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IMPORTANT

The PNC 4 should be electrically isolated from the supply if its cover is removed.

Before applying power to the system ensure that a) the input power is at the correct
voltage and b) the drives/machine switches and auxiliary outputs are correctly
connected.

The PNC 4 should be properly earthed (grounded) at -all times.—

The stepper motor drive boards in the PNC Y4 may sustain severe damage if the motor
connections are made or broken with the power still on.

PNC 4's with integral stepping motor drives are equipped with a fan which keeps the
drives cool ensuring high reliablity. The fan filter must be kept clear. This may
be done by using a vacuum cleaner (do not use an air line) to remove the dust ete.
The fan filter outer cover may be removed and the filter changed if necessary.

The digital cassette unit and cassettes may be adversely affected by dust/swarf etc.
In consequence, care should be taken to keep the cassettes and cassette unit as free
from dust as possible. The cassettes should be stored in their cases after first
being rewound to the clear leader.



INTRODUCTION

We are pleased to introduce you to this programable numerical controller, which has
been designed, developed, and manufactured by North East Electronics Ltd.

This low cost, reliable, accurate system is ideal for a wide range of applications
which require precise positioning, for example on a variety of machine tools, for

drilling, milling, engraving, welding and profile burning by laser or conventional
methods using rotary and/or x-y tables.

At the heart of this system is a powerful NEE designed computer which gives the PNC
4 the ability to precisely control up to 4 axes of movement with linear and circular
interpolation at programable feedrates. The PNC 4 can also act as a process
controller with up to 12 programable auxiliary outputs and monitoring 8 programable
user assigned input signals.

It is the policy of North East Electronics to continually review and upgrade its
products. This PNC 4 is the latest in a line of controllers whose forerunners are
working in diverse applications with no small measure of success.

NEE will be pleased to discuss any application on upgrades to existing machines or
applications/modifications of the PNC 4 control unit to suit new equipment.

The maximum step rates available from the PNC 4 are:
1 axis 13,000 steps/second

2 axes 12,000 steps/second linear
8,000 steps/second circular

3 axes 8,500 steps/second linear
8,000 steps/second circular

4 axes 7,500 steps/second linear or circular

If the extra cost option High Speed facility is_incorporated these figures are
increased by 30%.



1.1

GENERAL REMARKS ABOUT THE PNC 4 SYSTEM

To start-up the PNC system, check that the main power supply is on and that
the table is well clear, then press the Green button titled 'POWER' (this will
illuminate when pressed to switch on). After a few seconds the main title
will be displayed.

1.2

PNC 4

Designed and Manufactured
by North East Electroniecs Ltd.

Rotate circular 'STOP!' button clockwise to ensure it is fully released, then
press the lower Green button titled 'DRIVE!', This powers up the drive section
of the control system. You will also hear the Cooling Fan come into operation
(if drives are fitted internally).

Now action the prompt 'PRESS <ZERO> TO DATUM MACHINE' by pressing the 'ZERO'
key. A prompt will display:- 'SELECT NUMBER OF AXES TO DATUM®*. Select the
number of axes to seek mechanical (proximity detector) datums i.e. '3' to
datum X, Y and Z.

On selecting number of axes, press 'ENTER' and the system will drive the
machine to the appropriate datum position(s) at the same time displaying
'moving to datum'. On completion of the datum cycle the PNC % is then ready
to accept commands.

There is an important point to note concerning the shutting dowm of the
machine. ever swit otf or on with a cassette in the Cassettie amber of
the PNC 4 Unit. To do so can result in corruption of the cassette program.

To switch system OFF press circular 'STOP' button to switch off drives then
press green 'POWER' button to switch off system.

N.B. Whilst the PNC 4 set up procedure (see 1.8) allows the user to give
different names to each axis, this manual assumes that the standard naming
convention has been used. i.e.

axis
axis
axis
axis

nuonon
o N =X

EWN -

PNC 4 DRIVE CONTROLS

The PNC 4 is operated from the 'PROGRAMME! section of the control panel., These
controls will be seen to comprise of STOP and START buttons and a
MANUAL/SINGLE STEP/AUTO Key Switch.

START This button instructs the system to commence execution of the program
in its memory.




MANUAL/SINGLE STEP/AUTO The execution of the program is controlled in one of two
ways., By setting this switch to AUTO, the system will drive the machine through the
complete memorised program from beginning to end, without interruption. If the
SINGLE STEP setting is used, the program will be executed only one stage at a time
(such stages are called Program Blocks, as explained later). The program block
executed is displayed on the monitor. Press the START Button for each stage. This
facility is useful for trying new programs in order to prove them., The manual

- cocas
setting allowsaccess—tothecomputer programing faciltitiess

This key switch can be used to allow access to the program and setup functions by
authorised keyholders only. Turn the key to the Auto setting and remove it.

To allow access, put the key in and turn it to the MANUAL setting.

