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Introduction



1.1- HOW TO USE THIS MANUAL

Congratul ations on the purchase of your new Superior
Electric SLO-SYN® motion control product! Y our pro-
grammable motion controller is a full-featured and
flexible product, yet it isfairly simpleto apply it to your
machine control application. Thismanual isdesigned to
guide and assist you through the installation, program:
ming, and operation of the controller. If you:re reading
this, you understand the importance of familiarizing
yourself with how this product should be installed and
operated. We strongly recommend that you read
through this manual until you are comfortable with
electrical connections and operating concepts of the
unit. Also, for your safety, we strongly recommend that
you read ASection 2 - Important Safety Information
first, then read the AQuick Start Installation Guidep
section. This will show you the basics on how to
properly wire and connect the unit into your system.
From there you can move on to the APC Programming(
and ASoftware Referencel sections to learn how to
program your controller to suit your application. AThe
AGlossary ( section describes the terms most commonly
used in thismanual. Detailed technical information is
provided in the AHardware Specifications{ section.

1.2 - WHAT YOU NEED TO KNOW
FIRST

This instruction manual is written in a simple and
easy-to-follow format that should be suitable for both
new and experienced motion control users. In order to
get the most out of your SLO-SYN Programmable
Motion Controller, we assume the user will be knowl-
edgeable in the following areas:

1. Basic electrical and electronic skills, including pre-
paring and following an equipment wiring diagram or
schematic.

2. The basics of motion control system applications,
such as torque, speed, move distances, and how to
structure a motion task into move segments and in-
put/output control.

3. Some familiarity with elementary computer program:
ming, including defining the problem to be solved and
coding it in acomputer language.

1.3 - CONVENTIONS USED IN THIS
MANUAL

1. Motor rotation direction (CW and CCW) is properly
oriented when viewing the motor from the end opposite
the mounting flange.

2. Please refer to the AGlossary () section for detailed
descriptions of terms such as "sink and source /0",
various motion terms, etc.

14-HOW TO CONTACT US

Although this manual represents a detailed compilation
of information regarding your Slo-Syn control product,
sometimes questions may arise which will require that
you contact us. Y ou now have afew options available
to you when you need information regarding your
product or its application:

1. On thelnternet. www.danahermotion.com Our multi-
media enabled web site offers you information such as:

- Free Software

- TechFax fax on demand documents
(1-800-234-3369)

- HTML Product Selector

- HTML Brand Selector

- Product News

- Links

- Sales and Distribution Information

- Product information and specifications
- Many more features

2. By Phone. Y ou may reach us by phoning our Motion
Control Applications Engineering Department at tele-
phone (800) 787-3532 ext. 4751. Or cdl our main number
at (860) 585-4510. Both may be reached between the
hours of 8:00 am and 5:00 pm (Eastern Time), Monday
through Friday. Technical personnel are available to
assist you in getting your application up and running as
efficiently as possible.
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Before ingdling and operating your Slo-Syn mation control product, it is extremely important both to you
and us here that you read this section very thoroughly and carefully. Your So-Syn

product will deliver years of reliable, trouble-free, and most importantly, safe operation if you heed the
cautions and warnings outlined in this section, and follow the subsequent indructions in the remainder of this
manudl.

Throughout this manud two very important symbols will be used to identify hazardous and potentialy
dangerous stuations. The symbols are the dectricad shock indicator and the exclamation point. Both are
aways surrounded by atriangle as shown.

The electrical shock symbol shown to the left is used to indicate situations
where ELECTRICAL SHOCK hazards may exist. These war nings must be
followed to ensurethat YOU avoid eectrocution which could result in serious

- injury or death.
Warning

The exclamation point symbol shown to theleft isused to indicate Situations
I other than electrical hazards which may be potentially dangerous to either

YOU or to the product. Follow these war nings car efully to avoid injury to you
and damage to the product.

