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1.0 Introduction

Congratulations! Whether you bought the ProtoTRAK KMX CNC as a retrofit or as the
CNC integrated into the TRAK Knee Mill or TRAK Bed Mill, you have an excellent
toolroom machine. The ProtoTRAK KMX has an easy-to-use interface and features that
make knee and bed mill work faster and more productive.

Manual Machining is always available and made easier with features like power feed,
100 inch per minute rapids, and all the best features of sophisticated DRO’s.

Two-Axis or Three-Axis Machining is available at the touch of a button for the
prototyping and moderately complex, low volume work that is typically done on knee
mills or bed mills.

The operation of the ProtoTRAK KMX CNC has been painstakingly refined to bring you
the most useful CNC technology while retaining the ease of use that has made
ProtoTRAK the top brand in controls for low volume production.

This manual will describe the operation of all basic and optional features in the
appropriate context. Where optional features are discussed, a note will explain in which
option the particular feature is found.

1.1 Models

The ProtoTRAK KMX CNC is featured in the following products:
Model Description

Retrofits

PTKMX Two-axis CNC retrofit to your knee mill

Knee Mill

TRAK-K3KMX Two-axis CNC, 33" x 15.5,” 3 HP

TRAK-K3KMX-3 Three-axis CNC, 33" x 15.5,” 3 HP

Non-Current Upgrade Applications
ProtoTRAK MX 2-axis To KMX 2 or 3-axis

ProtoTRAK MX 3-axis To KMX 3-axis
ProtoTRAK M 2-axis To KMX 2 or 3-axis
ProtoTRAK M 3-axis To KMX 3-axis

TRAK AGE 2-axis To KMX 2 or 3-axis

1
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TRAK AGE 3-axis To KMX 3-axis
ProtoTRAK EDGE 2-axis To KMX 2-axis
ProtoTRAK EMX 2-axis To KMX 2-axis

1.2 Manual Organization Notes
This manual covers the operation of the retrofit, TRAK Knee Mill and Upgrade products
that use the ProtoTRAK KMX CNC.

Some Sections do not apply to all users. For example, if you own a ProtoTRAK retrofit,
you should skip the sections that cover the description and operation of TRAK K Mills.

Sections that may not apply to all users contain a note to inform you of this fact.

Section 2 of this manual provides important safety information. It is highly
recommended that all operators of this product review this safety information carefully.

2
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2.0 Safety

The safe operation of your knee or bed mill depends on its proper use and the
precautions taken by each operator.

o Read and study this manual. Be certain every operator understands the
operation  and safety requirements of this machine before its use.

« Always wear safety glasses and safety shoes.

» Always stop the spindle and check to ensure the CNC control is in the stop mode
before changing or adjusting the tool or workpiece.

« Never wear gloves, rings, watches, long sleeves, neckties, jewelry, or other
loose items when operating or around the machine.

« Use adequate point of operation safeguarding. It is the responsibility of the
employer to provide and ensure point of operation safeguarding per OSHA
1910.212 - Milling Machine.

2.1 Safety Publications
Refer to and study the following publications for assistance in enhancing the safe use of
this machine.

Safety Requirements For The Construction, Care And Use of Drilling, Milling,
and Boring Machines (ANSI B11.8-2001). Available from The American National
Standards Institute, 1430 Broadway, New York, New York 10018.

Concepts And Techniques Of Machine Safeguarding (OSHA Publication Number
3067). Available from The Publication Office - O.S.H.A., U.S. Department of Labor, 200
Constitution Avenue, NW, Washington, DC 20210.

2.2 Danger, Warning, Caution, and Note Labels and Notices
As Used In This Manual

DANGER - Immediate hazards that will result in severe personal injury or death.
Danger labels on the machine are red in color.

WARNING - Hazards or unsafe practices that cou/d result in severe personal injury
and/or damage to the equipment. Warning labels on the machine are orange in color.

CAUTION - Hazards or unsafe practices that cou/d result in minor personal injury or
equipment/product damage. Caution labels on the machine are yellow in color.

NOTE - Call attention to specific issues requiring special attention or understanding.

3
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NEVER WEAR GLOVES, RINGS, WATCHES, LONG SLEEVES.
NECKTIES. JEWELRY OR OTHER LOOSE ITEMS

7 N
O O
SOUTH WESTERN INDUSTRIES @ﬂ
2615 HOMESTEAD PLACE,
RANCHO DOMINGUEZ, CA 90220
MODEL
S/N

ELECTRICAL RATINGS:

VOLTS[ ___JAMPS [ |PHASE
Hz

FLA OF LARGEST MOTOR | | AMPS
SHORT CIRCUIT INTERRUPT AMPS

ELECTRICAL DRAWING #:

CNC CONTROL ELECTRICAL RATINGS:
|IF APPLICABLE

[ 115 | voLTS[ 8 JAMPS[ 1 JPHASE
Hz

60
O MACHINE (ONLY) MADE IN "XXXXXX" O
\ )

i01158

Safety & Information Labels Used On The
TRAK Knee or Bed Mills*

It is forbidden by OSHA regulations and by law to deface, destroy or remove any of
these labels
*Retrofit customers: please see the manual that came with your machine for information about safety and information labels.
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HIGH
VOLTAGE

208/480 VOLTS

WARNING

IMPROPER INSTALLATION OR OPERATION OF THIS MOTOR
MAY CAUSE INJURY TO PERSONNEL OR MOTOR FAILURE.
READ OPERATING INSTRUCTIONS.

MOTOR MUST BE INSTALLED AND GROUNDED PER LOCAL
AND NATIONAL ELECTRICAL CODES.

TO REDUCE POTENTIAL OF ELECTRICAL SHOCK
DISCONNECT ALL POWER SOURCES BEFORE INITIATING
ANY MAINTENANCE OR REPAIRS.

KEEP FINGERS AND FOREIGN OBJECTS AWAY FROM
VENTILATION AND OTHER OPENINGS. KEEP AIR PASSAGES

CLEAR.

EYEBOLTS OR LIFTING HOOKS, WHEN SUPPLIED, ARE
INTENDED FOR LIFTING THE PRODUCT ONLY AND MUST
NOT BE USED TO LIFT ADDITIONAL WEIGHT.

USE ONLY GRADE 5 SHOULDER EYEBOLTS WITH MINIMUM
THREAD LENGTH OF 1 1/2 TIMES DIAMETER.

Safety & Information Labels Used On The
ProtoTRAK KMX CNC

It Is forbidden by OSHA regulations and by law to deface, destroy or remove any of
these labels
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2.3 Safety Precautions

. Do not operate this machine before the ProtoTRAK KMX CNC Safety,

Installation, Maintenance, Service and Parts List Manual, and the Safety,
Programming, Operating & Care Manual have been studied and understood.

Do not run this machine without knowing the function of every control key, button,
knob, or handle. Ask your supervisor or a qualified instructor for help when needed.

3. Protect your eyes. Wear approved safety glasses (with side shields) at all times.

4. Don't get caught in moving parts. Before operating this machine remove all jewelry

including watches and rings, neckties, and any loose-fitting clothing.

5. Keep your hair away from moving parts. Wear adequate safety headgear.

6. Protect your feet. Wear safety shoes with oil-resistant, anti-skid soles, and steel

10

11.

toes.

Take off gloves before you start the machine. Gloves are easily caught in moving
parts.

Remove all tools (wrenches, check keys, etc.) from the machine before you start.
Loose items can become dangerous flying projectiles.

Never operate a milling machine after consuming alcoholic beverages, or taking
strong medication, or while using non-prescription drugs.

.Protect your hands. Stop the machine spindle and ensure that the CNC control is in

the stop mode:

e Before changing tools

e Before changing parts

e Before you clear away the chips, oil or coolant. Always use a chip scraper or
brush

e Before you make an adjustment to the part, fixture, coolant nozzle or take
measurements

e Before you open safeguards (protective shields, etc.). Never reach for the part,
tool, or fixture around a safeguard.

Protect your eyes and the machine as well. Don't use a compressed air hose to
remove the chips or clean the machine (oil, coolant, etc.).

12.Stop and disconnect the machine before you change belts, pulley, gears.

13

.Keep work area well lighted. Ask for additional light if needed.

14.Do not lean on the machine while it is running.

15

.Prevent slippage. Keep the work area dry and clean. Remove the chips, oil, coolant

and obstacles of any kind around the machine.

6
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16.Avoid getting pinched in places where the table, saddle or spindle head create
"pinch points" while in motion.

17.Securely clamp and properly locate the workpiece in the vise, on the table, or in the
fixture. Use stop blocks to prevent objects from flying loose. Use proper holding
clamping attachments and position them clear of the tool path.

18.Use correct cutting parameters (speed, feed, depth, and width of cut) in order to
prevent tool breakage.

19.Use proper cutting tools for the job. Pay attention to the rotation of the spindle:
Left hand tool for counterclockwise rotation of spindle, and right hand tool for
clockwise rotation of spindle.

20.Prevent damage to the workpiece or the cutting tool. Never start the machine
(including the rotation of the spindle) if the tool is in contact with the part.

21.Check the direction (+ or -) of movement of the table when using the jog or power
feed.

22.Don't use dull or damaged cutting tools. They break easily and become airborne.
Inspect the sharpness of the edges, and the integrity of cutting tools and their
holders. Use proper length for the tool.