STOP - Pressing the STOP button causes program execution to stop.

1.3 PNC 4 UNIT FACIA

The front panel of the PNC Unit is represented in Fig. 1 at the end of this
section, where the descriptive terms for the various controls are stated.
Study this diagram and become familiar with the terms. It will helip in
following the remainder of this Manual.

In particular, attention is drawn to the ZERO button at the lower right-hand
corner of the MODE section., It is an important command button in operation of

the PNC U4 system, and when referred to it should not be confused with the

button marked n t n the Data section. In what follows, the
term 'ZERO Button' always refers to the lower right-hand button im the HMODE
section. :

The Cassette section is basically like that of any ordinary tape recorder,
with the actual Cassette being inserted, ejected and removed in the normal
way. As stated previously, never switch the PNC 4 on or off with a Cassette

inserted, since this can lead to corruption of recorded data.

The large red STOP Button on the PNC facia is the Drive shut down button.
Note that it locks 'in'. It is released-by a clockwise rotation of the
Button, otherwise the drives cannot be restarted. This button will NQT switch
off the computer section of the controller.,

Other features on the facia will be mentioned later in the context of their

‘use.
1.4 SYSTEM PARAMETERS AND CONVENTIONS (See also 1.7)

The PNC 4 system is programed to work within a specified working area. If the
machine is asked to travel outside its programed area an error will be
displayed.

When the ZERO key is pressed, the axes will travel towards datum detectors.
These can be positioned at the maximum or minimum limits of the table. When
each axes in turn has found its datum detectors the machine is now known to be

at its Datum Position.




TEST

When used at the pre-datumfstage the TEST key enters the system test
facilities, normally only used by Service Engineers.

Once past the datum stage the TEST key initiates the testing of the presently
loaded program, by effectively doing a "dry run" i.e. exeeuting the program

without actually turning the motors. (See 2.10).

1.5 MAIN SYSTEM FUNCTIONS

The computer system is a very flexible and versatile system with a host of
functions and modes which provide a powerful control medium. It is not
necessary to utilise all of the functions when first learning to use the
machine, though an appreciation of what is available will help the operator
develop his technique of machine control.

The keyboard is split up into three distinct areas:- MODE, FUNCTON and DATA.
See fig. 1.

Let us consider each keypad in turn:-
"MODE" KEYPAD - Readi from ft to Right, To o Bottom

SUBROUTINE - A subroutine is a sub program which is stored in a separate
memory and may be called into the main memory by its subroutine number. (See

9.1).

CASS - This is the Cassette mode which is used to STORE (record) a program on
to cassette from the system memory. Also used to LOAD (play back) a program
from a cassette into the memory and used for Rewinding or Erasing. (See
Section 3.1).

EDIT - Used to enter a program or make changes to a program which is already
stored in the system memory. (See Section 5.1)

DATA LINK - Used to communicate with externél data sources. Information is
passed down an RS232 cable or a centronics parallel interface, which plug into
sockets at the rear of the computer. (See 6.1).

TEST - Used to check the correct functioning of the system, (normally only
used by Service Engineer) and to test the program in memory (see 2.10).

BLANK KEY - Not used.

BLOCK SEARCH - This key allows you to search for a block of information in
memory and execute it. (See 2.9).

HOME - When this key is pressed part way through a program (Keyswitch in
Manual) the Z axis will move to its datum position and then the X and Y axes
will return to their datum position at 100% feed.

SETUP - Used to alter/display system parameters (see 1.7) and to enter plane
switching blocks in EDIT mode.




ABS/INC - ABSOLUTE and INCREMENTAL are two modes in which the computer can
operate. This key allows the operator to select the mode of his choice. (See
4.5)'

INCH/MM - Allows the Operator to select either Metric or Imperial operating
units,

ZERO - Sets or resets the machine to its Datum Position.

MFUNCTION" KEYPAD

RESET - Allows the operator to escape from information entered into the
controller, successive presses escape from descending levels of input.

AUX/INPUT - AUXILIARIES allows signals generated by the PNC 4 to be used to
control users own devices (see 7.16). INPUT allows signals from external
switches to be input to the PNC 4 computer. (See 7.17).

BOTATE - Used to rotate programs through any angle. Extra cost option. (See
section 7.4).

RAPID - Provides rapid moves between operations without disturbing the
programmed feed rates. (See 7.1).

FEED - When entering blocks which define axis movement (such as linear,
circular, repeat and cancycle) the FEED key can only be used once an axis has
been defined.

If the FEED key is used outside of block input in manual (MDI) mode the
feedrate scale value can be altered, the range of feed scale can be from 0.1
to 6500%. The feedrate scale value is a percentage scale value which
increases or decreases the feed specified within a program. If for example
the feed scale value was set to 200% and the feed within a program was 30%,
this would adjust the feed at run time to 60% feed. The feed scale value is
also adjusted when in single step mode and the feedrate is overriden as
described in the feedrate override section. _The feedrate scale value is reset
to 100% when a delete all is executed within EDIT or a new program is loaded
via CASSETTE or RS232.

