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INTRODUCTION

PMAC, pronounced Pe' -MAC, stands for Programmable Multi-Axis Controller. It isafamily of high-
performance servo motion controllers capable of commanding up to 32 axes of motion simultaneously
with ahigh level of sophistication.

The PMAC2A-PC/104, member of the PMAC family, is a cost-effective 8-axis motion controller. The
PMAC2A-PC/104 can be composed of three boardsin a stack configuration. The base board provides
four channels of either DAC 10V or pulse and direction command outputs. The optional axis expansion
board provides a set of four additional servo channels and 1/0 ports. The optional communications board
provides extra 1/O ports and either the USB or Ethernet interface for faster communications. Only one
communication port can be used at any given time.

The PMAC Quick Setup program is a software tool for setting up and troubleshooting the PMAC2A-
PC/104 board. Each screen is dedicated to testing and setting up a particular feature of the board, thus
making the setup of the PMAC motion controller avery simple process.

The PMAC Quick Setup program runs in most 32-bit Microsoft® Windows operating systems, and can
communicate through any method including serial RS-232, USB, Ethernet, and PC/104 bus.

Configuring PMAC

PMAC is shipped with all the configuration jumpers set for atypical application. These default settings
are explained in the particular sections of this manual where each featureisillustrated.

Follow these steps to install and configure PMAC for atypical application:

Establish power supplies connections.

Establish communications.

Establish amplifier and motor connections.

Establish flags connections (home switches and end-of-travel switches).
Check motor polarity.

Set up motor software parameters.

Jog motors.

Home motors.

. Define a coordinate system. Write and run a simple motion program.
10. Save the configuration.

COoNOO~WNE

Getting More Information

The PMAC Quick Setup program is provided with the PMAC Guide manual which has the complete
description of each PMAC connector and software command used in atypical application. This manual
can be accessed from the main setup screen of the program.

Introduction
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< N\
M achine Connections Example: using analog £10 Voltsamplifiers
5V Power Supply Amplifier Load

Motor - ﬂ
__@@@@ _@@O@ II I‘
Q I:‘
+ 15V Power Supply vt Flags
d Motor #1 | Motor #2 | Motor #3 | Motor #4
Encoder Pin# | Pin# | Pin# | Pin# Symbol
5 6 19 20 HOMEN E
7 8 21 22 PLIMn g
9 10 23 24 MLIMn T
1 1 2 2 Flag v | ™
3 3 4 4 Gnd
Motor #1 | Motor #2 | Motor #3 | Motor #4 Symbol
Pin# | Pin# | Pin# | Pin# Y
1 2 1 2 +5V
3 4 3 4 GND
5 6 17 18 CHAnNn+
7 8 19 20 CHAnN-
9 10 21 22 CHBn+
11 12 23 24 CHBnN-
13 14 25 26 CHCn+
15 | 16 | 27 | 28 CHCn- | £
29 | 30 | 37 | 38 DACn+ %
31 32 39 40 DACn- I
33 | 34 | 41 | 42 | AENAn |~
Note: The5V and £12V externa 35 36 43 44 FAULTn
power supplies are only required 47 FLT_FLG_V
when PMAC isnot instaledin a 48 GND
PC/104 computer bus. 49 +12 to +15V
50 -12 to -15V
48 GND
3 GND
Ay 1 5V
Flags Sensor Connection Flags Switch Connection
5-24 VDC 5-24 VDC
JIJMACH2 Power Supply IMACH2 Power Supply
Flag 1 2 V |+ Flag_1.2 V| + -
! 5 to 24 Volts normally ! ‘ (J_Normally-Closed
7 PLIM1 closed to ground NPN 7 PLIML Switch
sinking type sensor.
Amplifier Fault Connection Softwar e Setup
I-variables setup for using the DAC outputs:
>24 VDO 1900 = 1001
IMACH1 Power Supply 1901 = 2
FLTFLG V]+ [ :382 . 3001
a1 Conn_ept to 19n6 = 0 ; n = channel number from1to 8
35/FAULT- amplifier IX69 = 1024 ;X =motor number from 1to 8
110 = 1710933
\_ J
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4 N\
M achine Connections Example: using pulse and direction drivers
Driver Stepper Load
Motor ﬂ
[eeee] = 1 ‘
H
-y Flags
Encoder Motor #1 | Motor #2 | Motor #3 | Motor #4
(Optional) Pin# | Pin# | Pin# | Pin# Symbol
5 6 19 20 HOMEN E
7 8 21 22 PLIMn g
9 10 23 24 MLIMn T
5V Power Supply 1 1 2 2 Flag_V n
3 3 4 4 Gnd
Pin # Symbol
3 GND
1 5V
Note: The 5V external power Motor #1 | Motor #2 | Motor #3 | Motor #4 Symbol
supply isonly required when Pin# | Pin# | Pin# | Pin# Y
PMAC isnot installed in a PC/104 1 2 1 2 +5V
computer bus. 3 4 3 4 GND
5 6 | 17 | 18 | CHAn+ | £
7 | 8 119 20| CHAn- |3
9 10 21 22 CHBnNn+ =
11 12 23 24 CHBn-
13 14 25 26 CHCn+
15 16 27 28 CHCn-
33 34 41 42 AENAN
35 36 43 44 FAULTnN
47 47 47 47 |FLT_FLG_V
Motor #1 | Motor #2 | Motor #3 | Motor #4 s bol
Pin# | Pin# | Pin# | Pin# ymbo <
13 14 27 28 PUL_n+ 3
15 16 29 30 DIR_n+ <
3 4 3 4 GND
Flags Sensor Connection Flags Switch Connection
5-24 VDC 5-24 VDC
IMACH?2 Power Supply IMACH?2 Power Supply
Flag_ 1 2 V + Flag_.1 2 V |+ -
! 5 to 24 Volts normall ! ‘ Normall)_/-Closed
7 PLIM1 closed to ground NP)l\/l 7 PLIM1 J‘ Switch
sinking type sensor.
Driver Fault Connection Softwar e Setup
I-variables setup for using the stepper outputs:
524 VDC I1X02 = * ; X = motor number from 1 to 8
JMACH1 Power Supply 1X02 = Ix02+2 :x=motor number from 1to 8
19n6 = 2 ; n = channel number from 1to 8
FLT FLG_V]+ |-
47 }COnnect to I-variables setup if no encoder feedback is used:
FAULT- driver
35 19n0 = 8 : n = channel number from1to 8
\_ J
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CONNECTIONS AND INITIAL SETTINGS