23.Large overhang on cutting tools when not required result in accidents and damaged
parts.

24.Prevent fires. When machining certain materials (magnesium, etc.) the chips and
dust are highly flammable. Obtain special instruction from your supervisor before
machining these materials.

25.Prevent fires. Keep flammable materials and fluids away from the machine and hot,
flying chips.

26.When working in manual mode (not CNC) make sure the computer control is
switched to DRO or OFF.

27.An optional interlocked guard is available from Southwestern Industries, Inc. for
TRAK Mills if the use of the table guard is deemed necessary by the user for his
application.

7
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3.0 Description

3.1 ProtoTRAK KMX CNC Specifications

The list below summarizes the features and specifications. Each feature is described in
more detail in the appropriate section of the manual.

3.1.1 Basic System Specifications

Control Hardware
« Digital Servo Amplifiers — custom designed for ProtoTRAK operation

« D.C. Servo Motors — rated at 280 in-0z. continuous torque are twice that
required

« Precision Ball Screws — in the table and saddle

« Modular Design — simplifies service and maximized uptime

« 115V/60HZ/10 amps

 Feedrate Override of programmed feedrate and rapid

« Polycarbonate Sealed Membrane Keypad to lock out contamination
« 9.0” Color LCD

» USB port for interface with a storage device

« Rugged Industrial PC

« Glass Scale on quill for Z-axis readout

Software

» Diameter Cutter Compensation — allows programming of the part rather
than the center of the tool path

« Circular interpolation — makes arcs and any size hole easy to do with
standard tools

« Linear Interpolation — to machine lines at any angle

» Conrad — provides automatic corner radius programming with one data
input

« Incremental and Absolute — programming can even be mixed within an
event

 Error Messages — to identify programming mistakes
« Fault Messages — for system self-diagnostics

« Parts Graphics display
8
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» Look — a single button press to view graphics during programming

» Math Help — for finding points in a prompted format with graphical
representation of prompts

» Machine Tool Error Compensation and Backlash Compensation custom set
on mill after installation

« Selectable Inch/mm measurement readout

e Jog of X and Y from 1 to 100 inches per minute
« Selectable 2 or 3-axis operation

o AGE Auto Geometry Engine

Programmed Canned Cycles
 Posn/Drill — single point
« Bolt Hole — series of points evenly spaced around a circle
« Mill — straight line in any direction
 Arc — any portion of a circle

» Pocket — a rectangle, circle or irregular and all the material inside, includes
finish cut

« Profile — a perimeter of a rectangle, circle or irregular shape, includes
finish cut

» Repeat, Rotation, Mirror — of programmed events with or without offset

Options
« Remote Stop/Go (RSG) switch

» USB thumb drive for program storage and transfer. (See pg. 12, under
The USB Ports)

« Offline programming system
« DXF and Parasolid programming on Offline

9
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3.2 Display Pendant

3.2.1 Front

f D))

) () (2 ||
) o) e |
(7)(@)(2) l)

(A0
MEE)
|
f

(&) (o) (] (4] &)

|
F@))
(o) ("o | /,",

| |

) |

—
&)

9B E

\ C O

K ace  FG

Keyboard Hard Keys
GO: initiates motion in Run
STOP: halts motion during Run
LOOK: part graphics in Program and Program I/O modes

INC/ABS: switches all or one axis between incremental and absolute
INC SET: loads incremental dimensions and general data

ABS SET: loads absolute dimensions and general data

X, Y, Z: selects axis for subsequent commands

0-9, +/-, . : inputs numeric data with floating point format. Data is
automatically + unless +/- key is pressed. All input data is automatically rounded
to the system's resolution.

*: Use to toggle between default
MODE: to change from one mode of operation to another
RESTORE: clears an entry

IN/MM: causes inch to metric or metric to inch conversion of displayed
data

ACC: turns accessory (coolant, spray, etc.) on and off
F/C: selects between fine and coarse resolution on Electronic Handwheels
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Arrow Keys
Between the LCD Screen and the hard keys is a column of arrow keys.

Up key, down key: these are located at the top and bottom of the column,
respectively. They have several uses:

efeedrate override in Run and DRO modes
epage forward, page back to move through events in a program
edata forward, data back to move through the data in an event

Right seven keys: These keys are called software programmable or soft
keys. A description of the function or use of each of these keys will be shown
on the LCD screen next to each key. If, at any time, there is no description
beside a key, that key will not operate.

Emergency Stop Switch

The emergency stop (E-stop) switch Kkills all power to the ProtoTRAK's
servomotors and the spindle motor when pressed on a TRAK machine. The
computer and pendant remain powered.

The Liquid Crystal Display (LCD)
The display of the ProtoTRAK KMX is a 9” active-matrix color LCD.

The information displayed on the LCD screen is nearly always divided into 4
sections or areas.

The top line, or status line, shows the system's current status. This includes the
mode, inch or mm measurement and part numbers.

Beneath the status line, and filling most of the screen, is the information area.
Position data, program data and graphics are shown here. In addition message
windows will be here in the information area.

Beneath the information area is a single "conversation" line. When numeric data
is required the conversation line will appear for you to see the numbers you
enter before they are set into the system.

On the right side of the LCD are boxes describing the current function or use of
each soft keys located next to them.

11
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3.2.2 Pendant Back Panel

- USB1__ USB?2 NETWORK h
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X-MOTOR Z-SCALE
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|® .'f//_\-n g : TEST PORT
Y-MOTOR EURO E.STOP
"-QEJ/'“ TABLE GUARD
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& @
cBBPAR ~——— AC Rse
= ' In &=
&) L @
C\i@/ AL > =
L IEK © 29751-1-LB1 Rev A |
On/Off
Switch
Motor

The X, Y and/or Z motor cables are plugged in as shown.

Warning:
Never plug or unplug motor cables with the power on. This will destroy the
computer!
Z Scale
Plug in the Z scale cable.
Table Guard

For plugging in the interlock switch that is part of the optional table guard. Not
available with retrofits.

The USB Ports

There are two USB ports, use only one at a time for an optional thumb drive for
program storage, transferring programs between ProtoTRAKs and computers
and for program backup. Software updates will be through the USB port.

The ports are USB2.0 compliant.

Not all thumb drives are assured to work with the KMX. The one we supply will
definitely work and can be ordered as part number USB MEM.
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Test port
Used by the factory for testing only.

Grd (Ground)
We recommend that you ground the ProtoTRAK display to an earth ground such
as a cold water pipe.

A/C Inlet
To plug in the incoming 110v power. The on/off switch is located directly below
this inlet.

CBB Pwr
110 volts out to power the cable breakout box if included. Provides power for
110 volt outlet for AUX functions

AC Spdl EN
Logic cable to enable and/or turn off the spindle to certain SWI machines only

RSG
Remote Stop and Go switch

Mach ID
Machine ID key to customize parameters to each machine type

UMB1 and UMB2
Logic connections to the Cable Breakout Box

Network
Network connection to your server, computer or other ProtoTRAKs

Upgrade Aux
Interface to DPM Bed Mill upgrade auxiliary hardware

SPDL and Upgrade SW-Box
Interfaces to upgraded DPM bed mills with separate Switch Boxes

3.2.3 Servo Motors/Amplifiers

The ProtoTRAK KMX servomotor and amplifier have been combined into a single
integrated package on each axis. The motors are rated 280 in-0z. maximum
continuous torque that is sufficient for the heaviest cuts.

3.2.4 Ballscrews
Precision ballscrews are installed in the table and saddle to ensure smooth
traverse and positive control for manual and CNC machining.

13
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3.3 TRAK Knee Mill Specifications
This section describes the TRAK Knee Mill machine, it does not apply to ProtoTRAK KMX
retrofits.

SPINDLE MOTOR

SPINDLE
BRAKE

X AXIS
MOTOR
ASSEMBLY
HANDLE
_— X AXIS
HANDWHEEL
Y AXIS
HANDWHEEL
NOTES @ i01270
Y AXIS
1. BOX WAY MACHINE MOTOR
SHOWN ABOVE ASSEMBLY

FIGURE 3.3.1 The TRAK Knee Mill Machine Overview

Item Part Number Description
1 20819 Spindle Motor
2 29751-1 KMX Pendant
3 15616 Y-Axis Handwheel (Saddle)
4 15616 X-Axis Handwheel (Table)
5 20296 X or Y Motor

14
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FIGURE 3.3.2 The TRAK Knee Mill back view
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TRAK K3KMX

Table Size 50" X 10"

Table Travel 32"
Saddle Travel 16"
Knee Travel 16"
Ram Travel 15"
Maximum Quill Travel 5"

Quill Diameter 3.375"
Spindle Taper R8

Spindle Speed
Vari-speed head

60-500, 600-4200 RPM

Head Tilt

45° forward and back, 90° left and right

Quill Feeds per Rev

0.0015", 0.003", 0.006"

Spindle Motor Power-Vari-speed

3HP

Power Requirement Control

110V, 1P, 10A

Power requirements, machine

208/480V, 3P, 8.5/4.25A

Maximum Weight on Table 750 Ibs.