X, Y, Z, d- These keys are used to define the axis being input.

MIRROR - This allows programs to be mirror imaged in either X or Y axes. (See
7.3).

LABEL/GOTO - This allows Label or Goto label blocks to be entered in a
program. (See 7.15 and 7.18).

OAT DATUM - Used to set a user defined Datum Position specified within the
program. (See 7.11).

REPEAT - This allows programs to be repeated with offsets in any of the axes.
(See 7.9).

CW/CCW - Used to define direction of arc moves during input of data. (See
section 4).




SCALE - This function is used to magnify or reduce the finished item size
using the same original program. (See 7.5).

DWELL - Programmable DWELL with 0.01 seconds to 999.99 second range. (See

7.2).

TOOL - Allows various size tools to be defined and incorporated into a
Drogram (Qan a Py Q%

Progt . Toee—3eCiLIon—ou7T,.

G - For input of G codes (see Appendix C).

PROG STOP - Used to halt execution of the program for operator intervention.
(See 7.12).

QFFSET - Used to run a program from memory displaced from its normal position
according to information keyed in at the keyboard. (See Section 7.7).

TOOL COMP - Used for defining the direction of tool compensation applied.
(See section 8.1).

M - For input of M codes (see Appendix C).

E,0.,B, - END OF BLOCK - This key allows the programer to define where the end
of the command is, before starting a new command.

ENTER - When data or commands are keyed into the computer they will not be
accepted until the operator presses this key.

"DATA" KEYPAD

NUMERALS 0-9 - Allows input of data in decimal format. For details of using
these keys refer to the Programming Sections.

"MANUAL" KEYPAD

ARROW KEYS - The machine can be jogged into position by depressing the
directional arrow keys, which can be found at the top left of the front panel
in the manual section. One press will give one step. If a jog key is held,
continuous movement is made. More than one axes may be moved at once. The +
or - keys allow the Jog Speed to be increased or decreased. If the + or -
keys are used betore any directional arrow key is depressed, the speed the
specified axes will start at is 6% and 1% of full speed respectively.

+, = KEYS - When the machine is executing in MDI or SINGLE STEP mode, the feed
at which the machine is moving at can be overriden, using the + or - keys to
increase or decrease the feed respectively. If the feed is altered when in
SINGLE STEP mode the feedrate scale (as set by the FEED button in the FUNCTION
section) will also be altered.

ON, OFF KEYS - When the machine is operating in MDI or SINGLE STEP mode, or in
auto with no program running, the ON, OFF keys can be used to switch contacts
1 and 2. When the machine is in Edit mode the ON, OFF keys can be used to
input contact ON, OFF blocks into a program.



DIG KEY - Digitise or Teach Mode, will enable the current table position to
be stored in memory. Simply begin loading a program as normal but use the
Jjog keys and the <DIG> key to load a linear block to the current position.
Whenever the <DIG> key is pressed the PNC compares its current position
with the latest position loaded into its program memory and will load a
move of only those positions which differ. This facility can also be used
in conjunction with the Alter, Replace and Insert commands.

Digitise can also be used to define the end point and centre for circular
moves in the following way. First select direction CW or CCW, then select
the type of arc input required endpoint/centre, angle/centre, or
endpoint/radius (see programming circle blocks 4.2). Pressing <DIG> will
load the present position into the circle end point or circle centre,
depending on the circle type selected.

int Digitised Ar on)
Arcs can also be produced entirely by using the digitise key.

Press the CW/CCW key three times and the block header will change fron
CIRCULAR CW to CIRCULAR CCW to DIGITISE ARC. VWhen this shows then press
ENTER and the block skeleton of an end point centre type arc will be
displayed. The jog keys can now be used to position the machine at a mid
point along the required arc. If the DIG key is now pressed the present
position will be displayed in the block for verification. The jog keys can
now be used to position the machine at the arc end point. If the DIG key
is now pressed, the PNC 4 will use the two digitised positions to calculate
the centre point. The block displayed will change to show the resulting
end point centre are. The blcck can now be accepted in the normal way by
pressing EOB.

If the PNC 4 is unable to calculate the required arc then instead of an end
point centre block being displayed, a linear block is displayed showing the
digitised end point. Arcs digitised in this way must be less than 360°,
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1.6

NATURAL STATUS CONDITIONS

It is important to appreciate that when the PNC system is started up, it not
only finds datum postition as described in Section 1.1, it also sets itself
internally to certain Natural Status Conditions, unless commanded otherwise as

follows:-

METRIC/IMPERIAL - The system sets itself up according to the switch setting

(Interface board DIP Switch 3). ON sets it to metric, OFF sets it to inch
mode. The mode can also be switched via the keyboard (see 7.8).