Caution

The following indicates apartid ligt of precautions which must be followed to ensure safe operation of the
unit. Other more specific precautions are indicated in the appropriate sections of thismanud. Asyou reed
through the manud, pay particularly close attention to these cautions and warnings asthey could save your
life!

4 Safety Information
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Warning

Danger ous voltages, currents, temperatures, and energy levels exist within
this unit, on certain accessble terminals, and at the servo motor. NEVER
operate the unit with its protective cover removed! Caution should be
exer cised when ingalling and applying this product. Only qualified personnd
should attempt to install and/or operate this product. It is essential that
proper eectrical practices, applicable dectrical codesand the contents of this
manual befollowed strictly.

>

Caution

Servo motor's can develop high torque and speed. Use extreme caution during
development of servo applicationsand integration into your sysem. Sudden
motor motion may occur during execution of softwar e programs. All software
should be verified for proper operation before integration into your system.
Themotor may continueto rotate upon removal of power to the unit. It isyour
responsbility to ensure that no dangerous motion occurs due to gravity
loading or free-running motor s upon unit shutdown. Fail-safe brakes may be
interfaced to the unit to prevent such danger ous conditions.

>

Caution

Servo motors can have temperatures of up to or exceeding 100EC. Use
caution when handling the motors.

>

Warning

Dangerous high voltages exist in thisproduct. Be certain the power has been
removed for aminimum of 5 minutes before any servicework or circuit board
configuration changes ar e performed.

>

Caution

Safety Information

In order to provide the correct levels of protection in the unit, replacement
fuses must be the same exact style and ratingsasthose originally installed in
the unit.
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>

Caution

Temperature of the heatsink or the unit could be hot to the touch. Caution
should be used when deter mining the temperature.

>

Caution

External regenerative resistors can be a shock and temperature hazard.
These resstors should be mounted and enclosed properly with safe
clearances around them. Proper ventilation must also be provided for cooling
pur poses.

>

Caution

Secure mounting and proper grounding of both the So-Syn controller and the
servo motor are essential for proper operation of the system.

>

_Caution

It is your responsbility to follow the appropriate federal, state, and local
electrical and occupational safety codesin the application of this product.

>

NEVER wirethe unit with the power on ! Seriousinjury as
well as damage to the unit may result.

_eaU'ﬁ'Uﬂ_W&'rll;ng

Caution

Safety Information

NONE of the inputsto the unit are to be used as EMERGENCY STOP in
ANY application. Although activation of certain inputswill discontinue motion
or disable motor current, theseare NOT designed asfail-safe E-STOP inputs.
Relying exclusively on inputsto the unit to cease motion which could cause
dangerous conditionsisa violation of Machine Safety Codes (ref. |[EC 204-
1). Other measures such as mechanical stops and fail-safe brakes must be



used in these situations.
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3.1 - Step-by-Step Start-Up Procedure

The TDC positioning system is a sophisticated and versatile
product. Setting up the system, however, can be simple and
straight-forward if the proper steps are followed. Please use
the step-by-step set up guide below.

Bench Set Up.

Before connecting the TDC controller and motor to your
mechanical system or machine, we recommend that you
"bench test" the system. This will allow you to become
familiar with the wiring, programming and operation of the
system beforeinstalling it into your machine. This may also
prevent inadvertent damage to your system if you make
programming errors which cause unexpected motion. The
bench set up can be used to perform simple motionswith an
unloaded motor. To perform abench test, do the following:

1) Wireit up. Read Section 3.5 Wiring Diagrams, and con-
nect the AC power, 1/0 and other required signals per the
wiring diagrams and instructions. BE SAFE!! Do not apply
AC power to the unit until you are sure of all connections.
Initially, thereis no need to connect al of the wiring of your
system together. Wirethe AC lineinput, motor and HOST
communication ports. Thiswill be all you need to establish
communications to the unit and perform simple motion.

HINT: Don't forget to wire the User Enable signal to GND
through a switch so you can turn the unit on and off as
necessary.