Power Supplies Connections

- +12 Volts Power Supply
o 0.30A @ +12 to +15V (4.5W)
vy | 0.25A @ -12 to -15V (3.8W)

+12V power supply only needed
when DAC outputs are used
ha'l 5 Volts Power Supply
=t 3A @ +5 (+5%) (15W)

PMAC24-PC/104 stack with ACC-1P
Axps Expansion Board Only connect the external power supply when
PMAC is installed outside the PC/104 slot.

Communication Ports Connections

N 0

=8

e Connect the host computer to only one communication port, either PC/104 bus, RS-232, USB or

Ethernet.
e Select the port by clicking on the Device button.

Serial Communication Connections

-1 Female DE-0 Ferrmis

= T

1D ] cxpnige wiras 81 & B89

}I:tllﬂ-!h
i oo
uéﬁim
2 [ED)
7
TG
S{CTE]
41DTEY
Mo copmies
5 iG]

Ho pmici

PrAAEA- P 1

EW“-&MM#UMFE

Connections and I nitial Settings
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Installing and Running the Software

Install the program by selecting the appropriate option on the CD-ROM provided or running the
executable program downloaded from the Delta Tau website, and following the instructions on the screen.
After the program is installed successfully, anew folder |abeled QSPC104 will be present on the
Windows® Start menu. The folder contains these items:

e EZ PMAC2A-PC/104 Setup Manual opens the electronic form of this manual.

e PMAC Guide opens the electronic form of the PMAC Guide which the most compl ete resource of
information for configuring and programming the PMAC2A-PC/104 motion controller.

e Setup runsthe PMAC Quick Setup program for configuring and testing all motors for the first time.

e Terminal runsthe PMAC Quick Setup program for programming the PMAC motion controller after
all motors have been properly configured.

Establishing Communications

T El
'I:-n—.ru-.nlu:ru Liplemssn Page. Pmza Tl s huciesra. e Dera shan sl
T Do ] [J— | [er— | AL |
o | Firdsicr | ot | Foam |

= Cpract i heet compuie 1o ondky aes cormrmresshion parl. sthio FOCH 04 us,
FE-232, 155D ar Ritemst
u  Saleci the par by chohirg oo the “Cirmma” busen

Once PMAC is properly powered and the communications cable has been connected between the host
computer and the PMAC, communications can be established. The communications setup screen appears
when the program is run for the first time or when the PMAC cannot be found in the previously defined
channel of communications. Pressthe F1 function key for instructions.

The I nstructions button provides a direct link to the PCOMM 32 manual and it explains how to enable
PMAC communications under different operating systems.

The program can run even if PMAC is not linked to the computer. By pressing the Offline button, the
program isrun in simulated dry mode.

6 Connectionsand I nitial Settings
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If Communications Cannot be Established

F-lll—hn-\.-lllhh el inition Pags. Piedd F1 lin isslislasi. Piee Dans shen stals

pow | pee | pibicen | rsgm |
gwe | [ Eeirdam fot | rogn |

Beet |

Hiriwas Brsi

13 Faweyap PO orilh peper 3 mialied
2 Fourthe "Bl ™ batoean (b page srhan ey
3 Frmsw preei-ta PRIAC o sove fesper E3

A P g FRUAC and oy cmreE e Spen

Press the Re-I nitialize button on the Communications Setup screen.

Power-up PMAC with jumper E3 on the baseboard installed.

Make sure the green LED in PMAC islit; thiswill confirm that PMAC is properly powered with 5V.
Press the Reset button in the middle of the screen. This will reset the memory to factory defaults.
Turn off PMAC and remove the E3 jumper.

Power-up PMAC and try communications again.

oA~ wWNE

Main Setup Screen

THALCTA-FC 0 Dwick S ug Frograss

Once communi cations has been established, the main Setup screen displays. At any time during the
execution of this program, press the F1 function key to get instructions for each particular page.

Connectionsand I nitial Settings
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The steps to configure PMAC are listed sequentially from top to bottom, but they can be called in any
order.

A simple terminal is provided to allow a direct communication with PMAC. However, during the initial
setup process thisis seldom necessary. If any |-Variable is changed on the terminal window, or if any
reset command isissued, all motor status will change to red and the setup process must be repeated for
each required motor.

The colored motors status strip helps determine the configuration of each motor. A red-colored square
indicates that the polarity test has not yet been run for the particular motor. A yellow colored square
indicates that the motor passed the polarity test, but its servo parameters haved not yet been tuned. A
green colored square indicates that the motor has already been tuned and that it is ready to be operated in
closed-loop mode. Clicking on the particular motor box will open the appropriate screen to complete the
motor setup. For example, if the motor statusisindicated with ared box, then the motor polarity test
screen will open. If the motor status is indicated with ayellow box instead, then the motor tuning screen
will open.

Built-in Catalog of Functions
FMAC Cotog ol Famctions

F':l:lu Al PRAAC P Sas, Prect Teb far lecrmar faes. Frecs i wles Talck
& Laom [l = ™ Mar 1 Onls Commarely ™ flefler Corarands Lo |

i =1 gonch |

ERRO03 =

Frobdes
Coarim eroq or unEec opnioed Comem.d
-

Foluhion

[rheedd comect sy of command)

- |

This function, accessible from the F1 Help command, allows searching for the description of any PMAC
setup variable or command. The Sear ch button will list all the entries based on a particular entered search
key. Thiswindow can be kept open at all times for easy reference to each command in every part of the
setup process.