FEEDRATE - Unless instructed otherwise, the system will always apply feed in
all Axes at the default feed (see 1.8.4). A command is necessary to change
the feed to any other percentage.

ABSOLUTE - The system sets itself for operating in the Absolute mode., This -
means that positions defined to it will always be interpreted as a distance
from the origin. It can, however, be commanded to change to the Incremental
mode, and commands will then be interpreted as a distance to be moved from the
last defined position.

This is the first time these two modes have been mentioned, so an example will
help. Let us say that from a previous command the system was positioned 10mm
from the origin in the X Axis., A command is now given to move X 10mm. In its
Natural Status the system would remain stationary because, it is already at
the command point of 10mm with respect to the origin and it is interpreting in
Absolute mode. On the other hand, if the system had been changed over to the
Incremental mode, then it would add the newly introduced 10mm to the 10mm
already given to it, and would take up a position 20mm from the Origin.

LINEAR MOVEMENTS ~ Any command defining single movements in the X or Y Axes
will normally result in straight line motions along these axes. It is
possible, however, to use instructions to generate circular and diagonal
novements by combining the two axes.

R STATUS
CONDITIONS, AND, AS INSTRUCTIOQONS ARE INTRODUCED THE ABOVE RESPONSES WILL BE

EXPERIENCED UHLESS SPECIFIC COMMANDS ARE GIVEI TC THI: COUTRARY.




1.7

SET UP SYSTEM PARAMETERS

The PNC 4 keeps a set of system parameters in its battery backed RAM. These
parameters define such things as number of axes, limits and step sizes. To
enable these parameters to be defined first make sure that switch A6 on the
interface board is ON (see Appendix B). This enables new system parameters to
be stored in the battery backed RAM - With switch A6 ON all other PNC 4

behaviour is norma

1.8

1.8.1

NAME: -

UNITS:

user is certain that the system parameters are correct Then it is advisable
to set switech A6 OFF to prevent any of the parameters being accidently
altered.

The procedure to alter or display the system parameters is as follows:
1. Press the SET UP key to obtain the Machine Set Up menu.

2. Select option 1 EDIT (the other options will be explained later). The
PNC 4 will now display a list of all the parameters that can be altered.
Select the option required and alter as necessary (see 1.8).

3. Use the RESET key to return to the main menu.

y, Now select option 4 to exit the set up procedure. Remember that switch
A6 must be ON otherwise the new values will be ignored.

Select option 2 CASSETTE, allows the system parameters to be stored onto
cassette or loaded from cassette. (See section 3 for cassette operation).

Select option 3. Set DEFAULTS, loads a set of default parameters into the
system. These default values leave the PNC 4 in a safe state with no movement
possible (see 1.8.10 for a complete list).

SYSTEM PA TERS
AXES

Select this option and then enter the number of axes 1 to 4. At this point
the PNC 4 will also set the datum order to the default. The display will then
show a page of variables for the 1st axis.

Use the —> key to move onto the next axis, and the <« key to move back to
the previous axis. Use the 4 and | keys to move the cursor around in
the current page. Note that the prompt changes as the cursor moves from one
item to another. Use the numeric keypad to alter any values, then press RESET
to return to the main Set Up menu.

The values that can be altered are:

axis name X, Y, Z or d.

m.m., inch, degrees or mils can be selected per axis. If m.m, or
inch is selected then metric/imperial conversion will be possible
for that axis.

STEPS/UNIT: the number of motor steps per unit of travel, e.g. 80 would

indicate a step size of 1/80 = 0.0125 units per step.

O



+VE LIMIT: the maximum number of units of travel. (Multiply this by the

steps/unit to give the total travel in motor steps).

ROTARY: Yes or No. If the axis is defined as rotary then the PNC 4 will

assume that its +ve limit is the same as 0 (e.g. 360 degrees is
the same as 0).

FIXED DATUM: Yes or No. If fixed datum is set to no, then whenever this axis
is sent to datum it will simply take its current position as
datum. If set to yes then it will actively se ek datum
detectors.

DATUM AT +VE LIMIT: Yes or No. If yes then the datum position will be the same as

1.8.2

1.8.3

1.8.4

the +ve limit. If no then it will be 0.

DATUM ORDER

This option allows the user to specify the order in which the axes seek datum.
E.g. in a milling machine application, it would be normal to make the Z axis
move to datum first so that the spindle is in a known safe position before the
X and Y axes move to datum. Press RESET to return to main menu.

ACCEL/DECEL RAMP

This option allows the acceleration/deceleration distance to be set. The
screen will display a menu of possible settings. Enter a value 1 to 13 to
select the required setting. The value selected indicates the total number of
motor steps required to accelerate to 100% speed. E.g. a value of 800 means
that a 400 step motor will require two full revolutions to reach 100% speed.
Press RESET to return to main menu.

FEEDRATE

This option allows the various parameters of the machine feedrate to be set
up.