Machine Weight 2816 Ibs.
Machinedims: L, W, H 71" x 59" x 84"

Max rapid feed X, Y 100 IPM

Way surface type

Dovetail X, Z, Square Y

Meehanite castings

Slide ways are Turcite coated
Wide way surfaces are hardened and ground

Precision 7207 CP4 spindle bearings
Chrome hardened and ground quill

16

Southwestern Industries, Inc.
TRAK® KMX Knee Mill, Bed Mill & ProtoTRAK® KMX CNC Retrofit Safety, Programming, Operating & Care Manual




3.3.1 Manual Lubrication System — K3KMX

Ways and Ballscrew Lubrication

The TRAK Knee Mill X, Y, Z way surfaces and ball screws are lubricated manually
with the lubrication pump located on the left side of the knee. Pull the handle
fully and release 4 to 6 times at the beginning of each shift, and once every four
hours of operation thereafter.

1. At the beginning of each day, check the oil level in the pump. If low, fill with
SAE 30 or 30W oil.

2. Every six months of operation, apply a liberal coating of Mobile Grease-MP, or
equivalent to the Z-Axis knee ACME screw.

CAUTION!
Failure to manually activate the pump at the beginning of each day may cause
severe damage to the TRAK Knee Mill way surfaces and ball screws.

Head Lubrication — K3KMX

Once Each Week:
1. Fill the oil cup on the lower left area of the head with SAE 30 or 30W oil.

2. Extend the quill fully and apply a coating of SAE 30 or 30W oil to the
outside diameter of the quill.

Twice a Month:
1. Apply 2 drops of oil in upper cup on front of head with SAE 30 oil. This

supplies oil to the feed cradle for the power quill feed to keep the grease
pliable. If oil is not added, the power quill feed will be difficult to engage.

WARNING
Do not overfill this oil cup as excess oil could wash down into the upper spindle
bearings and wash away the grease.

Every Four Months:
1. Apply a good grade of general purpose grease through the grease fitting on

the back underside of the head to lubricate the low range gear set.

3.3.2 Auto Lube System — K3KMX Option

The auto lube system provides centralized automatic lubrication for the ways and
ballscrews. The lube pumps 2-liter reservoir is serviced with Mobil Vactra QOil No.
2 or equivalent. The pump is factory set to pump oil for 15 seconds for every

60 minutes of spindle time. There is an internal memory on the pump so that
the pump will not reset every time the spindle is turned off.
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The pumping output can be regulated electronically to control the pause time
between pumping cycles, and the duration of the pumping cycle. The following
describes the buttons used to program the lube pump. In order to modify any of
the settings the spindle must be on.

The pump has an alarm that will sound if any of the following problems arise:
o Qil line breakage
« Oil filter blockage
« Bad motor
e Low oil pressure
o Nooil in tank

INT (Interval) - this button programs the interval between pumping cycles.
Each press of the button increases the interval by one minute.

DIS (Discharge) - this button programs the amount of time the pump will
discharge each pumping cycle. Each press of the button increases the discharge
time by one second.

FEED - this button is used to manually feed the ways and ballscrews.
RST - this button tells the pump to discharge for the time programmed.
Factory Default Values

Interval Time - 60 min.

Discharge Time - 15 sec

Discharge Pressure - Approximately 100 - 150psi

To adjust the amount of Discharge Pressure displayed on the lube pump gauge,
loosen the jam nut and turn the adjustment screw located on the top right side
of the lube pump while the lube pump is activated.

At the beginning of each day, check the oil level in the Auto Lube system. If low,
fill with Mobil Vactra Oil No. 2 or equivalent (SAE 30 or ISO 68).

CAUTION!
Failure to manually activate the pump at the beginning of each day, or allowing
the Auto Lube to run dry may cause severe damage to the TRAK K3KMX way
surfaces and ballscrews.

3.3.3 Electrical Cabinet (TRAK Knee Mills Only)

TRAK Knee Mills use two electrical inputs. Spindle 208 or 480V power is wired
into the cabinet. A cord is supplied from the cabinet to a 110V power source for
running the ProtoTRAK KMX CNC.
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3.4 Optional Equipment

3.4.1 Power Draw Bar
A manual draw bar comes standard with the machine. A power draw bar option
may be ordered. The TRAK K3KMX uses an R-8 spindle and draw bar.

3.4.2 Remote Stop Go Switch

For the convenience of operation while running the program, a Remote Stop/Go
switch may be purchased. This switch is on a ten-foot cable and operates like
the FEED Stop and Go keys on the display.

3.4.3 Work Light (TRAK Knee Mills Only)
An optional halogen work light is available. It mounts to the left side (facing) of
the column and plugs into a 110v outlet in the electrical cabinet.

3.4.4 Coolant Pump (TRAK Knee Mills Only)

The optional coolant pump is mounted in the back of the machine column. Itis
plugged into the electrical cabinet and may be configured to operate as
commanded by the auxiliary functions, or with a separate switch.

3.4.5 Spray Coolant (TRAK Knee Mills Only)

The Fog Buster® spray coolant option consists of a one-gallon holding tank,
nozzle, air lines and an air regulator for attaching compressed air. Coolant flow is
adjusted by a needle valve at the sprayer head. Air flow is adjusted at the air
pressure regulator with gage. Once flows are set, sprayer operation is controlled
by an air toggle switch or by interface with the optional Auxiliary Functions.

3.4.6 Chip Pan (TRAK Knee Mills Only)
The Chip Pan option is available for TRAK Knee Mills only, not available for
retrofits.

3.4.7 Table Guard (TRAK Knee Mills Only)

The Table guard option provides an enclosed workspace mounted on the table.
The sliding door is switched to prevent operation of the CNC Run with the door
open. While it will aid in the control of chips and coolant, it is not a full,
waterproof enclosure. The Table Guard is available for TRAK Knee Mills only, it
is not available for retrofits.

3.4.8 USB Thumb Drive
The USB Thumb Drive option is an industrial grade Delkin Devices 512MB thumb
drive. It serves the following purposes:

- Save program files for backing up or additional storage
- Load program files

- Share program files between ProtoTRAKs or computers
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- Save system configuration files, including backlash and calibration values
The thumb drive comes correctly configured for ProtoTRAK KMX.

3.4.9 Electronic Handwheels

When ordered as part of the TRAKing/Electronic Handwheels Option the
electronic handwheels replace the standard mechanical handwheels for table and
saddle traverse. The electronic handwheels will operate when the ProtoTRAK
KMX CNC is in a Mode where the machinist controls the motion of the table and
saddle. This includes the DRO Mode, the Set-Up Mode and the TRAKing
operation in the Run Mode. The electronic handwheels will not operate during
other functions, such as when the “Select a Mode” message appears on the
screen.

Handwheel resolution is determined by the F/C key on the display. Fine feed
moves .200 inches per revolution, Course feed moves .800 inches per revolution.

3.4.10 Position Encoders

The ProtoTRAK KMX CNC may be configured to run either with or without
independent position encoders for X and Y travel. Optional encoders are glass
scales, each with 0.005 mm (.0002") underlying resolution.

3.4.11 Limit Switches
Optional limit switches are available for the saddle and table travel.

3.4.12 Cable Breakout Box

A Cable Breakout box must be ordered separately for any knee mill or knee mill
retrofit whenever the mill is equipped with Limit Switches, Electronic Handwheels
and /or 3-axis knee mills with AUX function.

3.4.13 Offline Programming

Optional PTKMX Offline Programming software is available for creating part
programs on your PC. Powerful DXF and Parasolid programming systems can be
added to this offline software.
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4.0 Basic Operation

Whether as a retrofit or as part of a TRAK Mill, the ProtoTRAK KMX CNC combines the
simplicity and flexibility of using a knee or bed mill with the easy, natural user interface
that makes the ProtoTRAK the top brand in CNCs for small lot machining.

4.1 ProtoTRAK KMX Basic Operation.

4.1.1 Switching the ProtoTRAK KMX CNC on and off
Turn the ProtoTRAK KMX System on by moving the on-off toggle switch located
directly under the power cord.

When it is first turned on the system will display a series of boot-up screens while
the ProtoTRAK KMX system loads.

You should turn the ProtoTRAK off with the following procedure:

e Press Mode, Restore, Shut Down and answer Yes.
e Turn the power off at the back panel toggle switch.

4.1.2 Screen saver

If the system is not used (either by a keystroke or by counting) for 20
continuous minutes, the LCD will turn itself off. Press any key to bring the
screen back to its previous display. The key you press will be ignored except to
turn the screen on.

4.1.3 Switching Between two and Three-Axis Operation

All 3-axis ProtoTRAK KMX machines may be operated in a 2-axis mode. To do
so, press MODE, RESTORE and the GO TO 2-AXIS soft key. Use the same
procedure to switch back the 3-axis operation. You may find that for one-off flat
parts, the 2-axis operation is more convenient and quicker.

4.1.4 Modes

The functions of the ProtoTRAK KMX are divided into Modes. Modes are groups
of activities that belong together. Organizing the ProtoTRAK KMX this way
makes it easy to use because you don't have to memorize how to do things.
Simply select the Mode and then choose from the options.