The PMAC Guide Manual

This Acrobat® PDF file is the most complete reference for setting up PMAC for atypical application.
Thisfile aso can be kept open for easy reference during the setup process.

Resetting PMAC for First Time Use

The first button on the setup screen islabeled Reset and allows PMAC to be reset for first time use. This
is recommended if setting up this particular PMAC for the first time and there are no contentsin its
memory that needs to be kept. After performing this procedure, all programs inside memory will be
erased and al variables will be configured to the default values.

8 Connectionsand I nitial Settings
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Power Supplies

Power Supplies

GHD +12 Voliz Power Supply
1AV 0.30&A @ 412 to +15W (4. 5
+13V| o zEn @ -12 to —15W (3. &)
+12V power supply only needed
when DAC ouipads ate used
+5 W
[ GHD| £ Yol Power Supply
34 @ +5W (£5%) (15T
PMAC2A-PCI stack wath Omnly conme ot the exie mal power supply when
ACC-1P Axes Expansion Board PMAC iz insialled owtside the PC104 hus

Meut |

This page functions as a reminder that the +15V should be connected before starting the setup process.
Since PMAC requires a5V power supply for operation and communications, the 5V power supply is
assumed to be satisfactory at this paint.

Analog Amplifier Command Signals
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On this page, the output type for a particular motor is selected to be either analog +10V or pulse-and-
direction stepper outputs. The following is the description for the analog £10V DAC test.

PMAC can command the amplifier and motor through the DAC (digital to analog converter) outputs.
These £10V signals trandate, depending on the amplifier, in current/torque or velocity causing the motor
to move. A typical amplifier has the following characteristics for the related PMAC control signals:
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e 10V input command differential signals
e Sinking enable input: the amplifier enables when the enable input is tied to ground.

Since the DAC outputs are powered from PMAC, there is no need to turn-on the amplifier during this
process. It is recommended that the amplifier and the machine are turned-off during this process.

1. Select the motor to test its motor control signals.

2. Slidethe DAC vaue bar or input a DAC value from the keyboard.

3. Useavoltmeter to measure the selected DA C value on the indicated pins PMAC or breakout board.

4. Measure a change on the amplifier enable signal asit is enabled/disabled with the corresponding
button. Since the output is sinking type, a5V value indicates that the output is activated. Make sure
that the amplifier enable signal is operating properly. Thisis how PMAC will disable the amplifier in
case of failure or in an emergency.

5. The maximum DAC output could be clipped to any desired value with the dedicated slide bar or data
input field. The DAC output limitation is based on the amplifier/motor limitations, if any, of torque
and/or velocity.

If no DAC voltage is measured:

1. Make surethat the motor in which the DAC and enable signals are being measured is selected.

2. Disconnect anything connected to the PMAC DAC output lines and measure the voltage again at
open circuit.

3. Pressthe Reset button and try again.

4. Make sure PMAC hasthe £15V power supply properly connected and try again.

Stepper Driver Command Signals
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On this page, select the output type for a particular motor to be either analog +10V or pulse-and-direction
stepper outputs. The following is the description for the pulse and direction outputs test.

PMAC can command the amplifier and motor through the pulse-and-direction stepper outputs. These
signalsare TTL levels, and can be programmed to output a particular range of outputs. The settings of the
pulse-and-direction signals are accessible by pressing the Configuration button.

e 10V input command differential signals
e  Sinking enable input: the amplifier enables when the enable input istied to ground.
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Since the pulse-and-direction stepper outputs are provided from PMAC, there is no need to turn on the
stepper driver during this process. It is recommended that the stepper driver and the machine be turned off
during this process.

1. Select the motor to test its motor control signals.

2. Slide the output value bar or input an output value from the keyboard.

3. Use an oscilloscope to observe the square signal generated from the pulse output. Monitor achange in
the direction signal as the output value is switched between positive and negative values.

4. Measure a change on the amplifier enable signal asit is enabled/disabled with the corresponding
button. Make sure that the amplifier enable signal is operating properly. Thisis how PMAC will
disable the amplifier in case of failure or in an emergency.

5. The maximum output can be clipped to any desired value with the dedicated slide bar or data input
field.

If no pulse signal is output:

1. Make sure that the motor in which the stepper and enable signals are being measured is sel ected.

2. Disconnect anything connected to the PMAC stepper output lines and analyze the signal at open
circuit.

3. Pressthe Reset button and try again.

Encoder Feedback
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For a proper motion control process, PMAC needs to know motor position at al times. The encoder
feedback provides this information. The encoder used for atypical application has the following
characteristics:

e 5V, TTL level differentia signals

e Typically 4096 counts of resolution

o Electrically isolated from any other circuit of the amplifier, motor or the machine

In case the motor is configured with pulse-and-direction outputs, the use of an external encoder is
optional. In this case, select I nternal as the feedback source type.

Since the encoder gets powered from PMAC thereis no need to turn on the amplifier during this process.
It is recommended that the amplifier and the machine be turned off during this process.

1. Select the motor where the encoder being tested is connected.

2. Rotate the encoder in the direction assumed to be positive.
3. Click the CCW or CW radio buttons if the encoder counter is found to decrease instead of increase.

Connectionsand I nitial Settings 11
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4. The Encoder Capture indicator should change at every turn of the encoder shaft by the number of
encoder counts per revolution. This indicates that the encoder C channel is operating properly.
5. Click Doneif the encoder countsin the proper direction.

If the encoder does not count:

1. Make sure the motor to which the encoder is connected is sel ected.
2. Pressthe Reset button and try again.
3. Usean oscilloscope to monitor the encoder signals and the 5V connection to the encoder.

Safety Flags: End-of-Travel Limits, Home and Amplifier Fault Inputs
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This page sets up and monitors the PMAC safety flag inputs function.

