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ABSTRACT

This project is about hardware interface to be small automatic controlled system.
This system consists of CNC-Machine, Robot Arm, Pneumatic System and Computer are
worked by Signal from CNC-Machine Box Control and Robot Arm Box Control. First, Robot
Arm picks a piece of work to fixture and then send the signal to CNC-Machine for milling.

After that CNC-Machine send the signal to Robot Arm picks a piece of work back to the

store place and the work circle made again.
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7. 4-Position Drilling/Boring Tool holder with Bush

8. Left - Hand Turning Tool with Spare Tips

9. Parting-Off Tool with Spare Tips

10. Spindle Center ,Driver and Carrier
in3oeilef 1 luTnuamsia

11. One 10 mm. Bore Cutter Holder

Two 5 mm. Bore Cutter Holder

12. One 5 mm. End Mill
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21. Milling Billet (wax)
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26. Duet Software
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3.1.A10INAANNVYDIH LI UABAT1YINT I (Definition of Industrial Robot)
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WM Yusudgaaningsuaees 15 anevzaenldi uoudgaamnssy dae

A o A & & aw A prip ' & v o wa y .
IATBIINTNAFUANIITINANBUSHAYNITIN I 1ATI9NTOA TUNA (Automation Machine) 1Az
! w 2 Sl ] ; b o Y o
MDANNFAIUTITUTIVIAMSINAA MR- RIA-(The “Robotic Industrial Association) 8@

@
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1 d

a o gy [ Ao o w g, gy c:!yd
UsHngeaMnT Ul uoua 1L Well a . 1981 Tagiidinannuiddndae l1iiAe
“An industrial robot-is a reprogrammable, multifunction manipulator designed to move
materials, part, tools or special devices through variable programmed motion for performance of a

variety of tasks”
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coordinate system”
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3.2. 1. ueuaninui lumsiouduuugnse@masy  (Rectilinear  or

Cartesian robot geometry)
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3.2.2.vuguaniifiun lumsinwiuginsanssuen  (Cylindrical — robot

geometry)
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3.3 32uuUNMTVUIRaDU (Drive System)
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3.3.1. 32 uvuRae U w T (Electric drive system)
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Installation and User Manual

Boxford Duet
Turn vand'Mill
CNC Training Machine

[ Boxford

Boxford Ltd.,

Wheatley, Halifax, West Yorkshire,
England, HX3 5AF.

(Registered Office)

Telephone: 0422 358311

Telex: 517410 BOXFRD G.
Fax:0422 355924



Clothing

Cleanliness
Switching On
Securing Toolihg and
Workpiece

Care of Cutting Tools
Tool Settings

Performance and
Limitations

Safety

Safety

Working Practice

The moving parts of the machine are totally enclosed when the guard is
closed, and an interlock prevents the spindle drive from running when the
guard is open. The operator is therefore well protected against the risk of
injury; however the following precautions should be observed to promote
safe working procedures and to prevent damage to the machine:

Do not wearloose clothing or jewellery which can get caught in machinery.
Tie back long hair or contain it with a hat.

Keep the work area tidy. Clean all swarf from the machine after use.

Check that the POWER ON switch is set to OFF before switching on the
mains supply.

Make sure that tooling clamps, chuck, and vice jaws are properly tightened.

Make sure that the chuck key and other securing keys are removed before
closing the guard.

Keep tools clean and sharp. Use the most suitable tool for the job.

To avoid running a tool into the workpiece or chuck, make sure that tool
offsetsand workpiece datum are correctly set, and that the correct tool types
and positions have been selected.

Know the capabilities and limitations of the machine. Do not overstress the
machine by selecting excessive feed rates and depth of cut.



Safety

Stopping the Machine

%
%

WARNING:

DO NOT ATTEMPT TO STOP THE MACHINE BY OPENING THE
GUARD. USE ONE OF THE METHODS GIVEN BELOW, AND WAIT
UNTILTHE SPINDLEHAS STOPPED BEFORE OPENING THE GUARD.

When the machine is executing a production cycle, it can be stopped by any

of four methods:
Emergency Stop Button Pressing the button stops the machine and aborts the production cycle. The
(E-STOP) button must be turned to release it, and to resume production the machine
must be re-initialised and the cycle repeated from the beginning.
Inhibit/Run Switch Setting the switch to INHIBIT stops the machine and aborts the production
cycle in the same way as the E-STOP button. =
POWER ON Switch Setting the switch to OFF removes the power from the DUET machine and

the power supply unit. To resume production, the machine must be re-
initialised and the cycle repeated from the beginning.

Computer Keyboard Pressing ESC stops the machine and interrupts the production cycle.
Production can be resumed from the point where it was interrupted by re-
selecting the file in use.