2) Load Software. Y ou will need to use a PC to program the
unit according to your regquirements. First you must load the
MCPI software onto the PC from the floppy disks provided
with your unit. Simply insert disk #1 and run the file
SETUP.EXE. Once the software is loaded, run it by double
clicking on the MCPI icon. See Section 5 for more details on
the MCPI installation process.

3) Create your Project. Y ou can now create your new Proj-
ect. Your Project will contain Configuration information for
your particular system, and also your program Task which
holds the user program written in BASIC-like language.
Read section 5 of this manual, and then step through the
Configuration folders and enter the appropriate data for your
system, saving the configuration when you are done. Note
that for this exercise, the original default settings should
work fine. Don't forget to set up the serial port for your PC to
the correct port number and baud rate.

HINT: Motion is commanded in User Units. The System
folder in the Configuration allows you to enter User Units
per motor revolution. Initially, it is easiest to set thisto 1.
Thiswill mean that move distances are in motor revolutions
(e.g. movei=1 moves one revolution), speeds will be in
revs/sec, and accelerationswill bein revs/sec/sec. Later this
can be changed (e.g. to allow programming in inches on a

8

lead screw) to allow ease of programming once the motor is
installed into the mechanical system. See the System Folder
section of this manual for other examples. All move dis-
tances, speeds, and accelerations (or decelerations), and
encoder information are provided in User Units, so be sure
you understand this before continuing.

4) Compile and Download the project into the unit using the
command buttons of the MCPI. Note that initially, you can
leave the Task blank and command motion using the Host
Commands. Host commands are entered in Terminal Mode
from the MCPI. Enter the terminal mode using the appropri-
ate command button on you screen.

5) Tune the Servo. Before running the motor, the controller
compensation parameters (gains) must be set. Toaidinthis
task an automatic servo tuning procedureis available. To
enter the servo tuning screen click on the servo tuning
button. The default values for auto tuning procedure should
work fine for now. The motor may be tuned on the bench
with no load. Ensure that the motor is properly secured to
your work surface (bench). Note: Do not clamp the motor
any where except at the mounting flange.

Begin the auto tuning process by clicking on the Auto Tune
button. A screen with the default values will appear. Click
OK to use these settings. Next, click the Measure System
Gain button. The motor should Abump@ then the System
Gain value should update on the screen. Now click on the
Calculate Servo Gains button and the cal culated Servo Gain
value will be displayed on the screen. Click the Update
Gains button, the servo should now be locked in position.
Verify this by manually trying to turn the motor shaft. The
servo should Afight@ to stay in position.

Itis now timeto try atest move by entering profile parame-
ters. First click the Motion Setup button and enter the
desired Accel, Decel, Speed and Move distancein user units
(e.g. revolutions by default). When finished click Done.
Now make the motor move by clicking on the Move re-
sponse button. The motor should complete the programmed
profile and the position error plot should appear on the
screen. 'Y ou may haveto adjust the display timein order to
seethewhole move. To savethe gain settings, click on the
Quit button then the Yesto save. To complete the tuning
Compile and Download the project to the controller to save
these values. The servo gains are now set.

6) Make it move! Now that you have compiled and down-
loaded your project into the unit, and tuned the servo you
are ready to command the motor to move. First you must
enter the speed at which you wish the motor to turn, such as
1 rev/sec. Do this by typing speed=1 <CR> in terminal mode
( the <CR> means the Return or Enter key). Now enter the
acceleration, for example 50 revs/sec/sec by typing ac-
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cel=50<CR>. Set the deceleration to match by typing de-
cel=50<CR>. After each entry, the controller should respond
with a ">" prompt indicating that it has accepted your
command. In addition set wndgs to 1<CR> With the motor
secured to the bench, you can now command a move. To
command an incremental move of 10 revolutions type
movei=10<CR>. The motor should now move 10 revolutions.
If it does not, check your wiring, particularly the User Enable
input. Also verify your configuration settings. In addition,
check the motor direction to insure it meets your require-
ments. The motor direction can be reversed in the System
folder if necessary.