When assigned for dedicated uses, the overtravel limit flags provide important safety and accuracy
functions. PLIMn and MLIMn are direction-sensitive over-travel limits that must conduct current (either
sinking or sourcing) to permit motion in that direction. The home input flag is used in conjunction with
home search type moves to establish a machine point of reference when an incremental type of feedback
isused. The user input flag is used mostly in conjunction with the position capture feature, which allows
recording the feedback information when the input is activated.

The switch or sensor connected on the home input provides a physical reference for every programmed
move. The home procedure and setup is explained later in this manual. The home sensor or switch, in
contrast with the end-of-travel switches, can be either normally open or normally closed. However, it is
recommended to use the same type of switches for the end-of-travel inputs as well as the home input.
Usually, a passive normally closed switch is used. If a proximity switch is needed instead, use a normally
closed to ground sinking NPN type sensor.

Note:

If not planning to use the position limits, disable them with the dedicated button on
the screen.

Any time the selected motor being set up faults, either because of excessive following error or because the
amplifier fault signal indicates it, there is a choice to disable only this motor, al PMAC motors or only
those motors that are part of the same coordinate system. These options are selectable on the screen. The
definition of coordinate systems and maximum following error are explained later in this manual.
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Polarity Test
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On this page, the motor polarity is checked. Correct polarity will show increasing encoder counts when
PMAC outputs a positive command signal. This procedure requires the amplifier and motor being
powered so, if possible, mechanically disengage the motor from the load.

On this screen, the motor is controlled in open loop mode. The value in the Open Loop Command field is
a percentage of the maximum allowed DAC output, 1x69 which was set up in the DACs or stepper output
setup screen. In case of analog amplifiers, the voltage can be monitored in the Output V oltage indicator.
In some cases, the amplifier will deliver asmall current or velocity to the motor even when the command
signal from PMAC is zero. Thisis known as drifting conditions. The motor would drift away even when
it is not commanded to move. PMAC can output a bias component at al times to compensate for these
drifting conditionsiif they exist.

To perform the polarity check procedure:
1. Select the motor to check the signals polarity.

2. Test the amplifier enable signal, making sure the amplifier enables and disables when so commanded
with the dedicated button on the screen. It isimportant to confirm that the motor can be disabled
when necessary.

3. A continuous increase or decrease in the encoder counter when the amplifier is enabled with a zero
command value and zero bias value will indicate a drifting condition. Set the bias value manually by
changing the slide bar or input value. Alternatively, aslong as the motor isfree to movein an
uncontrolled fashion, click on the Auto Set Bias button for an automatic procedure. During this
process, the motor might perform a sudden and uncontrolled move.

4. To check the motor polarity, set a positive command output value and monitor an increase in the
encoder counter. Then, set a negative command output value and monitor a decrease in the encoder
counter. Alternatively, aslong as the motor is free to move in an uncontrolled fashion, click on the
Check Polarity button for an automatic procedure. During this process, the motor might perform a
sudden and uncontrolled move.

Connectionsand I nitial Settings 13
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5. The open loop command can be output up until alimited time set on the screen. To disable this
feature, set the Timer value to zero. The maximum value for thistimer is 3600 seconds (one hour).

At any time, press the Esc key to disable or kill all motors. However, it is recommended that there is easy
access to an electrical switch that will shut down the amplifier and motor in case of failure or in an
emergency.
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TUNING THE MOTORS

The Tuning Procedure
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The tuning process is the definition of the PID loop parameters and the confirmation that PMAC can
move the motorsin closed loop with limited following error. The basic tuning procedure provided by the
PMAC Quick Setup program might be limited in some cases to achieve an optimum tuning performance,
but would allow, nevertheless, moving the motorsin closed loop. For a more accurate tuning procedure,
use a more sophisticated program like PEWIN or P2SETUP, both provided separately.

Warning:

It isimportant to run this procedure with the motor polarity already checked. If the
motor polarity is reversed, a dangerous runaway condition could occur.

Select the motor to be tuned.

To get the motors to move in closed loop, only an increase in the proportional gain parameter from its

default valueis needed. Asarule of thumb, slowly increase the proportional gain variable until a

buzzing noise in the motor is heard, and then back down 20% from that value.

3. Perform a parabolic move to let the program know that the motor is successfully tuned. The parabolic
move is explained below.

4. If thereisasimilar kind of amplifier and motors connected to the other PMAC motors, copy the

tuning parameters with the Clone button. However, a parabolic move must be performed for each

cloned motor.

N

5. When exiting this page, the motor selected will be disabled if the parabolic move was not performed
or if it was performed unsuccessfully. The program assumes that a not properly tuned motor will not
be used in this application.

The Parabolic Move

The parabolic move is a simple way to monitor how much following error the motor of interest has during
aclosed loop move. In some cases, the shape of the parabolic response can indicate how to improve the
tuning parameters. The slides on the right-hand side of the page are present for this purpose.

Tuning the Motors 15
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Select the motor that will perform the parabolic move.

Select the move distance in encoder counts based on the available travel distance and the encoder
resolution.

Select the move time in milliseconds. This parameter determines how fast the move will be executed,
resulting in alower or higher velocity. Make sure the distance and time results in akind of move
close to those used in the actual application. A well-tuned motor at lower velocities might not perform
well for faster or longer moves.

Click on the Check Tuning button to start the motion. The result will be plotted when the moveis
completed.

Monitor the maximum velocity and following error indicated in the plot. This provides an indication
of how the motor performs at a given velocity.

Press the Previous and Next buttons for indications on improving the tuning parameters based on the
parabolic response plot. For the PMAC Quick Setup program, the motor is considered properly tuned
once the parabolic response is plotted

At any time, press the Esc key to disable or kill all motors. However, it isrecommended that thereis
easy access to an electrical switch that will shut down the amplifier and motor in case of failureor in
an emergency.

16
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MOTOR JOG COMMANDS
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From this page any activated motor can be moved in closed loop by means of Jog commands. Before
jogging each motor, it isimportant to properly define all the move parameters. These parameters are
explained in the following sections.