Guard Switches

For setting tool offsets, and when the Manual Mode option is used, the
machine is controlled manually by the computer keyboard or mouse. For
these purposes it is necessary to gain access to the chuck, workpiece and
tooling. Safety switches detect when the guard is closed and restrict the
operation of the machine under manual control as follows:

Spindle drive cannot be started unless guard is closed.
With guard open, toolholder can only be moved at slow speed.



Introduction

-1 Introduction

The Boxford DUET is a machine tool designed for both lathe and mill CNC
training on the same machine. Two versions of the machine are available: a
320W version with a fixed spindle drive ratio, and a 450W version with a
choice of two spindle drive ratios provided by quick-change cassettes.

In lathe mode, the DUET provides 2-axis simultaneous movement and
screwcutting. capability. In mill mode, the machine provides 3-axis
simultaneous movement.

A robot port is provided to enable the DUET to be used in an FMS system.

The machine is operated by an IBM~ompatible PC on which the DUET
software package is installed, allowing control by keyboard or mouse.

The DUET software is a Windows-style package with pull-down menus,
enabling components to be produced by ISO G and M code programming
(CNC programming) or by CAM, and providing program editing. Screen
graphics include 2D and 3D viewing with rotation and zooming, and
simulation of machining for program verification.

SuperDraft and Boxford Old Format files can be imported.

This manual contains instructions for installing the DUET machine and
software,and general guidance in using the DUET software. After settingup
the equipment and becoming proficient in operating the software, refer to
the TURNING and MILLING manuals for details of CNC programming and
machining.

If required, all aspects of programming, program editing and simulation of
machining can be practised without the PC connected to the DUET machine.
This enables training to be carried out on a number of PCs simultaneously;
completed programs canbe transferred to a PC connected to the DUET for
machining and program verification.



DUET Machine Tool
Fitted with:

Lathe Mode Tooling:

Mill Mode Tooling:

Accessories

Packing List

2 Packing List

B ORARAR

=1

o

10.

12.
13.
14.

15.
16.
17.
18.
19.
20.
21

Unpack the case and check that the following items are included, (see
Figure 1.1):

6-position toolholder with six clamps

Tailstock and centre

Low-voltage light

320W version: fixed spindle drive with cover
450W version: -~ speed change cassette
3-jaw chuck

Additional speed change cassette (450W version only)

4-position drilling/boring toolholder with bushes
Left-hand turning tool with spare tips

Parting-off tool with spare tips

Spindle centre, driver and carrier

One 10 mm bore cutter holder
Two 5 mum bore cutter holders

One 5 mm end mill
Milling vice with two reversible jaws
Milling table with four T-clamps

Chuck key

Camlock key (for securing milling table and drilling/boring toolholder)
Oilcan :
Operating manuals

Swarf brush

Turning billets (3)

Milling billet (wax)
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\

Control Equipment 22.  Control Unit (for 240V or 110V a.c. supply, as appropriate)
23. Mains cable
24. Parallel cable with 25-way connectors
25, Serial cable with 9-way connectors
26. DUET software on 3.5in. disks



Specifications

3 Specifications

\

mm in
Lathe Mode Swing over bed (dia) 225 8.86
Max turned dia. between centres 65 2.6
Spindle bore 20 0.8
Distance between centres 330 13.0
Turning distance between centres 330 13.0
Tailstock centre adjustment 100 3.9
Axis travel:
X 125 4.92
- N 360 14.0
Mill Mode Axis Travel X 125 4.92
Y _ %5 3.0
Z height (chuck to table) 260 10.0
Spindle Speed Range 320W version | 200-2500 rev/min
450W version: . low range 40-400 rev/min
high range 400-4000 rev/min
Rapid Traverse Rate 500 mm/min 19.5 in/min
Programmable Feed Rate 0-500 mm/min  0-19.5 in/min
System Resolution 0.01 mm 0.0004 in
Spindle Motor 320W or 450W
mm in
Dimensions L 900 355
\%Y 455 18
H 480 19

Weight 52kg 1151b
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LATHE MODE

2] / 22 23 24 25

MILL MODE

Figure1.1 Duet Machine Tool and Accessories



Computer Requirements

4 Computer Requirements

\

The DUET machine tool is designed to be operated by the DUET software
running on-an IBM-compatible PC. The requirements of the PC are given
below, together with guidelines for setting up the computer before connection
to the machine and installation of the software.

Processor The PCshould be based on a 386 processor or higher.

Note:

The DUET software will not run on computers fitted with Intel 8088 or 8086
microprocessor chips.

A maths co-processor is recommended. This can increase the speed of the

softwareoperation by 200-400% dependingon the type of co-processor,and

the effects will be most noticeable when the 3D viewing feature is used in
= Lathe mode.

Note:

Itis possible to run the DUET software on a 286 machirie, but this will require the
computer to run at its absolute limit and.is therefore not recommended. Ifa286
machine must be used, refer to Configuring 286 Machines below — you will need
some krowledge of editing CONFIG.SYS files and altering CMOS settings, and an
understanding of computer memory layout.