7) Write a BASIC Program. Now that you have made a
simple move, you are ready to write your Task inthe MCPI

BASIC-like language. Refer to section 6 for a complete
description of all of the Program Commands. Y ou can start

by opening your Task and entering the commands. First,
let's enter the exact same commands that you used in the
Terminal HOST mode. Enter the speed, accel, decel, wndgs
and movel commands as you did in step €) above. Y ou must
enter two more commands to tell the unit that the program is
done after it performs the move. Type waitdone<CR> and

End<CR> as the last lines of the program. Since your pro-

gram has changed, you must compile and download it into
the unit again for the changes to take effect. If you receive
compilation errors, check your spelling and syntax with the
information in section 6.

8) Execute the Program. From the Terminal screen, click on
the RUN button to make the motor move 10 revolutions. If
desired you can now add lines to the program to perform
more sophisticated motion. For example, try typing REAL x
<CR> asthefirst line of your program. Thiswill declare x as
a REAL variable. See sections 5 and 6 for discussions re-
garding variables. On the next ling, type x=10 <CR>. This
assigns the REAL variable x a value of 10. Change the
movei=10 line to movei=x. Now the motor will move whatever
distance has been assigned to x. Recompile and download
your program, then run it. It should operate the same as
before, but now the programis using x as the move distance
in place of 10 as before. Change the value of x to different
distance valuesto verify that it works correctly.

8) Expand the Program and Debug it. Now that you have
written a simple program, you can add more complexity by
adding more commands. You can do complex looping,
access 1/0, and motion functions as required. It will be
helpful now to use the DEBUG feature of the MCPI. Again,
refer to section 5 for a detailed description of the debug
mode. If you compile your program in Debug Mode, you can
enter the debug screen as your program runs and step
through your code to verify proper operation. Once the code
is functioning correctly, you should re-compile in Release
Mode as thiswill speed up program execution.

Quick Sart Installation Guide

Installation into M echanical System

Once you have tested everything out in a controlled envi-
ronment, you may complete the installation into your sys-
tem. This will require making all the necessary wiring con-
nections for limit switches, additional 1/0, analog inputs,
encoder, etc. Start simple!! Just asyou started with asimple
move on the bench, you should start simple here as well,
slowly adding complexity asyou debug your code and gain
more confidence in programming. Y ou may use the Debug
Mode to help in this process. Once you have the program
running the way you want, you can disconnect the HOST
computer and use the RUN switch input or Program
Autostart feature in the Configuration to run your program
without acomputer attached.

3.1.1 - Switch and Jumper Settings

Before mounting and wiring your Slo-Syn
Positioning system, the switches and jumpers
that govern various operating features should
be checked or set to their proper positionsfor

Caution Your application.

NEVER change the jumper or switch sd-

tings with the unit powered on. Risk of

physical injury or damage to the unit. Be-

fore changing jumpers, placetheunit on a

_ properly grounded antistatic work station to
Warning avoid gatic dischar ge damage to the board.

3.1.2 - Baud Rate and Unit ID Switch

The Baud Rate switch is accessible through the top of the
unit on the left side and has two positions, 9600 or User
Baud. According to the switch position, upon unit power up
or RESET, the baud rate is set to either 9600 or the User
Baud rate. If the switchisinthe User position, the unit baud
rate is set to the baud rate parameter defined in the down-
loaded project. If the switchisinthe 9600 position, the baud
rate will be forced to 9600 regardless of the project configu-
ration.

It is possible to communicate to multiple TDC units over the
sameRS-485 transmission lines. To accomplish this, the TDC
supports daisy chain wiring of from 2 to 32 units. All units
MUST havetheir HOST communicationsport set to RS-485
mode for daisy chaining to function properly. Insurethat
the power is off when changing the setting. To change the
Host port communi cations mode remove the 8 screws hold-
ing the cover on and place the jumpers on JP4 & JP7 to the
R$485 position, see Figure 3. Put the cover back on and
secure the 8 screws holding the cover in place. All units
must also be set to the same baud rate.