Motor Safety I-Variables

Warning:

Setting Ix11 to zero (disabled) could lead to a dangerous motor runaway condition.
For example, if the encoder feedback information islost but Ix11 is enabled,
PMAC will shut down the motor when the following error exceeds Ix11 and so
will prevent the motor from running away in an uncontrollable fashion.

Ix11 - Motor x Fatal Following Error Limit

This variable specifies the maximum number of counts of allowed following error before the motor is
shutdown. This variableis scaled in 1/16 counts; this means, for example, that a value of 1600 in 1111
would result in amaximum allowed following error for motor #1 of 100 encoder counts.

Ix12 - Motor x Warning Following Error Limit

This variable specifies the maximum number of counts of allowed following error before awarning is
issued in the status word for that motor. This variable is scaled in 1/16 counts; this means, for example,
that a value of 800 in 1112 would result in awarning following error for motor #1 of 50 encoder counts.

Ix13 - Motor x + Software Position Limit

Thisvariable, scaled in encoder counts, determines the maximum allowed range of motion in the positive
direction. Enabling this function is useful when no actual end-of-travel limit switches are used for this
motor.

Ix14 - Motor x - Software Position Limit

Thisvariable, scaled in encoder counts, determines the maximum allowed range of motion in the negative
direction. Enabling this function is useful when no actual end-of-travel limit switches are used for this
motor.

Motor Jog Commands 17
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IXx15 - Motor x Abort/Lim Deceleration Rate

Thisvariable, scaled in encoder counts per millisecond square, sets the decel eration rate used when a
programmed motion is aborted either by the A Abort command or when a maximum position limit is
reached.

IXx16 - Motor x Maximum Velocity

Thisvariable, scaled in encoder counts per second, specifies the maximum allowed velocity for a motor
performing a linear move commanded from a motion program. This maximum valueis not observed if
variable 113 is greater than zero.

Ix17 - Motor x Maximum Acceleration

Thisvariable, scaled in encoder counts per millisecond square, sets up the maximum allowed accel eration
rate for amotor performing alinear move issued from a motion program. This maximum value is not
observed if variable |13 is greater than zero.

Warning:

Safety parameters Ix16 and 1x17 are not observed if 113 is greater than zero. 113
set to greater than zero is necessary, for example, when amotion programis
performing a circular interpolation move.

IXx19 - Motor x Maximum Jog/Home Acceleration
Thisvariable, scaled in encoder counts per millisecond square, sets the maximum allowed acceleration
rate for amotor in performing jog or homing move.
S-Curve and Linear Acceleration Variables
Velocity vs Time
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The acceleration portion of ajog-programmed move is controlled by two time parameters in units of
milliseconds. In the case of jog or homing commands, these two parameters are |-Variables 1x20 and
Ix21. 1x20 determines the overall acceleration time which is the total time required for any change in
velocity. 1x21 determines the portion of the overall acceleration ramp that is performed in S-curve mode.

In all cases, if two times the S-curve acceleration parameter is greater than the linear acceleration
parameter, then the overall acceleration time will be two times the S-curve accel eration time:

IT (2 x Ix21) > Ix20 then Ix20 = (2 x Ix21)

18 Motor Jog Commands
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Rate vs Time: Programming the Maximum Acceleration Parameters

The safety |-Variables Ix17 and 1x19 determine the maximum allowed acceleration for the motor x.
These variables are programmed in the rate of encoder counts per millisecond square. However, the
acceleration of ajog-programmed move is set in milliseconds as described above. The following
relationship holds for the conversion between those parameters:

MaximumVel ocity

Acceleration Rate=
Linear AccelerationTime-' S Curve Acceleration Time
Example:
1x22
IX199= ——
Ix20 - Ix21

Benefits of Using S-Curve Acceleration Profiles

In an electric motor, the acceleration directly translates into torque and electrical current. When no S
curve component is programmed, the acceleration, torque and current are al applied immediately to the
motor as soon as it starts moving.

On the other hand, with a programmed S-curve profile, the acceleration is linearly introduced resulting in
asmoother transition in torque and current. However, the accel eration rate in a pure S-curve acceleration
profile is two times than necessary for apure linear acceleration profile (see equation above). This can
result in alonger acceleration time when using a S-curve acceleration profile maintaining the same

maximum acceleration rate.
SeCurve compenel N S=gurve cormeanenl

Vilority v Time ] [

Acceleration v Time
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Motor Jog Movement I-Variables

Ix20 Motor x Jog/Home Acceleration Time
Thisvariable, scaled in milliseconds, determines how long the accel eration portion of the jog moves will
take, regardless of whether S-curve components are programmed also (see previous diagram).

Ix21 Motor x Jog/Home S-Curve Time

This variable, scaled in milliseconds, determines the portion of the acceleration ramp that will be
performed in S-curve mode. If 1x20 is set to zero, then the acceleration ramp will take 2*1x21 and will be
executed in pure S-curve mode.

Ix22 Motor x Jog Speed
This variable sets the jog velocity in units of encoder counts per millisecond. If the motor x is moving
aready, a new jog command must be issued for the new 1x22 parameter to have effect.

Motor Jog Commands 19
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Motor Jog Commands

HomeZ Jog Heg | Stop Jog Pos |

Jog Aba I a Jog |ne; I 8

HomeZ
This button resets the encoder counter, establishing a new zero reference for absolute jog move
commands.

Jog Neg
This button jogs the selected motor continuously in the negative direction.

Stop
This button stops any jog command issued previously for the selected motor.

Jog Pos
This button jogs the selected motor continuously in the positive direction.

Jog Abs

This button jogs the selected motor in absolute mode to the position entered on the input field at the right
of the button. PressHomeZ at any time to re-define the zero position reference for absolute jog
commands.

Jog Inc
This button jogs the selected motor in incremental mode to the position entered on the input field at the
right of the button. Pressing this button repeatedly allows moving the motor at fixed distance intervals.