The units value can be set to percentage or units/min. If set to units/min
then the units will depend on how the machine is set up. If the first two axes
are set to m.m, then this value will represent m.m/min. If the first two axes
are set to inches then this value will represent inch/min. The other option is
to set the value to percentage where feedrates are defined as a percentage of
full speed. '

The maximum displayed value will depend on the units selection. If percentage
was selected then this value would obviously be set to 100. If units/min was
selected then this value would be set to a figure which matched the top speed
of the machine.

The default feedrate is the feedrate at which the PNCY4 will assume unless
otherwise defined. On a high speed positioning machine it would be sensible to
set this value to the maximum. All machine movement would be at this value
without a feed being specified. On a milling machine this value should be set
to a value which is very slow (i.e. 15%), so that if the operator should
forget to specify a feedrate, then the machine will not make any sudden high
speed moves.




1.8.5 AUXILIARIES

This option allows the user to set up the usage of the auxiliaries 1 to 12.
Use the ¥ and 4 Kkeys to position the cursor against the auxiliary to be
changed then use the numeric keypad to set that auxiliary to be on.off, pulsed
or momentary. Pulsed auxiliaries close for a certain time (pulsewidth) at the
end of each block if they are programmed to be on. Momentary auxiliaries
remain—closedwihrilst 1o axes are moving but they will open just before any

axis starts to move.

The pulsewidth of the pulsed auxiliaries can be altered by positioning the
cursor over the pulsewidth display and entering a new value. The value
entered is in milliseconds and can be in the range 1 to 9999.

Press RESET to return to main menu.

1.8.6 NAME CONTACTS

This option allows the user to define the names of contacts 1 and 2. Each
name can have up to 8 characters. Use the €~ and —> keys to position the
cursor over each character in the name and then use the + and - keys (situated
above the directiom keys} to alter the character. Each character position can
be a space, a digit 0 - 9, or a letter A - Z.

The name for contact 1 will appear in the top display and also whenever an MO8
or M09 block is used. The name for contact 2 will appear in the top display
and also whenever an M33 or M3% block is used.

Press RESET to return to main menu.

1.8.7 SPECIAL FEATURES

When selected this displays ancther menu from which the following features can
be selected:- ;

1. STOP-START TYPE ‘ |
2. REPEAT TYPE : :
3. RS232 BAUD RATE

Press RESET to return to main menu.

1.8.7.1 STOP-START TYPE

This displays the current setting of the stop/start facility and allows the !
user to change the current setting. Two choices are available. Use the
numeric keypad to select the method required.

If restart at same block is selected and the user stops a program in auto
using the front panel STOP key or the external STOP, then when START is
pressed again the program will restart from the same program block. This
facility is subject to the conditions layed out in 2.6.

If restart from block 1 is selected and the user stops a program in auto using E
the front panel STOP key or the external STOP, then when START is pressed i

again the program will restart at block 1.

Press RESET to return to the selectable features menu.



1.8.7.2 REPEATS TYPE

This displays the current type of repeat block and also allows the user to
change the current type. Two choices are available. Use the numeric keypad

to select the required type.

Repeat-divide ailows the total repeat offset to be divided by the number of
repeats., E.g. to drill 7 equal spaced holes in a distance of 100 mm along the
X axis, the repeat block would be something like.

G381 Repeat-divide
FROM start TO end 6 TIMES
OFFSET X 100.00 Y 0.0

Ordinary Repeats require the offset for each time round the loop to be
defined. E.g. to drill 7 holes spaced 14.29 mm apart.

G81 Repeat
FROM start TO end 6 TIMES
OFFSET X 14.29 Y 0.0

Press RESET to return to main menu.

See section 7.9 for full explanation of Repeats.

1.8.7.3 RS232 BAUD RATE

This displays the current default baudrate. Use the numeric keypad to alter
the baudrate. This default baudrate is always assumed at power up but the
actual baudrate used can be changed when the DATA LINK key has been pressed.
Press RESET to return to main menu.

~1.,8.8 D_TO A SETTINGS (Option)

This option allows the user to define the name of the digital to analogue
converter output, the time taken for the D to A to ramp up from 0 to full
output, the M03 ident, MO4 ident, wether programmable or not and the maximum
value displayed .

-

On selecting this option the cursor will be on the first entry and the user is
prompted to "ALTER NAME". Using the same method as 'NAME CONTACTS' (1.8.6) the
name of the D to A can be changed.

The manual keys can be used to move the cursor to the next item and the user
will be prompted to enter the ramp time in the range 0 to 99 seconds.

The next 2 items allow the user to name the idents for the M03 and MO4 blocks
in the same way as 'NAME CONTACTS' (1.8.6) with the exeception that only 3
characters are allowed, If the D to A were for instance to be controlling a
spindle motor, then it would be sensible to name M03 as FWD and MOY4 as REV.