Configuring 286 Machines The 286 provides less XMS support than the 386/486 in that a memory
manager specific to the computer chip set must be used. Some 286 machines
use plug-in boards offering extra memory, and the memory manager
required to access this memory will be supplied with the board. More
modern designs build the required circuitryon to the computer board itself,
and the memory manager should be found on the disks supplied with the
computer. Third party manufacturers (such as Quarterdeck) offer managers

that will operate on the more common chip sets (such as the NEAT chip set).

The appropriate memory manager specific to the memory management
circuitry on your own 286 machine must therefore be included in the
CONFIGSYS file. You must also include the HIMEM.SYS file to allow
programs to access the memory.

The 286 machine cannot mix EMS and XMS as easily as higher processors.
It is likely that you will have to band XMS to a megabyte boundary (for
example,above 1 Mbyte orabove 2 Mbyte). If your machinehasonly 2Mbyte
of RAM, you will have to use the area betwen 640 kbyteand 1 Mbyte as EMS
memory. You will not therefore be able to use this memory for other things:
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——————————— —— — — e __muummmBmRmbSS———_,

do notload DOS high, and do not shadow the ROM /VGA BIOS to this area.
You may need to alter the CMOS settings to achieve this.

Finally, the 286 machine should be configured to offer atleast 12 pages
(192 kbyte) of EMS, and 192 kbyte of XMS.

Operating System DQOS version 3.3 or later is required.

Disk Drives Ahard disk,and a 3.5 in floppy disk drive of 1.4 Mbyte or 720 kbyte capacity
arerequired. Itisnot possible to run the DUET software from the floppy disk
drive.

RAM A minimum of 2 Mbyte is required, including XMS (Extended Memory), of

which atleast 512 Kbytes must be free, and EMS (Expanded Memory).

To make use of XMS and EMS, the corresponding memory drivers
HIMEM.SYS and EMM.SYS must be loaded on the hard disk, and must be
specified in the CONFIG.SYS file.

To make sure that the memory capacity and configuration are acceptable,
you should therefore:

e Check the amount of RAM available

e Check the contents of the CONFIG.SYS file to see whether the drivers are
specified,

e Ifthedriversare not specified, check the contents of the hard disk to identify
the drivers, and

e Edit the CONFIG.SYS file to include the drivers.

If you are not sure how to do-this, consult the DOS manual for your
computer; the following is a general guide:

1. Tochecktheamount of RAM available, at the C:\> prompt type: MEM. The
value should be greater than 2 Mbyte (2000 kbyte).

2. To check the contents of the CONFIG.SYS file, at the C:\> prompt type:
TYPE CONFIG.SYS and press Return. A typical file reads as follows:

BUFFERS=20

FILES=30
DEVICE=C:\DOS\EMM386.5YS
DEVICE=C:\DOS\HIMEM.SYS
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Parallel Port and Printér

Serial Port and RS232
Data Cable

Mouse

The exact names of the drivers may vary, but usually start with EMM, (for
example EMM.SYS or EMM386.EXE). Some drivers combine the functions
of both HIMEM and EMM, and these may have a name similar to
386MAX.SYS. :

If the drivers are not specified in the CONFIG.SYS file, ook for them in the
directory that contains the DOS files.

Add the drivers to the CONFIG.SYS file by using an appropriate DOS
command such as EDLIN, (consulting the DOS manual if necessary).

Re-boot the computer to make the drivers active.

The DUET machine must be connected to a parallel (LPT) port on the PC,
which is also the port normally used for connecting a printer. If a printer is
to be used for producing hard copies of programs, one of the following
options should be taken:

If the PChas two parallel ports, the DUET machine can be connected to one
portand the printer to the other. The DUET software can be configured touse
the appropriate ports as detailed in Section 5 - Installation.

If the PChas only one parallel port, either have a second port fitted (which
can be done for amoderate cost), or fit a 25-way switch to the parallel cables.

The final option is to interchange the machine and printer connectors as
required.

The DUET software enables programs to be exported to another PC. If this
facility is required, a suitable cable and free serial port will be needed.

The DUET machine must be connected to a serial (COM) port on the PC. If
amouseistobeused, itshould be connected either to a dedicated mouse port
or to a second serial port. If necessary, re-configure the PC to use the
appropriate port leaving a serial port free for connection to the DUET
machine (see Section 5 - Installation). Alternatively, the DUET software can
be operated from the keyboard.
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1 Cover fixing screws
2 Sealing plate
3 Nut

4 Flexible conduit
5 Lamp power connector
6 Transformer

Figure 5.1  Connecting DUET to Control Unit
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5 Installation

g
x

Connecting DUET to
Power Supply Unit
(Figure 5.1)

5.1 Installing the DUET Machine Tool

The DUET machine requires a firm, level surface. It is not necessary to bolt
themachine in position, and the machine can be turned on end for use in mill
mode. The control unit and PC require a clean, dry area free from dust,
vibration, and risk of splashing with coolant and other liquids.

