size of 0.0625in. Choose NC-
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>3Axis->Z-Rough from the drop down menu. Select all visible surfaces and create an extents
box that has 0.25inch XY offsets and 0.1inch Z offset. Next select the ¥ inch flat end mill from
the tools menu. Under Cut Control tab set the Z step size to be 0.0625inch. The tool paths will
look something like Figure 15.

Figure 15 Z-Rough Tool paths for Example Part

Next a flat surface operation will be performed to cut the flat surface on the top. Select NC->3
Axis->Flat Surface from the drop down menu. Select all visible surfaces again. Choose the
1/2inch flat end mill and set the cutting parameters as desired. Under Cut Control Tab change
the Minimum Area to 5.0 square inches (Figure 16). The tool paths should look something like
Figure 17.

SURFCAM Flat Surface

Tool Infomation Cut Contiol | Pocket Dptians | 34ws Options |

DutngMethod: [Cint,— v]

Stock ToLeave: [30000
RapidPlane: [Zgoon :f|
Masimum Zvae [ts00
MimumZVabe [oooo0
Surface Tolerance: [0 o0io
Flst Gurtace Talerance: (0020
Minirum Area:
W StepSie nzoon
Plungs Clesrance: (37000

Amount to Remove: [0,0000
Leacin Move Noe

Leadout Hove: More

Plunge Type: Flunge

0K | Camced | R |

Figure 16 Cut Control for Flat Surface
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Figure 17 Flat Surface Tool Paths

Next we will use a 3D offset operation to cut the mold cavity. Select NC->3 Axis->3D Offset
from the dropdown menu. Change the view to the top view and select within to capture the
surfaces of the mold cavity. Draw a rectangle around the mold cavity. Select a 1/8 inch ball
endmill from the tool library and set the cutting parameters as appropriate. Next set the Cut
Control tab parameters as in Figure 14. The paths creates should be similar to Figure 18.

Figure 18 3D Offset Paths

Next we will perform a 2 Axis contouring of the top section. Select NC->2 Axis->Contour from
the dropdown menu. Using the chain option, select the bottom contour of the top extrusion.
Select the %2 inch flat end mill from the tool library and set the cutting parameters as required. In
the Cut Control Tab change the Geometry to Bottom and the amount to remove in Z to 0.5.
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Change the Rough Spacing in Z to 0.25 and add 1 finish pass of 0.02 (Figure 19). Click OK and
SurfCAM will instruct you to choose a side to contour. Click anywhere on the screen OUTSIDE
the geometry you selected for the contouring operation. Failure to click outside the geometry
will result in the tool being on the wrong side of the contour. Your paths should look something
like those in Figure 20

SURFCAM 2Axis Contour E]g]

Tool Infarmation  Cut Control l Material] bz Dptions]

Cutting Method: ’m T
Curve Tolerance: [0.oo10 é
Rapid Plane: |2 gooo i‘
Flunge Clearance: [0 1000

Geametry: |1
Taper &nale: [0 nooo [
Cutter Compensation: |foset j |
On Sides: InZ:
Amount To Remove: 0.0000 0.5000 i

by . | | = -
A Rough Spacing: |D_2DDD |D.25UU

Finizh Pazsses: |-| |‘I :
e - .
| Finish Spacing: |D_D2DD |D.D2UU
v Stock Toleave: | [00000 [0.0000 =
. Leadin Maove: Mare Flunge Type: Plunge f
7] Leadout Move: None I~ Machine Left-aver Material

!

™ Enable High Speed Machining =

——
T

it

QK | Cancel | Help | H<

L. I

Figure 19 Cut Control Tab for the Contouring Operation

Figure 20 Contouring operation paths
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Next we will perform a 2 axis pocket operation for the small pocket on the top face of the mold.
Select NC->2Axis->Pocket and using the Auto select feature, select the boundary curve at the
bottom of the pocket. Click Done twice and select the % inch flat end mill from the tool library.
Set the appropriate cutting parameters and click OK. SurfCAM will prompt you to click inside
the pocket. Click anywhere inside the geometry you chose to define the pocket. The resulting
paths should look something like those in Figure 21.

Finally we will add a drilling operation for the 2 holes at the corners of the mold. Select NC->2
Axis->Drill from the dropdown menu. Select the top circles defining the two holes. A menu
box will appear with a default tool (Center drill) already programmed. Add a second tool to the
list by selecting Insert->After and select the tool from the tool library. Change the drill depth to
1.0inches and click OK. The paths should look something similar to Figure 23

Hole Processing - 2axis Hole Process <Untitled> @g]

File Location Edit Insert Preview
D|(e| %[E/@x| =3

Process | Location |

[ Tol | Cycle | Tatal Depth Select Toal 0.2500 - 120 Deg - Spot Dril
2 Spotdiil 0.0541 Select Material | 304 Stainless 225-275 HB
135 Diil 1.0000 e

Tool Humber: |2 Tool Diameter: |0.2500
Length Offset: [2 # 0f Flutes: [2 —

whork Offset: |0 Tool Material: |High Speed Steel »
Spindie: Cycle Type: |5 potdril -
Turret: Dwell: {0.0000

Z Gauge Length:  |4.0000 Peck Increment:
# Gauge Length: '7 Bore Side Clearance: ’7
Coolant: ’m Spindle Speed: ,5357 ’EZW'—L|
Rapid Plane: |2.6000 ﬂ Feed Rate: 27803 [IFM ]
Retract to: ’W‘ Surface Speed: ,W

Flunge Clearance: |0.1000 Chip Load: |0.0026

< 2| Use Centering as Depth: T From Library:
Program |D: Depth to: Surface Speed:  35.0000
Comments: None Spat Drill Diameter:  |0.1875 Chip Load:  0.0026
Insert Post Processor Commands... Extend Depth: Calculate From Library v Auto

0K | Cancel | Help

Figure 22 Drill Menu
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Figure 23 Drilling Operation Tool Paths

Now you can watch a simulation of the cutting by choosing the setup in the operations manager
and clicking the simulate icon. Be sure to set the stock in the set up by right clicking the set up
and selecting Edit Setup Information. In the Stock Tab you can create a bounding box meeting
your needs and click Add. Your simulation should result in something like the following:

Figure 24 Final Simulation of the example Mold
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