The next item controls wether the D to A option is fitted or not. If fitted
then 'PROGRAMMABLE' would be set to YES otherwise NO.

The next item controls the value the PNCY4 will display when the D to A is at
full output. If the D to A was controlling a spindle motor capable of 3000 rpm
then it would be sensible to set this value to 3000.

Press <RESET> to return to the main setup menu.




1.8.10 DEFAULTS (main menu)

If you select option 3. Set Defaults from the main menu, then the following
values will be set.

Two axes named X and Y.

Each axes will be m.m., 80 steps/unit, 0.01 mm +ve limit, not rotary, with
fixed datum = no, and +ve limits = no.

The datum order will be axis 1 first and then axis 2.
The accel/decel ramp will be set to its maximum value.
Default feedrate will be 15%.

All the auxiliaries will be defined as on.off and the pulse width will be set
to 50mS.

The contacts will be named as CONTACT1 and CONTACT2.
The Repeats type will be Repeat.

The data link baudrate will be 9600.

The D to A name will be ANALOGUE.

The D to A ramp time will be 99 seconds.




2.1

PRINCIPALS OF OPERATING AND PROGRAMMING

This Section and Section 2.2 are included here to help the user in
familiarisation with command procedures before starting up the PNC 4 system.
It is well to grasp the principles of programing, because whether operating
the machine under manual control or composing a full string of sequences (for
what we usually mean by 'program') the procedures are the same. Manual

- commands (outside a program) are entered and then immediately executed whereas
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a series of commands, strung together so they operate one after the other when
run, is a program.

There is one simple rule, and once this is understood then there should be no
difficulty at all in progressing to even the most complex programs.

A program step or BLOCK consists of one G code or one M code only.

ENTERING A BLOCK

The commands in each Block must be given in a specific order, bearing in mind
that certain commands can be skipped if they relate to information that is not
to be changed.

Each command must be separately keyed in at the Keyboard and then 'accepted!
into the system when the 'ENTER' key is pressed. To indicate the End Of a
Block of information the E.0.B. key must be pressed. The first group of
commands will automatically be denoted by the system as Block 1, the second as
Block 2, and so on. No entry is necessary for this numbering; the system does
it.

The commands for each positioning type Block must deal with the following and
in this stated sequence:-

X Axis position: Y Axis position: X/Y Axis feedrate:
Z Axis position and feedrate: d axis position and
feedrate:

Before proceeding any further it would be well to detail exactly how the
sequence is entered. Commands are keyed in at the keyboard prior to
acceptance into the system and the information entered appears on the display
screen for checking., If an error is made, pressing the RESET Button will
delete the entry and allow it to be keyed in again. Repeated pressing of RESET
will delete previous layers of command that have not been accepted with an
EOB.

E.g. The actual method of entry of a GO1 linear block is:-

At the Function Pad of the Keyboard press the X Button. This says you are
- 'talking to the X Axis', Now at the Data Pad, key in the position in this

Axis that is required. Then press the ENTER Button.

Next press the Y Button and key in the position for the Y Axis, followed by
depression of the ENTER Button (the ENTER Button MUST be pressed after each
statement.

Now press the FEED Button then key in the feedrate required for travel in the
X/Y Axes,then press the ENTER Button.




Press the Z Button and key in the position for the Z Axis, then press the
ENTER Button.

Press the FEED Button and key in the Feedrate required during this Z Axis
movement, then press the ENTER Button.

Finally, press the E 0.B. Button to signify the end of the sequence. —ThePNE
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4 will then move all axes to the defined pqsitions.

Any practical program will of course consist of a number of Blocks. In
composing the program it is simply a matter of entering one Block after
another using this same procedure, each time instructing the machine to go
from one position to another using specified feedrates.

In practice it will not be necessary to change positions in all axes for each
block, nor the feedrates. If the entry sequence requires a command which will
‘'stay exactly as it was in the previous block, simply ignore that entry. For
example, if no change is to be made in the X/Y axes feedrate from the previous
block, then ignore this entry and move straight onto the Z axis input by
pressing the Z button (assuming there is a change in the Z axis position).

is t eviou k when compili
the next Block.

Only the rudiments of programming have been dealt with so far. The user
should not be tempted at this stage to rush to the machine and try operational
programming. It is advisable however, to get the 'feel' of the system by
testing the response to a few simple commands before moving on to programming -
properly.

-PROGRAM COMMANDS
The PNC 4 can be commanded to make the machine respond under operator control.
This can be done in manual mode without needing to compose a program. In
fact, even if there is already a program in the system memory, any commands
used in this way will not affect that program.
The operator can reposition X and Y axes for instance, or try out feedrates
with a selected Spindle Speed in order to make cutting tests on a particular
material before starting to compile a program for machining it.
A typical sequence to move the X and Y axes in this way would be:-

Press the X Button, key in the X axis position required, then press the ENTER
Button.