If thePChasa separate monitor, the monitor can be stood in the recessin the
top of the control unit, with the PC, keyboard and mouse arranged
conveniently around the unit, (see Figure 1.1).

The DUETmachine isconnected to the control unit by three cables contained
in the flexible conduit (4).

Remove the securing screws (1) from each side of the cover of the control
unit, and take off the cover.

Insertthe end of the conduit into the slot in the back of the control unit, insert
the sealing plate (2) on the inside of the casing, and tighten the nut (3) to
secure the conduit and sealing plate.

Connect the 25-way ribbon cable and connector to PL3and the 6-way power
connector to PL4 on the printed circuit board.

Connect the 2-way connector to the lamp power connector (5) which is wired
to the transformer (6).

Refit the cover and secure it with the screws (1):
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REAR VIEW Robot(FMS) FS1 FS2
DUET PL1 PL2 /LED?, Power socket
CONTROY A.C. POWER
g B, v /SOCKET
ains
fuse [Z]
O
Parallet Serial
cable cable
PERSONAL
COMPUTER Wzins
lead

Parallel port

PRINTER ﬁ

Serial port
To parallel port

Figure5.2  Connecting PC and Power Supply
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Connecting PC
(Figure 5.2)

Connecting Mains
Supply (Figure 5.2)

Make the connections to the back of the control unit as follows:

Connect PL1 to the parallel porton the PC with the 25-way parallel cable. (If
a switch is to be used for connecting the printer, connect the switch to the
parallel porton the PC and connect the parallel cable to the switch). If the PC
has two parallel ports, use LPT2 to avoid conflict with any other software
installed which may use LPT1.

Connect PL2 to the serial port on the PC with the serial cable.

Connect the printer to the second parallel port or switch, or place the cable
connector close to the first parallel port to allow easy connection, as
appropriate.

The mains lead must be terminated with an earthed (grounded) three-pin
plug and connected toan earthed (grounded) a.c. power supply socketof the
correct voltage (110 or 240V).

The wires are colour-coded as follows:

Black : L Laye

Brown : Neutral
Green/White | @ Earth (ground)
WARNING:

BEFORE CONNECTING AND SWITCHING ON THE MAINS SUPPLY,
CHECK THAT THE ‘POWER ON’ SWITCH ON THE FRONT OF THE
CONTROL UNIT IS SET TO ‘OFF’.

Connect the mains lead to the power socket at the back of the control unit,
and to an a.c. power socket.
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5.2 Installing a Robot for FMS Operation (Figure 5.3)

\

A robot can be connected to the port at the back of the control unit (see
Figure 5.2). The port accepts an input (CYCLE START) signal and provides
an output (CYCLE COMPLETED) signal.

The port must be activated by using the CONFIG menu in the DUET
software, (see 5.4 Configuring the DUET software).

When the portisactivated, the inputand output signals operate as follows:

Input Signal Signal from robot to start machine cycle. Remote switch must be capable of
handling 10mA at 5V.

Output Signal Signal from DUET that machine cycle has been completed. Output will
handle 100mA at up to 12V.

ROBOT (FMS)

1 CONNECTOR
DIN 8-pin
with - (female)

CONTROL UNIT ROBOT

100mAmax )4 '°©d +5 o +12V

: ¢ CYCLE COMPLETED
ﬁ tab OV

+5V j,' 4 CYCLESTART
0 o

y T

Figure 5.3 Robot (FMS) Connections
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5.4 Configuring the DUET Software

E

Before the DUET machine is used, the software must be configured to suit
your computer systemand programming preferences. The Lathe and Mill
modules of the software must be configured independently; the procedure
is the same for each module.

Refer to Section 7 - Using the DUET Software for details of how to run the
software. Each module is configured by means of the CONFIG option on the
main menu.

Runthe Lathe module, and carry out the procedure given below. Repeat the
procedure for the Mill module.

CONFIG Menu 1.~ From the main menu, select CONFIG to display the CONFIG menu:

FILE PROGRAN BACHINE BELP JOUNE 1G]

itardware
Yrogram
Default

The Colours option sets the colours for the screen display on a colour
monitor,and the grey tones for a monochrome monitor.

The Hardware option sets the ports and disk drive which the software will
use. Thesystem will notoperate correctly unless the appropriate settingsare
made.

The Program option sets the units of measurement and other parameters
associated with CNC programming and graphics.