The Modes of the ProtoTRAK KMX are:

e DRO: Contains the DRO features for working manually or setting up to run a
program.

e PROG (PROGRAM): Where programs are written and edited, and part
graphics displayed.

e RUN: Where programs are run to make parts.
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e SETUP: Where the machine and control are set up to run. This also contains
the softkey for the Service Codes.

e PROG IN/OUT: To store and retrieve part programs from the thumb drive.

e MATH HELP: Routines to help you quickly and easily calculate intersections,
tangencies, centers and more.

DRO
PROG

SET-UP

RUN

PROG
IN/OUT

Select a mode. MATH

HELP

Copyright © 2016 Southwestern Industries, Inc

4.1.5 Emergency Stop
Press the button to shut off power to the axis motors. Power is also shut off to
the spindle motor for TRAK Mills. Rotate the switch to release.

4.2 Machine Operation
This section covers the operation of the TRAK Mills. If you purchased your ProtoTRAK
KMX CNC as a retrofit, please refer to the user manual that came with your machine.

4.2.1 Spindle On/Off, Forward/Reverse
The spindle switch is located on the left side of the milling head.

e Turn the Spindle switch to left to 1 for forward (clockwise) spindle rotation if
the Hi-Lo-Neutral lever is in the low position.

e Turn the Spindle switch right to 2 for forward (clockwise) spindle rotation if
the Hi-Lo-Neutral lever is in the high position.

e Turn the Spindle switch straight ahead for off.
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SPINDLE

BRAKE
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STOP LOW LEVER
QUILL
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SELECTOR POWER
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LEVER
FINE
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FEED
HANDLE
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FEED
DIRECTION
SHAFT
FEED
TRIP ~/
LEVER
MICROMETER——/ 100906
ADJUSTMENT
LOCK & NUT

Figure 4.2.1 TRAK K3 Mill head front view. Shown without the standard quill glass
scale.
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4.2.2 Table, Saddle, Knee and Column Gib Locks
The table clamps are located on the front of the saddle. Rotate them clockwise
until snug--overtightening is not necessary.

The saddle clamp is located on the left side of the saddle. Rotate clockwise to
clamp the table until snug--overtightening is not necessary.

The knee clamps are located on the left side of the knee.

CAUTION!
Do not run ProtoTRAK KMX program unless the table and saddle clamps are free.

The table clamps are located on the front of the saddle. Rotate them clockwise
until snug--overtightening is not necessary.

The saddle clamp is located on the left side of the saddle. Rotate clockwise to
clamp the table until snug--overtightening is not necessary.

The knee clamps are located on the left side of the knee.

The knee is raised and lowered using the hand crank located on the left front of
the knee. Clockwise rotation moves the knee up, while counterclockwise rotation
moves the knee down.

Be sure the knee is unclamped before raising or lowering.
4.2.3 Spindle Brake

The mechanical spindle break is activated pulling it down, or pushing it up.
When the lever arm is in the horizontal position, the brake is off.

CAUTION!
Be certain that the spindle brake is released before starting the motor. Never
attempt to activate the spindle brake when the motor is on.

4.2.4 Draw Bar

The draw bar holds the R8 tool holders into the spindle taper. The bar has a
7/16-20 right hand thread and should be tightened with a 23mm wrench from
the top of the head. When tightening, it is necessary to activate the spindle
brake (See 4.2.4 above). If the tool holder does not release from the spindle,
lightly tap on the top of the bar to dislodge the tool.

4.2.5 High-Low-Neutral Level
The spindle RPM range selection is made through the High-Low-Neutral Lever.
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Figure 4.2.6
NEUTRAL LOW

CAUTION!
Never attempt to change the range selection through the High-Low-Neutral lever
when the spindle is rotating. Be certain the spindle ON/OFF switch is in the Off
position.

Rotate the spindle by hand to help engage the lever into the high or low
position.

Note: Shifting from the high to low range, or low to high range changes the direction of rotation for the
On/Off switch (See Section 4.2.1).

4.2.6 Speed Changes
Spindle speed may be varied by rotating the variable speed crank.

CAUTION!
Do not rotate the variable speed crank when the spindle is stationary.

4.2.7 Operating the Quill

The quill may be moved up and down through its range with the quill feed
handle. The quill may be locked into position by rotating the quill lock clockwise.
Pull the handle out slightly to rotate it freely to a new position.

4.2.8 Adjusting the Quill Stop
The quill stop may be adjusted by rotating the micrometer dial nut. It is locked
in place with the knurled nut.
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4.2.9 Power Feed Engagement Lever

© ~©
NOK
cooanse\_ © /) comren

CLOCKWISE
\/ 00166

Figure 4.2.10

DISENGAGED ENGAGED

The power feed is engaged or disengaged with this selector. Pull out the knob
and rotate it clockwise to disengage power feed. Rotate it counterclockwise to
engage power feed.

CAUTION!

It is recommended that the selector be disengaged when the spindle is not
running. Never have the feed engaged when the spindle RPM is over 3000.
Always leave the selector in the disengaged position unless the feed function is
being used.

4.2.10 Fine Feed Direction Shaft
NEUTRAL
up DOWN

C/—: 100166

Figure 4.2.11

The direction of the fine feed is set by the position of the fine feed direction shaft.
IN sets the direction down, OUT sets the direction up, and NEUTRAL in the middle.
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4.2.11 Quill Feed Selector

Figure 4.2.12 Quill Feed Selector for
the K3KMX

This selector is used to set the quill feed speed.

To change speeds, pull the knob out and rotate the selector to the proper position.
It is generally easier to change speeds with the spindle running or rotated by hand.
Do not force the lever.

4.2.12 Feed Trip Lever
The Feed Trip Lever stops the quill feed motion when the quill stop knob reaches the
quill micrometer dial.

Move the lever to the left to engage, or to the right to disengage.

4.2.13 Fine Hand Quill Feed

1. Disengage the Power Feed Engagement Lever.

2. Set the fine feed direction shaft to the neutral position.

3. Rotate the Fine Feed handwheel.

4.2.14 Fine Automatic Quill Feed

1. Be certain the quill lock is off.

2. Set the quill micrometer dial to the proper depth.

3. Engage the Power Feed Engagement lever when the motor is stopped.
4. Select proper quill feed (see above).

4.3 Three-Axis Changes to the Head
The head on the 3-axis TRAK K3 KMX-3 and on 3-axis retrofits is modified with a kit
to drive the quill up and down. The kit is comprised of:

27

Southwestern Industries, Inc.
TRAK® KMX Knee Mill, Bed Mill & ProtoTRAK® KMX CNC Retrofit Safety, Programming, Operating & Care Manual



—

2.

3.
4.

4.4

A fork bracket is substituted for the quill stop knob

A bracket encompassing a ball screw is attached to the fork and the front of
the head

A servo motor is mounted on to this second bracket

The quill feed handle is replaced by an Electronic Handwheel

Coolant Pump / Spray Coolant

An optional coolant system may be used with any ProtoTRAK

1.

If you have a 3-axis K3 KMX-3 or 3-axis retrofit this feature necessitates the
purchase of a Cable Breakout Box. The coolant is controlled through the ACC
(accessory) key on the KMX front panel. Press once to turn coolant on, press
and hold for 2 seconds to turn on in Auto Mode where the coolant is on only
when the spindle is on in Program Run. Press again to turn off.

If you are upgrading a 3-axis DPM bed mill, the auxiliary functions are
already present from your old control and can be reused for the KMX
upgrade. See (1) above for how it is used.

If you have any 2-axis KMX system, the coolant option will include a separate
coolant on/off switch to be installed conveniently.

28

Southwestern Industries, Inc.

TRAK® KMX Knee Mill, Bed Mill & ProtoTRAK® KMX CNC Retrofit Safety, Programming, Operating & Care Manual



5.0 Definitions, Terms & Concepts
5.1 ProtoTRAK KMX Axis Conventions

X-axis: positive X-axis motion is defined as the table +2Z y
moving to the left when facing the mill. Consequently,
measurement to the right is positive on the workpiece. /

moving toward you. Measurement toward the machine
(away from you) is positive on the workpiece.

Y-axis: positive Y-axis motion is defined as the table X / X

<Y
Z-axis: positive Z-axis motion is defined as moving the quill
up or the head up. Measurement up is also positive on the workpiece.

5.2 Part Geometry and Tool Path Programming
The ProtoTRAK KMX CNC gives you ultimate flexibility in programming. Programs that
are entered through the ProtoTRAK KMX CNC system can be entered as either Part
Geometry or Tool Path (optional).

Part Geometry programming is the popular programming style of the ProtoTRAK family
of products. This is done by defining the final geometry of the part, and the ProtoTRAK
KMX CNC has the job of figuring out the tool path from the part dimensions and the
tool set-up information. This is a great benefit compared to regular CNC because it
doesn't force the programmer to do the difficult job of defining tool path. A
consequence of part geometry programming is that the following are not allowed:

e connection of an incline plane and another event
e connection of two events that lie in different planes

Using Geometry Programming, it is impossible for the ProtoTRAK KMX CNC to calculate
a tool path for these cases without creating a problem: in cutting the geometry desired
in the first event, the tool ends up out of position for the next event. Resolving the
difference in tool position where the first event ends and the next event begins means
either the CNC calculates and makes an unprogrammed move, or it retracts the tool out
and then back into the part.

These cases are not encountered often, but when they are you have the option of using
Tool Path programming. In Tool Path programming you define the events the same
way, but all inputs are treated as tool center. It is your job to calculate and program
the tool path.