Press the Y Button, key in the Y axis position required, then press the ENTER
Button.

Press the EOB Button to indicate the End Of the Block.
The X and Y axes will now move to the commanded position.

From the information given in Section 2.2 there should be no difficulty in
implementing various commands in this way for the purpose of familiarisation.



The user is advised to spend some time on this familiarisation exercise until
there is a full appreciation of how to control the various movements on the
machine and how to compile basic command Blocks. Practical programing, which
is dealt with next, will then present no difficulties. Progress should then
quickly be made through to full utilisation of the PNC 4 System capabilities,




2.4 A SIMPLE PRACTICAL PROGRAM

Practical programing can now be considered. At the outset it is strongly
recommended the user obtains a supply of blank Programing Sheets similar to
the one reproduced in Fig. 2 at the end of this Section. This allows a
program to be written out and checked over before committing it to the PNC 4§
memory. This way mistakes can be avoided. One master blank sheet can be

drawn and then duplicated as required. Individual Users may prefer a

different detailed layout to suit their own requirements.

The program in fig.2 is for cutting the 'L' shape shown in the upper position
of Fig. 3A.

Since we shall not instruct the PNC 4 to the contrary, it will automatically
operate in the absolute and metric modes (Section 1.6).

In order to define the 'start' point, the first Block of the program must tell
the X and Y Axes where to go and at what feedrate. Wherever possible only
specify the XY feedrate in the first Block of a program. It is then easy for
manual editing to change it throughout the program if a change is required at
a later date.

The first two commands in the first Block tell the Machine to move 30mm in the
X Axis and, 20mm in the Y Axis. This defines the ?'start! point. It is good
practice to write in the remaining commands for this block, although this
particular shape contains no circular elements so the circular direction, and
centres can be ignored.

Next specify the feedrate, which in this case is 100%. The Z Axis position
must now be considered together with the Z Axis feedrate.

Although the Z Axis is not required to move at this stage, it is good practice
to enter the position and the feedrate of all axes at the start of a program.
It is worth emphasising again that until specific commands to the contrary are
given, Natural Status Conditions will apply. Always write in values for every
function in the first Block on one of these planning sheets - it could avoid
ommisions or mistakes.

The second Block brings the Z Axis down to cutting depth. Since no other axes
need to be changed in this Block, only 5mm needs to be entered for the Z Axis
position.

The Z Axis will remain constant for the next six Blocks.

The third Block specifies the movement for the next position in order to
machine the top of the 'L' and the selected feedrate is 20%. This position
will be X40, which is the original 30mm plus another 10mm,

Blocks four to eight define the remaining movements, and reference to Fig.3A
will enable the sequence to be followed. Finally in the ninth Block the Z
Axis is raised back to its Zero Position by instructing it to move to 20, and
as rapidly as possible i.e. 100%.

This completes the 'mapping out! of the program. It can now be entered into
the system.




Fig 2.
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2.5

ENTERING A SIMPLE PROGRAM

To load a program you must enter EDIT mode by pressing the EDIT Button, and
then select option 5.

The program can then be entered Block by Block. The keys to press and the

.sequence of entry for each Block are given below.
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Press the E.0.B. Button to end a Block (if Blocks are not ended they will be
cancelled by commands in later Blocks and will be lost).

The following notation has been used -

[ED] represents EDIT on the MODE KEYS
[E] represents Enter on the FUNCTION KEYS
[E.0.B.] represents E.0.B. on the FUNCTION KEYS
[F] represents FEED on the MODE KEYS
[R] represents RESET on the FUNCTION KEYS
[C] represents CW/CCW on the FUNCTION KEYS

If a mistake is made while composing a Block press the RESET Button to delete
and make the entry again.

[ED] y 3 (to delete any previous program)
5 (to insert new data)

1. X30[E] Y20[E] F100[E] ZO[E] F20[E] [EOBI
2. Z5[E] [EOB]

3. X40[E] F75[E] [EOB]

4, Y60[E] [EOB]

5. X80[E] [EOB]

6. YB0[E] [EOBI

7. X30[E] [EOBI]

8. Y20[E] [EOBI]

9. ZO[E] F100[E] [EOBI]

[R] [R]

It is not necessary to key in the Block numbers when entering a program. The
system computer does this automatically.

The last command ([R] [R]) is not part of the program. It resets out of
Insert mode and then resets from EDIT. The BLOCK SEARCH 1 command can then be
entered, to run to Block 1.

RUNNING A PROGRAM

Before progressing on to more complex routines, this simple program can be
used to demonstrate further system capabilities.

With the program still in the memory it can be executed (run) in one of two
modes, single step, or, sequentially from beginning to end. It is recommended
that until there is complete confidence, all new programs should be run first
time in the Single Step mode to allow each step to be checked.