The Default option sets all parameters to their default settings, which may
not be suitable for your system.
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Select Hardware from the CONFI
CONFIGURATION SETTINGS OUTP
shown:

G menu. The screen shows the
UT display with typical settings as

TILE __ PROGRAR_ BAOTIRE WELP

[=5] CONFIGURATION SETTINGS DuTPUT
FILE TRANSFER DISC DRIVE = e
FILE TRAMSFER RS232 = i
PRINTER ON
MACHINE SERIAL LINE =
HACHINE PARALLEL LINE =
rocH e
SPICIAL OPTION 1S
s svsms

BOXYORD DUET LATHE

Select the settings as follows:

FILE TRANSFER DISK DRIVE:

The drive letter of the 3.5 in floppy disk drive to be used for ex
importing programs (usually A:).

FILE TRANSFER RS232:

The COM port to be used for transferring files direct to another PC by data
cable, if required. If your PC has only one COM port, set COML. If there is
a second COM port, set COM2. One COM port must be reserved for the
machine serial line.

PRINTER ON:

The port setting will depend on the arrangements made for connecting a
printer, (see Section 3 - Computer Requirements). Set LPT1 or LPT2 as
appropriate.

porting and
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MACHINE SERIAL LINE:

Set the COM port to which the machine serial cable is connected, (usually
COM1I).

MACHINE PARALLEL LINE:
Set the LPT port to which the machine parallel cable is connected.
MACHINE :

Theoptions are CONNECTED and NOT CONNECTED. Set CONNECTED
to enable the PC to communicate with the machine.

SPECIAL OPTION IS:

This option is reserved for future use, and the options are ENABLED and
DISABLED. Set DISABLED.

FMS SYSTEM IS:

Thisoptionis used toactivate the robot port when the DUET machineis used
with an FMS system, and the options are CONNECTED and
DISCONNECTED. Set DISCONNECTED initially; the setting can bealtered
to CONNECTED if a robot is to be used.

( Using a Mouse:

To select the parameter to be set, either click on the required box or
click on 2 or 7.

Click on (CATTERD) to display the options, and click on the required
option.

Using the Keyboard:
Press or to select the parameter to be set.

Press to select [_ALTER) and display the options.
Press or to select the required option
N
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Select Program from the CONFIG menu. The screen shows the
CONFIGURATION SETTINGS PROGRAM display with typical settings as
shown:

Jin PROCRAN TACHIRE HELP D UNE 1 G
=| CONFIGURATION SETTINGS PROGRAN ALTER
LK
UITS rODE =
7
PROGRARIING HODE =
DISFLAY IYPE =

GRID SMAP = 1.06

BOXFORD DUET LATHE

Make the initial settings in the same way as for the Hardware option. It will
probably be necessary to change the settings later when producinga program
as detailed in the TURNING and MILLING manuals.

UNITS MODE:

Sets the units of measurement to be used by the software in CNC and CAM
programming and in displaying the workpiece graphically. The optionsare
Imperial (inch), Metric, and Met/Imp which usesa combination of the other
two.

PROGRAMMING MODE:

The options are Absolute and Incremental, which determine the system of
co-ordinates used in CNC programs. Accept the current setting initially;

further details of absolute and incremental co-ordinates are given in the
TURNING and MILLING manuals.
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DISPLAY TYPE:

This parameter sets the formatin which manual programsare displayed; the
optionsare Tabulated and Compact. Set Tabulated for the initial setting, as
this format will be more easily understood in the early stages of training.

GRID SNAP:

Sets the fineness of the graphics grid to which lines drawn on the screen will
‘snap’.-Accept the default setting initially; it can be changed later during
programming.

9. Display the SAVE SETTINGS box and save the settings as for the Program
option.

The DUET machine and software should now be correctly configured and
ready for use, Take some time to explore the options of the Lathe and Mill
modulesof the software by referring to Section 7 - Using the DUET Software,
until you are familiar with th _ i i is wi
time when using the TURNING and MILLING manuals in which the accent
is on producing CNC and CAM programs and machining components.
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6 Machine Controls (Figure 6.1)

POWER ON Switch

Controls the mains power supply to the power supply unit and the DUET
machine. The switch lights up when the power is turned on.

RUN/INHIBIT Switch

With the switch set to RUN, the machine operates normally. When the
switchissetto INHIBIT, the PCis prevented from operating the machine. Set
the switch to INHIBIT and removeand retain the key to preventunintentional
operation of the machine when an untested program is being produced.

E-STOP (Emergency Stop Pushbutton)

Pressing this pushbutton stops all machine movement, and the button locks
in the depressed position. If the machine is in production, an appropriate
messageis displayed on the PC screen. The button must be turned to release
itand to enable the machine to be started. If the machine was performing a
production cycle, the cycle must be repeated from the beginning.

Low Voltage Light

The lamp is operated by the switch at the back of the lamp housing, and is
pivoted to allow adjustment.