20 Motor Jog Commands
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HOME PROCEDURE
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Home commands allow establishing a physical point of reference for all programmed moves. If no home
procedure is performed for a particular motor, the zero physical point of reference of that motor will be
located at the point whereit is found on power-up or reset.

When a home command is given, either from a motion program or an online command, the motor x will
move towards the location of the home switch with the direction and velocity determined by the I1x23
parameter. When the trigger condition is found, which can be programmed to be the open or closed
condition of the home switch, PMAC will reset the motor position registers and will reference any
subsequent programmed move in absolute mode to that physical location.

Motor Home Movement I-Variables

Ix19 - Motor x Maximum Jog/Home Acceleration

Thisvariable, scaled in encoder counts per millisecond square, sets the maximum allowed acceleration
rate for amotor performing a homing move. In addition, it determines the maximum acceleration rate for
jog commands. See the Motor Jog Commands section of this manual for more details.

Ix20 Motor x Jog/Home Acceleration Time

This variable, scaled in milliseconds, determines how long the accel eration portion of the home search
move will take, regardless of whether S-curve components are programmed also. In addition, this
parameter determines the acceleration time for jog commands. See the Motor Jog Commands section of
this manual for more details.

Ix21 Motor x Jog/Home S-Curve Time

Thisvariable, scaled in milliseconds, determines the portion of the accel eration ramp that will be
performed in S-curve mode. If Ix20 is set to zero, then the acceleration ramp will take 2*Ix21 and will be
executed in pure S-curve mode. This parameter also determines the S-curve acceleration time for jog
commands. See the Motor Jog Commands section of this manual for more details.

Home Procedure 21
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IXx23 Motor x Home Speed and Direction

This variable sets the motor home search speed and direction in units of encoder counts per millisecond.
Usually, the magnitude of this parameter is set the same as the jog velocity parameter 1x22. See the Motor
Jog Commands section of this manual for more details.

Ix26 Motor x Home Offset

Thisisthe relative position of the end of the homing cycle to the position at which the home trigger was
made. That is, the motor will command a stop at this distance from where it found the home flag(s) and
call this commanded location as motor position zero. The units of this parameter are 1/16 of a count, so
the value should be 16 times the number of counts between the trigger position and the home zero
position.

Homing Search Move Trajectory

A Trigger Home Complete=1
Occurs Home Search in Progress=0
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Motor Home Commands

When the Home button located on this page is pressed, the selected motor will start moving according to
the I-Variables defined. The jog buttons are available to eventually move the motor away from the home
switch if necessary. The motor will move until the selected trigger condition is found. The trigger
condition can be selected from the Home Capturing Control selector on this page. The home flag to use
for the trigger condition is also selectable from this page. Usually, the trigger condition is the open or
closed of the home input flag combined with the state of the encoder C channel.

Example:
Homing Capturing Control: Rising edge of [CHCn AND Flag n]
Homing Flag Select: Home Flag

This configuration will result in the trigger condition found when the home input flag is open and when
the encoder C channel state changes from low to high. In this case, the sensor or switch used for the home
flag should be normally closed to analog ground.
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MOTION PROGRAMS
Coordinate Systems Definitions
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Before running a motion program, a coordinate system must be defined. A coordinate system consists of
one or several motors that will be controlled in a coordinate fashion from a motion program.

Each motor islinked to an axis letter with an optional scale factor. The scale factor allows, for example,
programming each move in the motion program in units of inches, millimeters or smply revolutions of
the motor. The scale factor can depend, for example, on the encoder resolution, the ratio of an optional
gearbox and the pitch of the ball screw translating rotational motion into linear motion. For simplicity, set
the scale factor to 1 and program the first motion program in units of encoder counts.

Select a coordinate system number. Usually Coordinate System 1 is used.

Select amotor number from the menu on the screen.

Enter the appropriate scale factor or 1 for programming the first motion program in encoder counts.
Select an axis letter from the menu.

Click on the Add Motor button.

Repeat the steps for al other motors.

S-Curve and Linear Acceleration Variables

The acceleration portion of a motion program move in either linear or circular interpolation is controlled
by two timing parameters in units of millisecond. These two parameters are the motion commands TA
and TS, or the corresponding |-variables 1x87 and 1x88 in case TA or TSis not included in the motion
program. TA or Ix87 determines the overall acceleration time which isthe total time required for any
change in velocity. TS or 1x88 determines the portion of the overall acceleration ramp that is performed in
S-curve mode.

ok wdpE
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Inall cases, if two times the S-curve acceleration parameter is greater than the linear acceleration
parameter, then the overall acceleration time will be two times the S-curve acceleration time:

If (2 xTS) > TAthen TA= (2 x TS)

Benefits of Using S-Curve Acceleration Profiles

In an electric motor, the acceleration directly trandates into torque and electrical current. When no S-
curve component is programmed, the acceleration, torque and current are all immediately applied to the
motor as soon as it starts moving.

On the other hand, with a programmed S-curve profile, the acceleration is linearly introduced, resulting in
a smoother transition in torque and current. However, the acceleration rate in a pure S-curve acceleration
profile istwo times than that necessary for a pure linear acceleration profile (see equation above). This
can result in alonger accel eration time when using a S-curve acceleration profile maintaining the same
maximum accel eration rate.

S-Curve Component NG S-curve componen
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Motion Program Velocity

One way to program the feedrate or velocity of alinear or circular interpolated move is by using the F
motion program parameter. The units of this parameter are units of distance per I1x90 milliseconds. The
units of distance are determined by the scale factor set in the coordinate systems definition. The default
value of the Ix90 variable is 1000 which means that the feedrate will be programmed in units of distance
per second.
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Example: Motor 1 has been defined to be axis X with a scale factor of 1
X1000 F500 ; Move axis “X” (motor 1) 1000 encoder counts with a

; velocity of 500 encoder counts per second
If Fisnot included specifically in the program, the default value set in 1x89 will be used as the federate
value. If the F parameter exceeds the value of the 1x98 variable and 1x98 is greater than zero, the value of
Ix98 will be used as feedrate instead.