Programs generated by CAD/CAM systems are always generated as Tool Path
programs.
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5.3 Planes and Vertical Planes
A plane is any flat surface. If that surface lies flat on the table, it is the XY plane. That
is, if you move your finger along that surface or plane, you are moving in the X and/or
Y direction, but not in Z (or at least not until you pick your finger up). If you tilted that
surface (think of it as a piece of paper) straight up so that it faces the front of the
machine, it would be in the XZ plane. If you tilted it up so that it faced left or right, it
would be in the YZ plane.

A vertical plane is any plane (or surface) tipped up on its edge on the table (see below).

Unlike most CNC controls,

the ProtoTRAK KMX CNC can
machine arcs in any vertical
plane rather than just XZ or YZ.

FIGURE 5.3 Vertical
planes

00172

5.4 Absolute & Incremental Reference
The ProtoTRAK KMX may be programmed and operated in either (or in a combination)
of absolute or incremental dimensions. An absolute reference from which all absolute
dimensions are measured (in DRO and program operation) can be set at any point on
or even off the workpiece.

To help understand the difference between absolute and incremental position, consider
the following example:

Absolute Dimensicns

Ao O O O
.

incremental Dimensions

5.4.1 Some Rules for Incremental Reference Positions
In the section above, it was pretty clear what was meant by an incremental
move. There are times that this is not completely clear. This occurs when you
want to use incremental references for the first X and Y dimensioned data in a
new event and the ending point of the previous event is not obvious. For
example, with a circular pocket the ending point is not defined, what does the
INC SET reference mean when programming the next event? Since this is not
30

Southwestern Industries, Inc.
TRAK® KMX Knee Mill, Bed Mill & ProtoTRAK® KMX CNC Retrofit Safety, Programming, Operating & Care Manual



always completely clear, there are some sensible rules for what the ProtoTRAK
KMX looks at in the previous event when the first dimensioned data is entered as
an INC SET.*

* For events, such as Mill, that have an X,Y beginning and an X,Y end, the
second set of data Is always referenced from the first.

If the event is a:

e DRILL, then an incremental move is from the X, Y programmed in that previous
event.

e BOLT HOLE, then an incremental move is from the X CENTER, Y CENTER
programmed in that event.

e MILL, then an incremental move is from the X END, Y END programmed in
that event.

e ARC, then an incremental move is from the X END, Y END programmed in
that event.

e CIRCLE POCKET or PROFILE, then an incremental move is from the X
CENTER, Y CENTER programmed in that event.

e RECTANGLE POCKET or PROFILE, then an incremental move is from the
first or X1, Y1 corner programmed in that event.

e REPEAT, ROTATE OR MIRROR, then an incremental move is the same as
for the event types shown above, but shifted by the programmed OFFSET.

o Zrapid and Z Depth are always incremental from the previous event.
Applicable to the 3-axis KMX.

5.5 Referenced and Non-Referenced Data
Data is always loaded into the ProtoTRAK KMX by using the INC SET or ABS SET key. X, Y, Z
positions are referenced data. In entering any X, Y, or Z position data, you must note
whether it is an incremental or absolute dimension and enter it accordingly. All other
information (non-referenced data), such as tool diameter, feedrate, etc. is not a position and
may, therefore, be loaded with either the INC SET or ABS SET key. This manual uses the
term SET when either INC SET or ABS SET may be used interchangeably.
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5.6 Tool Diameter Compensation
Tool diameter compensation allows the .Y
machined edges shown directly on the QO == = = = f
workpiece to be programmed instead of +X
the center of the tool. The ProtoTRAK }
KMX then automatically compensates for
the programmed geometry so that the
desired results are obtained.

X3, Y3

If the cutter in the sketch above is moving from left to right from point X1, Y1 to X2, Y2 and
on to X3, Y3, these actual points can be programmed instead of the center of the cutter.

S
Or, the actual desired circle with radius R can be programmed

instead of the radius of the center of the cutter Rc.

Tool cutter compensation is always specified as the tool either right or left of the workpiece
while looking in the direction of the tool motion.

Examples of tool right are: Examples of tool left are:
P
H] ,{ I
=0 O— —

Tool center means no compensation either right or left. That is, the centerline of the
tool will be moved to the programmed points.

5.7 Tool Diameter Compensation when Contouring in Z with

Part Geometry
Left and right tool diameter offsets are always those projected into the XY plane. Tool
offsets in the Z direction are always up and assume the use of a ball end mill. When
contouring in the Z-axis, this up tool offset is always activated regardless of left, right,
center if the Part Geometry option is selected. There is no Z-axis up tool offset applied
when the Tool Path option is selected.
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Special attention must always be paid to tool offsets when machining with a ball end
mill. The reason for this is that the tool diameter changes in the bottom part (that
portion equal to the tool radius) of the tool.

The tool is always positioned at the beginning of a milling operation so that the correct
point on the ball end of the tool is tangent to the beginning point, and offset perpen-
dicular to the machined edge by the radius of the tool. Consider the example below of
milling a ramp in the XZ plane from point B to point C.

XZ VERTICAL PLANE
+X 100177
FIGURE 5.7.1 Ball end mill position with respect to program points. Tool starts so
end mill is tangent to BC. R from center of tool is perpendicular to BC

Note how the tool at the beginning point (point B) starts below (in the Z direction) point
B so that it can actually touch this point. If this were not true, a cusp would remain to
the left of point B.

Now consider a similar example milling from A to B to C in the XZ plane.

~x

TOOL C
+Z

R
XZ VERTICAL PLANE
A B
+X

FIGURE 5.7.2 In order to respect the lines defined by the programmed
points, the ball end mill never touches point B. Tool starts centered over A
offset up by the tool radius R. It moves right until it is tangent to both AB and
BC. Then moves to point C as in the first example

Note the Tool at B does not drop below the AB line and, therefore, never touches point
B. As a result, a fillet is formed at point B equal to the tool radius.

This second example of continuous machining from one cut (AB) to another (BC) with
full cutter compensation between requires the two cuts to be made with events which
are connective (see Section 5.8 or 5.9 for a more complete discussion of this
requirement).
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5.8 Connective Events
Connective events occur between two milling events (either Mill or Arc) when the X, Y,
and Z ending points of the first event are in the same location as the X, Y, and Z
starting points of the next event. In addition, the tool offset and tool number of both
events must be the same.

5.9 Conrad
Conrad allows you to program a tangentially connecting radius between connective
events, or tangentially connecting radii for the corners of pockets and frames without
the necessity of complex calculations.

For this figure, you simply program a Mill
event from X1, Y1 to X2, Y2 with tool right
offset, and another Mill event from X2, Y2 to
X3, Y3 also with tool right offset. During the
programming of the first Mill event, the
system will prompt for Conrad at which time
you input the numerical value of the
tangentially connecting radius (r=k). The
system will calculate the tangent points T1 and T2, and direct the tool cutter to move
continuously from X1, Y1 through T1, r=k, T2 to X3, Y3.

For this figure, you program an Arc event from X1,
Y1 to X2, Y2 with tool offset left, and another Arc
event from X2, Y2 to X3, Y3 also with tool offset left.
During the programming of the first Arc event, the
system will prompt for Conrad at which time you
input the numerical value of the tangentially
connecting radius r=K3. The system will calculate
the tangent points T1 and T2 and direct the tool X \\
cutter to move continuously from X1, Y1 through T1,

r=K3, T2 to X3, Y3.

Note: Conrad must always be the same as or larger than the tool radius for inside
corners. If Conrad is less than the tool radius, and an inside corner is machined, the
ProtoTRAK KMX will ignore the Conrad.

X1, Y1

00180

5.10 Memory and Storage, Virus Protection, Microsoft Updates
Computers can hold information in two ways. Information can be in current memory
or in storage. Current memory (also known as RAM) is where the ProtoTRAK KMX
holds the operating system and any part program that is ready to run.

In contrast, storage is where the programs are saved until they are erased deliberately.
Programs are stored on the ProtoTRAK KMX on an external thumb drive that is capable
of holding hundreds of typical programs.
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If power is lost or turned off, programs that are in current memory are lost, but
programs stored on the thumb drive are not.

Virus Protection:

As a device, ProtoTRAK CNCs are not generally susceptible to viral infections. The part
“programs” they run are non-executable text files. You can further assure protection by
avoiding e-mail programs and web browser programs loaded onto the ProtoTRAK and
by using a router with a firewall. An anti-virus program is not necessary since the virus
risk is low, and is not recommended because the background tasks may cause damage
by interfering with ProtoTRAK real-time operation.

Microsoft Updates:

Please note that the ProtoTRAK control is not designed to be automatically downloading
updates from Microsoft, or for that matter any 3™ party software. There is only a
limited amount of free space on the compact flash card, and downloading files to it until
it is full may result in the ProtoTRAK to stop working properly.

Also note, that administrators must exclude the ProtoTRAK from programs such as
Windows Server Update Service, where the software will automatically try to download
updates to the control.
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6.0 Using the ProtoTRAK KMX as a DRO
The ProtoTRAK KMX operates in DRO Mode as a sophisticated digital readout with jog
and power feed capability.