Guard

With the guard closed, the moving parts of the machine are totally enclosed.
Safety switches detect when the guard is closed and provide the protection
described in Safety. If the guard is open and an attempt is made to machine
a component, an appropriate message is displayed on the PC screen.

LEDs

A red and green LED on a printed circuit board are visible through the
window in the end cover. The LEDs flicker when the DUET software is
communicating with the DUET machine.
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Light
switch

POWER SUPPLY UNIT

llluminated - RUN/INHIBIT = E-STOP
POWER ON keyswitch

switch

Figure 6.1 Machine Controls
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7.2 Sequence of Operation

\

Programs are stored in the DUET software in program catalogues. (For
further details, see Catalogues and File Handling). In order to machine a
component, a program or file must be stored in a Catalogue, and the
TURNING and MILLING manuals deal with the creation, editing and
saving of new programs.

When the software is first installed, several programs are included in a
Catalogue for demonstration and tutorial purposes.

Note:

A demonstration Turning and a demonstration Milling program are included,
together with workpiece billets to enable an example of each type of component to be
machined, (see Section 2 - Running the Demonstration Programin the Turning and
Milling manuals).

Theprocedureforselectinga programand producing the finished component
consists of two stages:

1. Programming - initiated from the PROGRAM option on the main menu.
2. Machining - initiated from the MACHINE option on the main menu.

Figures?7.1and 7.2 show the two stages, each consisting of a numberof steps,
together with brief details of the menu options and selections required for
each step. (Full details are given in the TURNING and MILLING manuals).
To become familiar with the software, practice selecting a program and
carrying out each step of the procedure as follows:

1. " Programming
This stage can be practised without the machine connected.

2. Machining
CAUTION:

TOOL OFFSETS MUST BE SET CORRECTLY BEFORE MACHINING,
TOPREVENT THE RISK OF RUNNING THE TOOLINTO THE CHUCK
OR WORKPIECE.

THE OFFSETS FOR THE TURNING TOOLING FITTED TO THE
MACHINEON DELIVERY ARE FACTORY-SET.ITISRECOMMENDED
THAT THESE SETTINGS ARE CHECKED BEFORE RUNNING THE
DEMONSTRATION AND TUTORIAL PROGRAMS.
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IF YOU CHANGE THE TOOLING, DO NOT ATTEMPT TO MACHINE
A COMPONENT UNLESS YOUHAVE CORRECTLY SET THE OFFSETS
AS DETAILED IN THE TURNING OR MILLING MANUAL.

The MACHINE option also provides direct manual control of the machine
witha mouse or the keyboard, by means of the Manual Mode option. The
use of this option can be practised provided that care is taken not to run the
tool into the chuck or workpiece.
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a

Step Option or selection
NG oan 1 T
programming
¢ Program Cam
4
2. Select file = [ CATALOGUE CAT
Existing programs New
program
New
P Refer to TURNING or
gogrart MILLING manual to
l create, edit and save
. new program
Existing =
T program
2D 3D
3. View For 3D view:

component j: :

2D

= f 2D simulate

3D simulate

4. Simulate
machining |—----

Machining

Figure7.1 Programming
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Step : T — Option or selection
5 Set s, ot e e
and Tool Offset alniretiie g
: Tools
Set Tool Offsets
efflect fie CATALOGUE CAT Manufacture
Existing programs
__|
Existing program
7. Fit tool and
workpiece U
8. Machining
MANUAL : Manual Mode
OPERATION @ s [

Figure7.2  Machining
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Circuit Diagrams and Description

8 Circuit Diagramsand Description

k

8.1 System Schematic (Figure 8.1)

Figure 8.1 shows the identityand location of the units comprising the control
system of the DUET machine. In the 320W version, the spindle drive unit is
a PCB supplied by Boxford. In the 450W unit, a proprietary drive unit is
fitted, manufactured by Lenze.

I
[
!
1
|
1
|
I
|

CONDUIT LOE UOLT LIGHT‘ [

l” Z CORE CABLEK | 2
/ W R

COMMUNICATION OPTO BOARD
CABLE PLS (XD sawiiiiin {
MICROPROCESSOR = )
BOARD a
L M
\ AL 1 T 00228 X AXIS MOTOR
Ty H 8 188A4S
Junre
ny-37/6s
—1TB4 CON1 TB1 ﬁ AXIS MOTOR

HT?T? jjjﬂ 186A4S
TB2

Z AXIS MOTOR

1
i

1

I

I

I

!

!

!

I

1

1 H 8 1686A4S
j AXIS DRIVE ;
I BOARD ﬁ

!

I

1

I

1

1

t

|

!

|

I

TB3

ri/e8/28

SPINDLE MOTOR

HACHI NE :l:

Figure8.1  System Schematic
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Figure 8.4  Spindle Drive PCB
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8.3 Spindle Drive
%

83.1 320W Version (Figure 8.4)

83.2

A 320W permanent magnet motor is fitted and is controlled by the pulse
widthmodulated spindle drive PCB. The motor supply is taken from Tx2 on
the power supply PCB and is rectified and smoothed by a rectifier and
capacitor in the control unit. No choke is required.