Blending Disable/Enable

If the Ix92 coordinate system variable is set to zero, a sequence of linearly interpolated moves will be
blended together without a stop between moves. If 1x92 is set to one, there will be a stop to zero velocity
of all interpolated axes between moves. 1x92 isread only when the motion program starts. This
parameter must be set before running a motion program.

Motion Programs
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From this centralized screen, a motion program can be written, edited, run and debugged. The coordinate
system definitions and the status portion of the screen are used for indication and diagnostics only.

1. Select the coordinate system to run the motion programs.

2. Make sure amotor or group of motors are part of the coordinate system axeslist. If no motors are
present, press C.S. to redefine or check the coordinate systems definitions.

3. PressUpdate List to refresh the list of motion programs loaded in memory.

4. Select amotion program from the programs list or enter the number in the data input box. If no

motion program exists in memory, enter a motion program number from 1 to 32767 in the data input

box.

Press Edit to view the contents of the selected motion program or to create a new motion program.

When the edit window is open, enter the following text:

OPEN PROG 1 CLEAR ; Opens “PROG1” buffer for editing
LINEAR ; Linear mode motion

oo

INC ; Incremental mode

TA100 ; Acceleration time is 100 msec

TSO ; No S-curve component

F40 ; Feedrate is 40 length_units / second
X3 ; Move axis X 3 length_units of distance
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X-3 ; Move axis X 3 length_units of distance in the
; opposite direction
CLOSE

Press Alt+X to exit the editor window:

To run this maotion program, either press Run or Step. If Run is pressed, the program will run from
start to finish without stopping. Otherwise, every time Step is pressed one line of the motion program
will execute and the program will stop. The Quit button will rewind the motion program when it is
run in step mode, or will execute the last programmed command and stop if it was run with the RUN
command.

To stop any motion in this coordinate system, press the Abort button.

To change program operation speed, adjust the feedrate override value either with the slide bar or
with the input value field. Allowed values 0 to 225 % of the programmed feedrate. In some cases, this
is useful for debugging the motion program by running it in slow motion.

26
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PLC PROGRAMS
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PMAC is not only an excellent motion controller, but it can perform PLC operations. The 32 different
PL C programs are similar to motion programs, but they run independently of motion programs and of
other PLCs.

Note:

PLCOisaspecial PLC that should be dedicated for operations that require fast
execution. A large, time consuming PL CO could in some cases, interfere with
normal communications with the host computer.

This screen will display alist of PLCs that are present in memory, together with the indication of whether
the PLC isrunning, enabled or disabled.

1. Enter aPLC number to be created or edited in the PLC Number Data Input field. Vaid numbers are 0
to 31, although PLCO is reserved for special uses.

2. PressEdit to view the contents of the selected PLC program or to create anew PLC program.
3. When the edit window is open, enter the following text:

OPEN PLC1 CLEAR

IF (M8=1) ; 1T input 1 is ON.

MO=1 ; output 1 is set to ON

M1=0 output 2 is set to OFF

ELSE else, 1T input 1 is OFF..
MO=1 output 1 is set to OFF
M1=0 ; output 2 is set to ON
ENDIF

CLOSE

Press Alt+X to exit the editor window:

4. Set the PLC radio button to ON and the PLC radio button to Enable. Then, make sure that PLC1 has
running indicated next to it.
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General-Purpose I/O and Analog Inputs Page
This page shows the status of the JOPTO port on the ACC-1P board and the voltage that isinput in the
optional analog to digital converter inputs.
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Clicking on the I/O Port button on the PLC Programs page will show PMAC’s general-purpose digital
I/0 connector page. This page checks the PLC program example written above.

1. Set the PLCsand Simulated Inputs radio buttons to ON.

2. Click on the input switch for input M11, pin 15. Observe a change on outputs MO1 and MO2 as the
state of the input MI11 is changed.

Note:

Make sure that no actual device is connected to any output line on the JOPTO port
when testing this sample PLC. The logic shown in this exampleisfor illustration
purposes only; it might not be appropriate for the actual machine configuration.

Software Setup

General-Purpose Digital Inputs and Outputs

If one ACC-1Pis present on the PMAC2A-PC/104 stack configuration, then its jumpers E5 and E6
should be set at the default position 1-2. In this case, the lines on its J7 general-purpose |/O connector
will be mapped into PMAC’ s address space in register Y:$C080. Jumpers E5 and E6 should be
configured on position 2-3 only when two ACC-1Ps are used. In this case, the I/O lines can be accessed
at address Y :$C0OCO.

If no ACC-1P is present on the PMAC2A-PC/104 stack configuration and only ACC-2P is used, then
jumper E5 on the ACC-2P board should connect pins 1 and 2. In this case, the lines on its JOPT general-
purpose 1/0 connector will be mapped into PMAC'’ s address space in register Y :$C080.

If both ACC-1P and ACC-2P are used, then jumper E5 on the ACC-2P board should connect pins 2 and 3
and its 1/0 lines can be accessed at address Y :$COCO.