6.1 Enter DRO Mode
Press MODE, select DRO soft key. The screen will look as follows on the 3 axis model.

DRO TOOL#1 COARSE 3 AXIS INCH

JOG

X 0.0000 nss =
Y 0.0000 res ™
Z 0.0000 s

TOOL #
POWER
FEED
Feed Rate 0.0 Override 100
Note: the RETURN soft key is lit when in Jog.
6.2 DRO Functions
e Clear Entry: Press RSTR, then re-enter all keys.
¢ Reset One Axis: Press X or Y or Z, INC SET. This zeros the incremental

position in the selected axis.
e Preset: Press X or Y or Z, numeric data, INC SET to preset selected axis.

e Reset Absolute Reference: Press X or Y or Z, ABS SET to set selected axis
absolute to zero at the current position.

Note: This will also reset the incremental dimension if the absolute position is being
displayed when it is reset.

e Preset Absolute Reference: Press X or Y or Z, numeric data, ABS SET to set the
selected axis absolute to a preset location for the current machine position.
Note: This will also reset the incremental dimension if the absolute position is being
displayed when it is preset.
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e Recall Absolute Position of All Axes: Press INC/ABS. Note the dimension for each
axis is labeled INC or ABS. Press INC/ABS again to revert to the original reading.

e Recall Absolute Position of One Axis: Press X or Y or Z, INC/ABS. Note the INC
or ABS label for each axis. Repeat to get selected axis back to original reading.

e Inch to MM or MM to Inch: Press IN/MM and note LCD status line.

6.3 Jog
The servo motors can be used to jog the table.

1. Press the JOG soft key.

2. The feedrate box will read 100 indicating the table will move in the X or Y positive
direction at 100 inches per minute. A message will flash to warn you that JOG is
activated.

3. Press +/- to reverse direction. The feedrate box will change to - 100" Press +/-
again to go back to JOG + (the + is not shown).

4. Press the down arrow key (to the right of the LCD screen) to reduce the jog speed
in 10 percent increments. The feedrate and override boxes will show these
adjustments. Press the up arrow key to increase the speed. The range is between
10% and 150%.

5. Press and hold X or Y to jog that axis. Release the key to stop.

6. To jog at a given rate, for example, 25 inches per minute, simply press ‘25’ while
the jog message is flashing. This number will appear in the feedrate box. When
you press X or Y you will jog at this rate. Press the up or down arrow keys to
adjust. In metric this number represents the percent of the maximum, or 2540
mm/min.

7. Press RETURN soft key to return to manual DRO operation.

6.4 Return to Absolute Zero
At any time during manual DRO operation you may automatically move the table to
your absolute zero location in X and Y by pressing the RETURN ABS 0 softkey. When
you do, the conversation line will read "Ready to begin. Press Go when ready." Make
sure your tool is clear and press the GO key. When you do, the servos will turn on,
move the table at rapid speed to your X and Y absolute zero position, and then turn off.
You will be at zero and in manual DRO operation.

In 3-axis, Z will return to your program Z retract location and then X and Y will move to
their absolute zero position.
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6.5 Teach
Teach gives you the ability to enter X and Y dimensions into a program. It can be a
useful way of entering a few manual moves for operations like clearing out excess
material or remembering a few hole locations.

The process of using Teach is in two parts. The first part takes place in the DRO Mode.
This is where you start the Teach program, establish the program events and enter the
X and Y dimensions. The second part is in the Program Mode. This is where you
complete the Teach events that you began in the DRO Mode by entering the rest of the
data. Once the data is entered, the Teach events become just like the other events
that make up a program.

6.5.1 Entering Teach Data
From the DRO screen, press Teach.

On the top of the screen, you will see the message "Teach" and an event
counter. When you enter Teach, you are actually programming events. If there
is already a program in current memory, Teaching will add events to the end of
the program. If there is not already a program in current memory, Teaching will
start a new program. For example, if you already had a program in current
memory that had 10 events, when you press Teach, the event counter will say
EVENT 11. If there is no program, the event counter will say EVENT 1.

The event counter shows the event for which data is being entered. You may
teach in position, drill, and mill events only.

On the first Teach screen, the softkeys are:
POSN DRILL: a position / drill event.
MILL BEGIN: the beginning of a straight line or MILL event.

END TEACH: ends the teaching process and returns you to the main DRO
screen.

If you press the POSN DRILL key, the event counter will go up by one and the
screen remains the same. If you press the MILL BEGIN key, the event counter
stays on the same number. That is because you have given the beginning point
of the line but not yet the end. The softkey selections will change to:

MILL END: the last point of the Mill event. Press this to end the Mill event and
select a POSN DRILL or new MILL event.

MILL CONT: the last point of the current Mill event, but the beginning of the
next Mill event. You may enter successive Mill events by pressing the MILL
CONT key.

Pressing either of the above softkeys will cause the event counter to increase by
one.
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At any time you may exit the Teach screen and return to the DRO screen. The
events you have defined with their X and Y dimensions are finished in the
Program Mode. See Section 7.3.7.

The Z information also needs to be filled in once you go back to program mode.
This is applicable when running a 3-axis KMX mill.

6.6 GO TO (TRAKing / Electronic Handwheel Option)
The Go To function in the DRO mode allows you to set a dimension in X, Y or Z at
which you want the machine to stop moving when you are cranking manually. For
example, if you wanted to machine manually exactly 2" of table motion from absolute
0, you would input: Go To, X, 2, Abs Set. While the Go To window is displayed, the
ProtoTRAK KMX will not let you pass that 2" dimension you set.

Press the Go To key.

Enter the axis, X, Y, Z or any combination. Input the dimension(s).

Press Abs Set.

Crank the handwheel. Motion will stop at the entered dimension even if you
continue to crank the handwheel.

Qo0 oo

6.7 Tool #
The Tool # softkey is used in 3-axis mode when you want to change the tool you have
in the spindle. The Z DRO prompt will update once you enter in a new tool number,
assuming you have set the tool length offset in the tool table.

6.8 Power Feed
The servomotors can be used as a power feed for the table, saddle and quill (or head
for DPMs), or all three simultaneously.

1. Press the POWER FEED soft key.

2. A message box will appear that shows the power feed dimensions. All power feed
moves are entered as incremental moves from the current position to the next
position.

3. Enter a position by pressing the axis key, the distance to go and the +/- key (if
needed). Input the entry by pressing INC SET. For example, if you wanted to
make a power feed move of 2.00" of the table in the negative direction, you would
enter: X, 2, +/-, INC SET.

4. Initiate the power feed move by pressing GO.

5. The feedrate is automatically set to 10 ipm (or 254 mm per min). Press the up or
down arrow key to the right of the LCD screen to adjust the feedrate from 1 ipm to
100 ipm. (or 254 to 2540 mmpm)

6. Press STOP to halt power feed. Press GO to resume.
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7. Repeat the process beginning at "3" above as often as you wish.
8. Press RETURN soft key to return to manual DRO operation.
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7.0 Programming
The ProtoTRAK KMX can be easily programmed for a wide variety of parts in two and
three axes.

A program is one or a series of events. It can either be a complete part, a set of
operations on a side or only a small number of cuts. It is necessary to create a
program when you want the CNC to machine the part for you.

7.1 Enter Program Mode and Assign a Program Name
To start programming, press MODE and select PROGRAM softkey. For a new program to be
written, there cannot already be a program in the active or current program memory.

When you first enter Program Mode, you will encounter a screen that allows you to
enter a program name or to enter the program at different events.

Event 0 is where you can enter the program name. You can also get to Event 0 by
pressing Page Back from Event 1.

The program name is highlighted and you may enter a new program name at this point.
Program names consist of one to eight numbers.

Note: It is not necessary to enter a program name. If none is entered and the INC
SET or ABS SET button is pushed, the system will assume the program name is 0.

The ProtoTRAK KMX automatically holds all of the completed events as you program in
current memory.

Choices at the beginning of Program Mode:

GO TO BEGIN: puts Event 0 on the left side of the screen and the first event on
the right side.

GO TO END: puts the last programmed event on the left side of the screen and
the next event to be programmed on the right side.

GO TO #: enter the event number you wish to go to and then press SET. This
puts the requested event nhumber on the right side of the screen and the
previous event number on the left.

Note: for a new program that has no Events, all the GO TO selections will take you to
the beginning, with Event 0 on the left and the Select an Event options for Event 1 on
the right.

7.1.1 General Programming Options
Use the Up and Down Arrow keys to select general programming options, in
Event 0.

Scale: Allows a scale factor between .1 and 10. An input of 5 means the part
will be 5 times as big as the programmed dimensions. A value of 1.0000 is

assumed if nothing is input.
41

Southwestern Industries, Inc.
TRAK® KMX Knee Mill, Bed Mill & ProtoTRAK® KMX CNC Retrofit Safety, Programming, Operating & Care Manual



Dwell Request: Allows you to input a dwell at the bottom of a drill bolt hole or
bore cycle for events you select. Select the appropriate YES or NO soft key. If
you select YES you will be prompted to input a dwell time in seconds from .1 to
99.9 when appropriate to the event being programmed.

Auxiliary Function Request: Asks if you wish to activate any of the optional
auxiliary functions (see Section 7.1.2) at any time during the program. Select
the appropriate YES or NO soft key. If you select YES you will be prompted to
input the type and sequencing of the auxiliary functions during event
programming.