Full voltage is supplied to the motor, and speed control is provided by
varying the period for which the supplyis connected. This enables maximum
torque to be applied throughout the speed range. The supply is chopped at
10kHz, with a mark/ space ratio variable from 10% to 90%. Motor current is
sensed across R5 and the limiting value is set by VR1.

450W Version

A 450W rare earth magnet motor is fitted and is controlled by a half-
controlled thyristor bridge drive with an isolator card on the inputs. A 2A
80mH choke is fitted in the outputline to the motor to improve the torqueat
the spindle.

The drive is de-energised by the E-stop control or by the enable relay. The
enable relay is also inhibited by the software so that it cannot be energised
unless a spindle direction is selected.

In addition to the mains input fuse, a 20A fuse is incorporated in the drive
unit.



9 Fault Diagnosis

P

9.1.1.

WARNING:

THE MAINS SMOOTHING CAPACITOR IN THE CONTROL UNIT
WILL HOLD A CHARGE FOR SOME TIME AFTER THE SUPPLY IS
DISCONNECTED. ALWAYS CHECK THAT THE CAPACITOR HAS
DISCHARGED BEFORE WORKING ON THE CIRCUITRY.

Fault Diagnosis Procedure
If the software will not run, refer to 9.3 - Software Fails to Run.

In theevent of a fault which occurs while the software is running, first carry
out the initial checks given in 9.1.1. below before turning off the power
supply, referring to other parts of the manual as indicated. If the initial
checks do not reveal the fault, refer to 9.1.2 - Control Unit Checks and 9.1.3
- Power-Up Checks, in the sequence given.

If any of the test conditions are not met, refer to 9.2 - LEDs, Test Points and
Fuses to trace the fault and identify the faulty component.

Initial Checks Reference
(With system powered up and software running)
On the Control Unit, check:

Mainslead connected to a.c. power socket and Figure 5.2
supply switched on

POWER ON switch set to ON and illuminated Figure 6.1
E-STOP button released Figure 6.1
RUN/INHIBIT keyswitch set to RUN Figure 6.1
LEDs1and 2 ON Figure 5.2

On the PC, check:

CONFIG settings correct Section 5, 5.4-
Configuring the
DUET
Software

On the DUET machine, check:

Guard closed
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9.1.2. Control Unit Checks Reference
1. Switch off mains supply, and set Figure 6.1
POWER ON switch to OFF
2. Check cables and connectors:
Control Unit to PC - serial and parallel cables Figure 5.2
Control Unit to Duet - cables in conduit Figure 5.1
3. Check fuses:

Mains fuse, FS1, FS2 Figure 5.2
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9.13. Power-Up Checks
1. Onthe Control Unit:

Connect mains lead to a:c. power supply Figure 5.2

and switch on supply

Set POWER ON switch to ON and chack that Figure 6.1

switchis illuminated

2. Onthe PC;

Run DUET software, but do not initialise the machine  Section 7,
7.1-Running
the Software

3. On the Axis Control PCB, chack: Figure 9.1

LEDs 4 and 6 ON

LED 3 ON (E-STOP button reieased)
LED groups 7-10, 11-14; 15-18 - even number of LEDs ON

4." On the Microprocessor PCB, check: Figure 9.1
L5R ONand L6G OFF

If this condition is not met, switch off the power,
wait for 2-3 seconds, and switch on again.

5. - Initialise the machine:
On the PC, from the main menu select MACHINE
and thenReset Machine

Check that LEDs L5R and L6R flash alternately Figure 9.1
until the program is downloaded, then check that
L5R is OFF and L6R is ON.
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DUET CONTROL UNIT
REAR VIEW
Robot (FMS) FS1 Fs2
port
PL1 PL2 LED1 [_EDz Power socket

Mains

a:/ fuse

! w///

HEADSTOCK END OF DUET - LEDs
L4G 3G L2R LIR

Microprocessor
PCB

Axis Control PCB

Figure9.1 LEDs ang Fuses



320W Version:

450W Version:

Fault Diagnosis

9.2 LEDs, Test Points and Fuses (Figure 9.1)

\

9.2.1

922

Power Supply PCB

The LEDs can be seen from the back of the Control Unit and the fuses can be
checked and renewed without opening the unit:

Supply Indication Fuse

+12V.d.c. LED 1 F51 3.15A

+24V d.c. LED 2 ES2 3.154
Mains input — Drawer type 10A

10A fusefitted onspindledrive PCB to protect the PCBin the eventofa motor
fault.

Lenze spindle drive has internal 20A fuse to protect outputs against shorts
to earth (ground).