Typically, these I/O lines are accessed individually with M-Variables. Following is a suggested set of M-
Variable definitions to use these data lines in an ACC-1P with jumper E6 on position 1-2:
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MO->Y:-$C080,0 ; Digital Output MOO

M1->Y:$C080,1 ; Digital Output MO1

M2->Y:$C080,2 ; Digital Output MO2

M3->Y:$C080,3 ; Digital Output MO3

M4->Y:$C080,4 ; Digital Output MO4

M5->Y:$C080,5 ; Digital Output MO5

M6->Y -$C080,6 ; Digital Output MO6

M7->Y:$C080,7 ; Digital Output MO7

M8->Y:$C080,8 ; Digital Input MIO

M9->Y :$C080,9 ; Digital Input MI1

M10->Y:$C080,10 ; Digital Input MI2

M11->Y:$C080,11 ; Digital Input MI3

M12->Y:$C080,12 ; Digital Input MI4

M13->Y:$C080,13 ; Digital Input MI5

M14->Y:$C080,14 ; Digital Input MI6

M15->Y:$C080, 15 ; Digital Input MI17

M32->X:$C080,0,8 ; Direction Control (1=output, O = input)
M34->X:$C080,8,8 ; Direction Control (1=output, O = input)
M40->X:$C084,0,24 ; Inversion control (0 = 0V, 1 = 5V)
M42->Y:$C084,0,24 ; J7 port data type control (1 = 1/0)

In order to properly setup the digital outputs, an initialization PLC must be written scanning through once
on power-up/reset, then disabling itself:

OPEN PLC31 CLEAR

M32=$FF ;Bits 0-8 are assigned as output
M34=%$0 ;Bits 9-16 are assigned as input
M40=$FFO0 ;Define inputs and outputs voltages
M42=$FFFF ;ALl lines are 1/0 type
DIS PLC1 ;Disable PLC1 (scanning through once on power-
;up/reset)
CLOSE
Note:

After loading this program, set 15=2 or 3 and enable PLC 1.

Analog Inputs

The optional analog-to-digital converter inputs are ordered either through Option-12 on the base board or
Option-2 on the axis expansion board. Each option provides two 12-bit analog inputs with a+10vVDC
range. The M-Variables associated with these inputs provide values between +2048 and —2048 for the
respective £10VDC input range. The following is the software procedure to setup and read these ports.

Base Board Analog Inputs Setup

1903 = 1746 ; Set ADC clock frequency at 4.9152 MHz
WX:$C014, $1FFFFF ; Clock strobe set for bipolar inputs
M105->X:$0710,12,12,S ; ADCIN_1 on JMACH1 connector pin 45
M205->X:$0711,12,12,S ; ADCIN_2 on JMACH1 connector pin 46
ACC-1P Analog Inputs Setup

1907 = 1746 ; Set ADC clock frequency at 4.9152 MHz
WX:$C034, $1FFFFF ; Clock strobe set for bipolar inputs
M505->X:$0714,12,12,S ; ADCIN_1 on JMACH1 connector pin 45
M605->X:$0715,12,12,S ; ADCIN_2 on JMACH1 connector pin 46
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BACKUP AND RESET PROCEDURES

Backup Procedures

Lave | Hestoe | Open |

B Gave | aninbles vales

B Save Py giiabier valos

FF Sas 05 misbles vabey

R Save WY ailable: defirdions

FF Saeve Comdinate Sysiems D slnitions
P Saes PLE poogiaing:

 Save Motion progiams

Check 48 urmemﬂl o |

Once PMAC is properly configured, save the software parameters in a backup file. On this page, select
the parameters to save and the name of thefile.

To save the parameters on disk, press the Save button. To restore the parameters from a disk or read them
from a previously saved backup file, press the Restor e button.

Note:

With serial communications at 9600 baud rate, this procedure takes about one or
two minutes. Once the procedure starts, it cannot be interrupted.

o Usethe Check All and Uncheck All buttons on this page, to select or de-select al items.
e Usethe Open button to check, edit or modify, if necessary any previously saved configuration file.

Reset Procedures
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Fiazet PMAC parametars fo last saved backup file

Flasnt
Reset PMAC paramaters 1o last memory saved ($$5) Pt
Reset FMAC parameters to factony defaults (38§ Ripant
Save parameters in PMAC memorny (SAV) Save
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Reset PMAC to Last Saved Backup File Parameters

Every time a backup file is created in the backup utilities page, a copy is saved under the BACKUP.CFG
file name. With this command, PMAC can be reset at any time to the last saved configuration file, reading
it from the BACKUP.CFG file.

Reset PMAC to Last Memory Saved Parameters

After a SAVE online command has been issued (see below), PMAC maintains its memory contents either
with a battery or with aflash type memory. The type of backup memory depends on the particular type of
on-board PMAC memory that was ordered. With this type of reset, which isthe $$$ online command,
all the variables will be returned to the last saved values.

Reset PMAC to Factory Defaults

With this type of reset ($$$*** online command), all PMAC variables can be reverted to the factory
default values. Thisisimportant when PMAC is configured for the first time. After performing this
procedure, all programs inside the memory will be erased and all variables will be configured to the
default values.

Save Parameters in PMAC Memory

With the SAVE online command, the valuesin PMAC memory will be saved and kept under areset or
power-up cycle. It isimportant to save the PMAC memory contents every time a change has been made
to any of its variables or programs.
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THE TERMINAL WINDOW AND UTILITY FUNCTIONS
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After PMAC has been configured properly, this terminal screen becomes the main operating screen from
which every previously described function can be accessed easily.

The terminal window has a rotating buffer that records the five last issued commands. These commands
can be recalled through the arrow keys on the keyboard.

Based on the limited size of the terminal window, we suggest listing any PLC or Motion Program from
the dedicated pages instead of using the LIST online command.

The Watch Window
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The watch window provides a simple method for continuously monitoring any PMAC variable or
memory register. By default, the following information is displayed: Position, Velocity, and following
error of the first four motors, the number of the selected motor, the number of the selected coordinate
system and the feedrate val ue parameter for the selected coordinate system.

The watch window can be paused with the by pressing the Stop Watch button, improving the
communications response of the terminal window. The contents of the watch window can be edited with
the Edit Watch button and any valid online command can be inserted. The data displayed is that received
directly from PMAC and no further formatting is applied other than that provided by the PMAC 19
variable.

The Calculator Function
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This simple calculator has common arithmetic functions and an automatic decimal to hexadecimal
conversion for every number entered. The hexadecimal field can be edited to obtain hexadecimal to

decimal conversions as well.

The Circle Function
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This function calculates the center and radius of any circular path, given the coordinates of three non-
aligned pointsthat belong to it. Thisis useful when programming PMAC in circular interpolation mode.

The Reset button clears al the entry fields.
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