Dimension Definition: The ProtoTRAK KMX CNC gives you a choice in
programming either tool path or geometry. Part Geometry programming allows
you to define the geometry you want your part to have and then the CNC does
the difficult job of calculating tool path for you automatically. This is a great
benefit for most parts most of the time because it means that the CNC is doing
the hard work of determining tool position.

One restriction to part geometry programming is that for events to be
connective, they must lay on the same plane (see Section 5.3 for a definition of
planes). For this reason, the ProtoTRAK KMX CNC gives you the option of
entering your own tool path. If you wish to program the part by defining tool
path yourself, you may choose the TOOL PATH softkey. Otherwise, Part
Geometry programming is assumed. Tool Path operates under the same rules as
standard RS274.

A program must be entirely written in Part Geometry or Tool Path programming,
you cannot combine the two methods in one program.

Input Z End For Verify: Verify is a 3-D solid graphical representation and 3-D,
of course, needs Z data as well as X and Y. However, on 2-axis ProtoTRAK KMX
programs only X and Y dimensions are programmed. Activating the Input Z End
For Verify feature adds a Z END prompt to each event when programming in 2-
axis. This input is used only to enable the Verify features.

To activate, go to the Event 0 screen, data forward to the Input Z End For Verify
option with the Up and Down Arrow keys and press the YES soft key. The Z END
value only needs to be entered on the first event if multiple events are at the
same depth. For example, if your program has 10 events with events 1-5
machined at a depth of 2 inch and events 6-10 at 34 inch, you only need to
enter a Z END value in events 1 and 6.

7.1.2 Auxiliary (AUX) Functions

Auxiliary Functions are not available on 2-axis knee mill applications or on 3-axis
knee mill upgrades. Auxiliary Functions are optional on new 3-axis knee mill
applications and standard on 3-axis bed mill upgrades.
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When the Auxiliary Function option is installed and active, the ProtoTRAK KMX
CNC can control four different auxiliary functions. You can select whether to
activate or deactivate these functions at the beginning or end of each event.

If Auxiliary Functions are selected on the program header, the system will
prompt for AUX BEG and AUX END in each event.

When running programs with Auxiliary functions, the ACCESSORY hard key on
the front panel must have the correct status. If you want the program to
automatically turn the Auxiliary functions on and off, press and hold the
ACCESSORY key until the status line reads ACC AUTO. Press again to turn off.

AUX BEG Options:

Input: | Function Comments

0 None No Auxiliary functions will begin when this event begins to run.

1 Coolant/Air | The coolant pump or air solenoid will be turned on when this
event begins to run.

3 Indexer Activates an electronic signal at the beginning of the event.
See note below.

AUX END Options:

0 None No Auxiliary functions will turn off at the end of this event.

1 Coolant/Air | Turns the coolant or air solenoid off at the end of this event.

Off

3 Indexer Activates an electronic signal at the end of this event. See note
below.

4 Spindle Turns off the spindle at the end of this event. Note, the spindle
automatically turns off for each tool change — it is not
necessary to program a spindle off.

Coolant/Air on and off is automatically programmed for tool changes. If you
want the air or coolant pump on while cutting the entire part, you need only
program the Aux begin in the first event and Aux end in the last event. The
coolant pump or air solenoid will turn on at the beginning of the programmed
event and will turn off during tool changes.

The Indexer function is designed to operate with a standard indexer.
Programming an Aux 3 at the beginning or end of an event will cause the
ProtoTRAK KMX CNC to stop machining at the beginning or end of the event and
wait for a signal from the indexer. The signal notifies the CNC that the indexer
has finished its programmed move. The CNC will then automatically resume the
program. Make sure your tool is clear of the workpiece before commanding an
index. If need be, add an Aux 3 to the end of a position event.
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7.2 Programming Strategy and Procedures
The ProtoTRAK KMX makes programming easy by allowing you to program the actual
part geometry as defined by the print. The basic strategy is to select the softkey event
type (geometry) and then follow all instructions in the conversation line. When an
event is selected, all the prompts will be shown on the right side of the information
area. The first prompt will be highlighted and also shown in the conversation line.
Input the dimension or data requested and press INC SET or ABS SET. For X orY or Z
dimension data it is very important to properly select INC SET or ABS SET. For all other
data either SET will do.

As data is being entered it will show in the conversation line. If you make a mistake,
for example, you press the wrong number key, you can clear the input by pressing
RESTORE. When SET, the data will be transferred to the information area, and the next
prompt will be shown in the conversation line.

From the event data screen you may press the up arrow key to the upper right of the
LCD screen to go back to edit any data within an event.

Options within an event include:
PAGE FWD: moves forward through the programmed events.
PAGE BACK: moves backwards through the programmed events.

INSERT EVENT: use this to insert a new event into the program. This new
event will take the place of the one that was on the right side of the screen when
you pressed the INSERT EVENT key. That previous event, and all the events
that follow, increase their event number by one. For example, if you started with
a program of four events, if you were to press the INSERT EVENT key while
Event 3 was on the right side of the screen, the previous Event 3 would become
Event 4 and the previous Event 4 would become Event 5. If you insert a Repeat
event, the event numbers will increase by one as when you insert another kind
of event.

DELETE EVENT: this will delete the event on the right side of the screen.

When all data for an event has been entered, the entire event will be shifted to the left
side of the screen and the conversation line will ask you to select the next event.
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PROG COARSE 3 AXIS INCH
EVENT 0 EVENT 1 POSN
PROGRAM NAME DRLE
SCALE 1.000
MILL
DWELL REQUEST  NO
AUX FUNCTION NO
DIM DEFINITION PART GEO ARC
POCKET
PROFILE
Select an event. suB
PAGE
BACK

7.3 Programming Events — (2 axis mode)
The following events are found in the ProtoTRAK KMX when running in 2 axis mode
only. See section 7.4 for 3- axis events.

7.3.1 Posn Drill
This will position the table and saddle to the location you define. This event is
used for drilling holes and other positioning moves.

When you press the POSN/DRILL key, you choose between:

e One: a single position.
o Bolt Hole: a series of positions spaced evenly around a circle.

When the program is run at a Posn/Drill Event, the ProtoTRAK KMX will servo at
rapid (or as modified by you) to each location defined and will wait for you to
finish the operation (e.g., drill the hole) and press the GO key before moving on.

7.3.2 Mill Event

Use this to machine a straight line in any direction. The prompts you answer in
this event will allow the ProtoTRAK KMX to calculate the complete tool path,
including the starting position and tool offsets. It is not necessary to program a
rapid move to the beginning position of the Mill Event.

When the program is run at a Mill Event, the ProtoTRAK KMX will rapid to the
beginning position, prompt you to set the quill Z depth, move through the Mill
Event at the speed you program and end at the ending position.
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7.3.3 Arc Event
This is any part of a circle. Like the Mill Event, the prompts you answer will
allow the ProtoTRAK KMX to calculate the complete tool path.

When the program is run at an Arc Event, the ProtoTRAK KMX will rapid to the
beginning position, prompt you to set the quill Z depth, move through the Arc
Event at the speed you program and end at the ending position.

7.3.4 Pocket Event
Use this event to machine a pocket with a minimal amount of programming. When
you press the Pocket key, you choose between the following:

Circular Pocket: a circle and all the material in the center. Includes finish cut.

Rectangular Pocket: a rectangle and all of the material in the middle. Includes
finish cut.

Irregular Pocket: an irregular shaped pocket and all of the material in the middle
(see Section 8 for programming irregular shapes using AGE.

Face Mill: for machining the entire top of a part. No finish cut.

When the program is run as a Circular or Rectangular pocket event, the ProtoTRAK
KMX will rapid from wherever it is to the center of the pocket and prompt SET Z. After
you have set the cutter and pressed GO it will machine outward to the final shape
(minus the finish pass) and then then make the finish pass.

When the program is run as an Irregular pocket event, the ProtoTRAK KMX will rapid
to the southern-most (or lowest Y dimension) leg, prompt SET Z, then machine in a
zig-zag path and contour around on the finish path.

When the program is run as a Face Mill event, the ProtoTRAK KMX will rapid to just off
the part as defined by X1,Y1, prompt SET Z and mill in a zig-zag pattern to finish just
off the part as defined by X3,Y3.

7.3.5 Profile Event
Use this event to machine a profile with a minimal amount of programming. When
you press the Profile key, you choose between the following:

o Circular profile: a circular circumference. Includes finish cut.

e Rectangular profile: a square or rectangular circumference. Includes finish
cut.

o Irregular profile: an irregular path that can be open (it doesn't finish where
it starts) or closed (it does finish where it started). Includes finish cut. See
Section 8 for programming irregular shapes using AGE.

When the program is run as a Circular profile the ProtoTRAK KMX will rapid to the 3
o'clock position and prompt to SET Z. After you have set the cutter and pressed GO it
will machine around the profile offset by the finish cut and then make the finish pass.
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When the program is run as a Rectangular profile the ProtoTRAK KMX will rapid to the
X1, Y1 corner, prompt SET Z, machine around the profile offset by the finish cut and
then make the finish pass.