Further wiring details are included in Section 3.5 Wiring
Diagrams. Note that RS-232 daisy chaining is NOT sup-
ported, and RS-232 signals should NOT be connected to the
Host port when it isin RS-485 mode.

The host command <nn alows different modes for daisy
chain communications. Refer to Section 6.2 for a detailed
description of the daisy chain commands including syntax
and usage.

Each unit on the daisy chain must have a unique identifica-
tion number (ID) to eliminate transmitter conflicts on the
R$485 port. Five dip switches are provided for selecting the
unit ID (1 - 32). They are accessible through the top left of
the unit. One and only one unit MUST have ID 1. The switch
positions are only decoded at power-up. Do not change the
switches with the power on.

Theunit ID 's are decoded as follows:

IDNum.| SW-1 | SW-2 | SW-3 | SW-4 | SW-5
1 ON ON ON ON ON
2 ON ON ON ON OFF
3 ON ON ON OFF ON
4 ON ON ON OFF OFF
5 ON ON OFF ON ON
6 ON ON OFF ON OFF
7 ON ON OFF OFF ON
8 ON ON OFF OFF OFF
9 ON OFF ON ON ON

10 ON OFF ON ON OFF
11 ON OFF ON OFF ON
12 ON OFF ON OFF OFF
13 ON OFF OFF ON ON
14 ON OFF OFF ON ON
15 ON OFF OFF OFF ON
16 ON OFF OFF OFF OFF
17 OFF ON ON ON ON
18 OFF ON ON ON OFF
19 OFF ON ON OFF ON
20 OFF ON ON OFF OFF
21 OFF ON OFF ON ON
22 OFF ON OFF ON OFF
23 OFF ON OFF OFF ON
24 OFF ON OFF OFF OFF
25 OFF OFF ON ON ON
26 OFF OFF ON ON OFF
27 OFF OFF ON OFF ON
28 OFF OFF ON OFF OFF
29 OFF OFF OFF ON ON
30 OFF OFF OFF ON OFF
31 OFF OFF OFF OFF ON
32 OFF OFF OFF OFF OFF
10

3.1.3 Controller Board Jumpers

There are five jumper banks which must be set on the con-
troller board. BEFORE removing the unit cover, check to
seeif the factory default jumper settings are acceptable for
your application. If changes must be made to the control
board jumpers, first you MUST insure that the unit isNOT
powered on. Next remove the sheet metal cover by unfas-
tening the screws from the cover and carefully diding it free
of the unit. Lay the unit on its side to gain access to the
jumpers. Carefully set the jumpers according to the Table 3.1
below.

TABLE 3.1
Jumper Function Setting 1 Setting 2
(Factory Default)
JP1 Mode: Sink Mode Source Mode
Output 2 1-2, 34 2-3,45
JP2 Mode: Sink Mode Source Mode
Output 1 1-2,34 2-3,45
JP3 Mode: All Sink Source
OPTO Inputs (See Board (See Board
L egend) L egend)
JPA& | Mode: Host RS232 R3485
JPr* Serial Port 1

*NOTE: Both JumpersJP4 and JP7 must be set tothe
same mode.

3.1.4 Drive Current Switch

Thedrive current selection switch is accessible through
the top center of the unit. The switches should normally
be set to reflect the continuous current capability of the
motor. The available peak current is twice the continuous
current setting.

The TDC-04 hasamaximum continuous current of 4 amps
and apeak current of 8 amps. The TDC-08 has a maximum
continuous current of 8 amps with 16 amps peak current.
The highest DIP switch setting in the on position will be
themaximum CONTINUOQOUS current supplied by the
drive.
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3.2 Mechanically Mounting the Unit

Mechanical outline drawings are shown on the previous
page. The unit should be solidly mounted within a control
enclosure approved for the particular application. It isimpor-
tant to select a mounting location which will meet the envi-
ronmental specificationslisted in the Mechanical Specifica-
tions section of this manual. Avoid locations that expose the
unit to extremes of temperature, humidity, dirt/dust, or
vibration.