Spindle Drive PCB (320W Version only)

No LEDindicators are fitted, but the following readings can be taken with
an oscilloscope:

Test Point Signal Reading Adjustment
IC1,pin8 Chop Frequency ~ 10kHz VR3
Ll Mark/space Changes with VR2
speed demand
TP 2 Motor current 1.5V (=3A) VR1

limit
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9.23 Microprocessor PCB

LEDs LIR  Driven by signal from spindle encoder - (sensor and disc with 32 holes).
Signal used to measure spindle speed.

ON (red) when sensor sees a hole.
OFF when sensor sees metal of disc.

L2R" Driven by signal from sensor viewing single marker slot in encoder disc.
Signal used to produce consistent starting point for each threading pass.

ON (red) when sensor sees slot.
OFF when sensor sees metal of disc.

L3G  Driven by signal from speed change cassette switch (450W version).
ON (green) when low speed cassette fitted.
OFF when high speed cassette fitted.
(Always OFF on 320W version).

LAG " Driven by signal from guard switch.
ON (green) when guard is closed.
OFF when guard is open.

“L5R " Indicates control program status.
ON (red) when machine is powered up but notinitialised from PC.
OFF when machine is initialised (control program loaded from PC and
running).
“L6G ' Indicates control program status.
OFFwhen machine is powered up but not initialised from PC.

ON (green) when machine is initialised (control program loaded from PC
and running).
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*L5R and L6G:

Test Points

GND
+5V
+12V
ANLG
EPROM

Software Loader EPROM

LEDs

9.2.4
LED 1

LED2
LED 3
LED 4

LED 5
LED 6

While the control programis being downloaded from the PC to the machine
(using the Reset Machine option), LEDs L5R and Lé6G flash rapidly and
alternately. If, when downloading is complete:

L5Riis OFF and L6G is ON - the control program is running satisfactorily.

L5R stays ON and L6G stays OFF - the control program is not running.
Suspect a hardware fault on the microprocessor PCB.

Used as a reference for the following test points:

Logic supply rail +5V d.c.

Auxiliary supply rail +12V d.c.

Spindle drive analogue voltage - proportional to speed, 0-10V d.c.

Control software status. This test point requires the use of an oscilloscope:

With the machine powered up, butcontrol software notloaded (L5R ON and
L6G OFF), an even mark/space ratio should be seen.

With the software downloaded, (L5R OFF and L6G ON), the waveform
should change to short sections of even mark/space ratio periodically
Separated by a long mark time.

The software for downloading the control program resides in EPROM U12,
whichis labelled with the version number.

Axis Control PCB

X-axis motor. OFF when motor i$ in home phase condition (one pulse in
eight).

Y-axis motor. (As LED 1).
Z-axis motor. (As LED 1).

+5V supply. (Will be OFF if LED 6 is OFF, as +5V supply is derived from
+12V supply).

Motor supply (24V d.c.). OFF when E-stop is operated.
+12V supply.
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LEDs7-10  Z-axis motor. Indicate phase outputs which are ON, and should cycle as
steps are output. While the motor is energised at least one pair of diagonally
opposed LEDs should be ON;, alternating with both pairs ON together:

o _: C') —# repeat

All on 1st phase on Allon 2nd phase on

1 2 3 4
TEKRE '

An odd number of LEDs ON would indicate a fault in the motor or output
stage.

LEDs 11-14  -Y-axis motor. (As LEDs 7-10).
LEDs 15-18 X-axis motor. (AsLEDs 7-10).
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9.3 Software Fails to Run

N

Most problems will be caused lack of available memory. If your computer is
a 386 or486 runningeither MSDOS or DRDOS, the DUETINSTALL program
will identify, and in many cases automatically rectify, any problems.

Make the following checks, referring to Section 4 - Computer Requirements
where indicated:

Is the computer fitted with-an 8088 or 8086 chip?
(The DUET software will not rurton these types).
Is the computer a 2867

If so, refer to Section 4. It will not be possible to install the DUET software
until the computer's memory is correctly configured.

Does the computer have a minimum of 2 Mbyte of RAM?

The DUET software will not run with less than this amount. To find out how
much memory your computer has, refer to Section 4.

Does your computer support both XMS (Extended Memory) and EMS
(Expanded Memory) ?

If you think your computer may not offer both of these, refer to Section 4
for guidance in adding this support.

Does your computer have sufficient available memory?

It may be that your computer has more than 2 Mbyte of memory, but that
much of thisis being used by other memory-resident programs, leaving little
memory free to run the DUET Software. If you think that this may be the
cause of the problem, refer to the DOS manual for guidanceinlimiting the
amount of memory that other programs are allowed touse. Such programs
are typically RAM disks or disk caches.
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9.4 Maintenance

\
Keep the DUET machine free from dirt and swarf.
Lightly oil the slideways at regular intervals.
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