When the profile is run as an Irregular profile the ProtoTRAK KMX will rapid to the
beginning of the first programmed Mill or Arc offset by the finish cut, prompt SET Z,
machine to the end of the last Mill or Arc event and then make the finish pass.

7.3.6 Subroutine Events
The Subroutine Events are used for manipulating previously programmed geometry
within the XY plane.

The Subroutine Event is divided into six options: Repeat, Rotate and Mirror as a
subroutine, or Repeat, Rotate and Mirror as a copy.

Copy Events are programmed exactly like Subroutine Events. The only difference is
that in Copy the events are rewritten into subsequent events. If, for example, in
event 11 you Copy Repeated events 6, 7, 8, 9, 10 with 1 repeats, events 6-10 would
be copied with the input offsets into events 11-15.

Copy Events may be Repeat, Mirror or Rotate.
Copy is very useful. With Copy you can:

o Edit the events that are being repeated, mirrored or rotated without changing
the original events.

e Connect so that the quill will not move up to the Z Rapid position, and back
down unnecessarily. However, to be connective, you must be certain that the X,
Y, Z begin of the first event, once offset or rotated, coincides with the X, Y, Z
end of the last event.

e Program an event parallel to X or Y (where the geometry is the easiest to
describe), rotate it to the desired position, then delete the original.

Repeat, Rotate and Mirror may be connective. As long as the rules of connectivity are
satisfied, the ProtoTRAK KMX will continue milling between preceding and subsequent
events.

REPEAT allows you to repeat an event or a group of events up to 99 times with an
offset in X and/or Y and/or Z. This can be useful for drilling a series of evenly spaced
holes, duplicating some machined shapes, or even repeating an entire program with an
offset for a second fixture.

Repeat events may be "nested." That is, you can repeat a repeat event, of a repeat
event, of some programmed event(s). One new tool humber may be assigned for each
Repeat Event. Repeat events may be "nested" up to five deep.

ROTATE is used for polar rotation of parts that have a rotational symmetry
around some point in the XY plane. In addition to specifying the events to be
repeated, you must also indicate the absolute X and Y position of the center of

rotation, the angle of rotation (measured counterclockwise as positive; and
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clockwise as negative), and the number of times the specified events are to be
rotated and repeated. You may not rotate another rotate event. Consider the
figure below:

g
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00840

FIGURE 7.3.6.1 Shape A programmed with 4 MILL events and Conrads.
Using ROTATE, these 4 events are rotated through a 45 degree angle
about a point offset from absolute zero by X Center and Y Center
dimensions. A is rotated 3 times to produce shape B, C, and D.

MIRROR is used for parts that have symmetrical patterns or mirror image
patterns. In addition to specifying the events to be repeated, you must also
indicate the axis or axes (X or Y or XY are allowed) that the reflection is mirrored
across. In addition, you must specify the offset from absolute zero to the line of
reflection. You may not mirror another mirror event, or mirror a rotate event.
Consider the figure below:
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FIGURE 7.3.6.2 Holes 1-4 are mirrored across the Y axis to 5-8, respectively,
about a line X OFFSET from X=absolute 0

Press the SUB soft key to call up the Repeat, Rotate and Mirror options.

7.3.7 Finishing Teach Events
Teach events are either POSN/DRILL or MILL events that are originated in the
DRO Mode (see Section 6.5).

The Teach events that are started in the DRO Mode must be finished in the
Program Mode before running. Teach events are of these different types:

TEACH POSN/DRILL - See Section 7.3.1 for a description of Position/Drill
event prompts.

TEACH MILL - a straight line that specifies the beginning and the end. When
TEACH MILL events are defined using the CONT MILL softkey, the prompts for
information that cannot change will be suppressed. See Section 7.3.2 for a
description of Mill event prompts.

When a Teach event is unfinished, the event header will appear in purple. Once
all the prompts are completed, the word “Teach” will disappear. The event will
become a normal POSN DRILL or MILL event.

7.4 Programming Events — (3-axis mode)
The following events are found in the TRAK KMX machine when running in 3-axis mode.

7.4.1 Posn Drill
When you press the POSN/DRILL key, you choose between the following:
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e Posn: a single position.
e Drill: a single drill event. Press Type to adjust type of pecks.
e Bolt Hole: a series of positions spaced evenly around a circle.

e Pause: this event allows you to pause the program at a certain event. When
program the Z will move up to Z retract. The user will have to press GO to
continue the program.

7.4.2 Mill Event
This event is the same as in 2 axis mode except, you must program Z
information.

7.4.3 Arc Event
This event is the same as in 2 axis mode, except you must program Z
information.

7.4.4 Pocket Event
These events are the same as in 2 axis mode, except you must program Z
information.

7.4.5 Profile Event
These events are the same as in the 2-axis mode, except you must program the
Z information.

7.4.6 Subroutine Events
These events are the same as in 2 axis mode, except you can offset the Z rapid
and Z depth.

7.4.7 Finishing Teach Events
The TEACH event is the same as what is found in 2 axis mode, except you will
need to fill in your Z rapid, Z end or depth and Z feedrate.

7.5 Prompts Used to Define the Events
The following prompts are encountered in programming the events.

# Holes - the number of holes in the bolt hole pattern.

Angle - the location of the first hole to be machined in a Bolt Hole event. It is
the angle from the positive X axis (that is, 3 o'clock) to the hole. The positive
angle is measured counterclockwise from 0.000 to 359.999 degrees. The angle
of rotation in subroutine and copy events.

Conrad - There are two meanings to Conrad:

1. The connecting radius between line or arc being programmed and the next

line or arc event. Simply enter the radius value at this prompt and the

ProtoTRAK KMX will figure the tool path to go from one event to the next with a
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connecting radius. If no radius is desired, or if you are programming the last
event, enter 0 by pressing the INC SET or ABS SET key without a number value.

2. The corner radius in a rectangular pocket or PROFILE. The radius is
tangential.

Continue - to tell the ProtoTRAK KMX if the event is continuous to the next
event(s) to be programmed. This saves inputs needed to define a profile. If the
event is programmed with a Yes, for continue, then X begin, Y begin, Tool
Offset, Feedrate and Tool # will not be prompted in the next one.

Direction - for an arc or circle, the direction is clockwise or counterclockwise.

Feedrate - the milling feedrate in in/min from .1 to 99.9 or in mm/min from 5 to
2500.

Fin cut - for a pocket or profile, the width of the finish cut. If 0 is input, there will be no
finish cut.

Radius - the radius of the bolt hole pattern, arc or circle.
Tool # - the number you assign to identify the tool.

Tool Diameter - the diameter of the tool. See the note on finish cuts later in this
section.

Tool offset - the selection of the tool offset, right, left or center relative to the
programmed edge and tool movement.

X or Y - the X or Y dimension, may be defined in absolute or incremental
reference.

X Begin or Y Begin - the X or Y beginning point of the line or arc.

X Center or Y Center - the X or Y dimension of the center of the bolt hole pattern, arc or
circle.

X End or Y End - the X or Y ending point of the line or arc.

X1, Y1, and X3, Y3 - the X and Y dimensions for the opposite corners on a
rectangular pocket, profile or face mill.

Prompts unique to the Subroutine and Copy events:

Cutting Order — select to cut from begin to end or end to begin on mirrored
events.

First Event # - the first event to be repeated.

Last Event # - the last event to be repeated. If only one event is to be
repeated, the First and Last events will be the same number.

Mirror Axis — selection of axis to be mirrored across.

X Offset - the incremental X offset from the event to be repeated.
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Y Offset - the incremental Y offset from the event to be repeated.
# Repeats - the number of times the events are to be repeated up to 99.

The following prompts pertain to the 3-axis mode.

Z Rapid - this is defined as the location from which the machine transitions
from rapid feedrate to the programmed feedrate in your event. Typically this
value is set 0.1” or 2.5 mm above the work piece.

Z End and Z Depth - this is defined as the depth you wish the Z axis to feed
down to. For example, if you wish to drill a 1” deep hole, you would enter
-1.0000" ABS.

# of Pecks — this is how many moves the Z will move up and down when
drilling a hole. The pecks are variable, which means the first peck will remove
more material than the next peck and so on. Select “TYPE"” to change pecks to
be variable, fixed or chip break.

Z Feedrate - this is the feedrate the Z axis will move down at.

Z Rapid Offset — this is the Z rapid offset you want to apply to your repeat
event. If you program 0 INC, the Z rapid will be the same as your previous
event.

Z Offset - this is the Z offset you wish to apply from your previous Z end or Z
depth. If you program 0 INC, the control will cut at the same depth as the
previous event.

Drill or Bore — select if you want to rapid out of the hole (drill) or feed out
(bore).

# Passes — the number of cycles to machine to the final depth.
Entry Mode — choose between a zig-zag ramp and a plunge.
Prompts for AGE programming are defined in Section 8.

7.6 Assumed Tool Offset, Feedrate, and Tool #
When the INC SET key is pressed, the ProtoTRAK KMX will automatically program the
following for these prompts:

TOOL OFFSET: for a Mill or Arc Event, same as the last event if that event was
a Mill or Arc Event, otherwise, Tool Center.

FEEDRATE: same as last event if that event was a Mill, Arc, Pocket, or Profile.
TOOL #: same as last event, or Tool 1 in the first event.
DRILL OR BORE: Drill
# PECKS: 1 peck
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