Make sure the keyswitch on the front panel is set to SINGLE STEP. Press the
START button once and block 1 of the program will be executed. The Motors
will move to position in the X and Y axes. Press the START button again and
the next block will be executed. This procedure can be repeated to execute
all other blocks. Take care! Any further pressing of the START Button will
start the execution of the program again!

To run the program in the sequential mode, turn the key switch to AUTO

position—and press—the START buttom once., The full program will be executed

through to the end, whereupon a buzzer will sound. Turn the key switch to~

MANUAL and press the RESET Button. The program is now ready to run again.

In single step mode, execution of the current program block can be interrupted
by pressing the <STOP> button. To restart execution from the same program
block, simply press the <START> button.

In auto mode, execution of the current program can be interrupted by pressing
the <STOP> button. On PNC 4 controls before version 4.054, the interrupted
program can only be restarted from the same block by using the block search
facility. If this is not done and the <START> button is pressed, then the
program will restart from block 1.

On PNC 4 controls after version 4.053, the interrupted program can be
restarted from the same block by pressing the <START> button. However, if
after pressing <STOP>, the operator carries out any of the following
functions, then the program will restart from block 1 when the <START> button
is pressed.

1. Use the cassette functions.
2. Use the edit functions,

3. Use the set up functions.

4, Use data link.

5. Use any tool functions.

6. Use any subroutine functions.
7. Execute a block search.

8. Change a machine scale.

g. Change a machine offset.

10. Execute a tool comp block.

After pressing the <STOP)> button, the operator can drive the machine to
another position and switch on contacts or auxiliaries if required. When the
<START> button is pressed the machine will drive to the stopped position in X
and Y, then drive the Z axis to its stopped position. The auxiliaries and
contacts will also be restored to their correct state.

[




2.7

LOOKING AHEAD

When running in single step mode, each time the START button is pressed the
PNC.4 takes one program block out of its memory, calculates the required
movement if necessary and starts the motors moving. It then waits until that
movement is complete. In AUTO the procedure is different. 1In effect the PNC
4 is taking program blocks out of memory, calculating and at the same time
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moving the motors. It does this by looking aheadthrough—the program—memorys

calculating the necessary movements, and putting them into a buffer. As soon
as one movement is complete the next can be started with a minimum of delay
(200 microseconds).

The buffer can hold up to 8 movement blocks. When the buffer is full the PNC
4} waits until one movement block has finished. Then it looks for the next
movement block in the program, performs the calculation and puts that block
into the buffer.

In cases where the time to do the movement is short compared with the time to
perform the calculation, then the buffer will gradually become empty. This
will happen if the program contains lots of short moves and extra calculations
are needed because of scaling or cutter radius compensation.

The program may contain blocks which require some action to take place wnen
the axes are in a certain position (e.g. inputs, pulsed or momentary
auxiliaries and manual tool change blocks). In this case the PNC 4 will stop
looking ahead, wait until the buffer is empty and all axis movement has
stopped before carrying out the required action. As soon as the action is
complete it will start looking ahead.

When the PNC 4 starts the looking ahead process, (either when the START button
is Pfirst pressed or after an action as described above) then it looks ahead
until the buffer is half full before starting the motors moving. This may be
noticeable as a slight pause after the START button is pressed in cases where
there are a lot of calculations to be done on each block.

If the PNC 4 is switched from AUTO into S.STEP or MDI then it will actually
remain in AUTO until all the moves have been emptied out of the buffer.

CONT, c ED MOVEMENT FACILITY

The PNC4 has a facility selectable by SWA 4 on the interface board to make
continuous movements at a constant feed.

The maximum continuous feed possible is dependent upon

i) which option of 8031 processor system fitted

ii) the length of the current and next movement
iii) whether pulsed or momentary auxiliaries are operated at the end of the
current movement

iv) the movement angle between the end of the current move and the start of
the next move

I



) One of two options of 8031 processor system can be fitted i.e.

a) Standard speed

b) High Speed (extra cost option)

a) The standard speed 8031 processor system is capable of 2 axis
continuous XY movement in a 4 axis system of up to 3000 motor steps per
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second.
b) The high speed option increases the speed in a) above by 33%

ii) The maximum feed possible between 2 consecutive blocks is dependent upon
the movement length in both the current and next block. The current block
movement length controls the amount of machine acceleration possible. The
acceleration itself is a function of the acceleration parameters built into
the PNC4, 1In general 'light' machines can accelerate more quickly than
'heavy' machines. The next block movement length affects the maximum feed
possible in that the PNCY4 requires that it must be able to decelerate during
this movement to STOP even though in reality continuous movement is to
continue after the next block. This fact is a requirement of the PNCY4 design
because when 90 degree ARC's are being executed one axis has to decelerate to
STOP and the other accelerate. During program execution the PNCY
recalculates the maximum feed possible between each comsecutive pair of
blocks. If the component program comprises of some short movements the
machine feed will be slowed at these points.

iii) If pulsed or momentary auxiliaries are operated bet