At least 2 inches of space must be |eft on the sides, top, and
bottom of the unit to allow proper air flow for cooling of the
unit.

Care must also be taken to allow proper and safe access to
all wiring. It is best to avoid areas with high electrical noise.
As discussed in the following section on General Wiring
Guidelines, thiswill help prevent incorrect operation dueto
electromagnetic interference.

3.3 General Wiring Guidelines

Dangerous voltages, currents, tempera-
tures, and energy levels exist within this
unit, on certain accessible terminals, and
at theservomotor. NEVER operatetheunit
with its protective cover removed! Caution
should be exercised when installing and
applying this product. Only qualified
Warning per sonnel should attempt to ingtall and/or
operate this product. It is essential that
proper electrical practices, applicable
electrical codes and the contents of this
manual be followed strictly.
SLO SYN controls and drives use
modern solid-state digital electronicsto provide the features
needed for advanced motion control applications. Although
care has been taken to ensure proper operation under awide
range of conditions, some user equipment may produce
considerabl e electromagnetic interference (EMI) which can
cause inappropriate operation of the digital logic used in the
control, drive, or other computer-type equipment in the
userss system.

In general, any equipment that causes arcs or sparks or that
switches voltage or current at high frequencies can cause
interference. In addition, ac utility lines are often Apollutedi
with electrical noise from sources outside a user:s control
(such as equipment in the factory next door). Some of the
more conmon causes of electrical interference are:

I power from the utility ac line

I relays, contactors and solenoids
1 light dimmers

I arcwelders

! motors and motor starters

I induction heaters

I radio controls or transmitters
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I switch-mode power supplies
computer-based equi pment

high frequency lighting equipment

I dc servo and stepper motors and drives

The following wiring practices should be used to reduce
noiseinterference.

Solid grounding of the system is essential. Be sure that
there is a solid connection to the ac system protective earth
ground (PE). Insure that thereis agood electrical connection
through the drive case to the control system enclosure . A
separate grounding strap may be required to properly
ground the unit to the control system enclosure. This strap
should ideally be constructed using copper braid at |east
0.5" in width. Use a single-point grounding system for all
related components of the system (aAhub and spokes( ar-
rangement). Keep the ground connection short and direct.
Grounding through both a mechanical connection to the
control enclosure and through agrounding strap is optimal.

Keep power and signal wiring separated. Power wiring
includes ac wiring, motor wires, etc. Signal wiring isinputs
and outputs (1/0), encoder wiring, serial communications
(RS232 lines), etc. If possible, use separate conduit or ducts
for each. If the wires must cross, they should do so at right
angles to minimize coupling.

Use separately bundled shielded, twisted-pair cables for the
driveto motor, encoder, serial communications, analog input,
and digital /O wiring. For motor connections, BE SURE TO
GROUND THE SHIELD AT THE SLO-SYN DRIVE END. For
other connections it is recommended that the shields be
terminated at the Slo-Syn unit aswell. Shield connections
are provided on the unit terminal connectors for this pur-
pose. All cable shielding should be terminated at ONE END
ONLY'. Grounding the serial communications connections at
the opposite end of the controller may be necessary in some
systems. If the cable shield must be connected at the oppo-
site end from the Slo-Syn unit, it should NOT also be con-
nected at the unit as this may cause a Aground loop@ and
introduce electrical noise problems.

Suppressall relays as close to the coil as possible to pre-
vent noise generation. Typical suppressors are diodes,
capacitors or MOV:s. (See manufacturerss literature for
complete information). Whenever possible, use solid-state
relaysinstead of mechanical contact types to minimize noise
generation.

In some extreme cases of interference, it may be necessary to
add external filtering to the ac line(s) feeding affected
equipment, or to useisolation transformers to supply their
ac power.

NOTE: We make awide range of ac power line
conditioners that can help solve electrical interference
problems. Contact 1-800-SUP-ELEC for further assistance.
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Figure3.4
TDC Switches
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1 Inputs 1-10

EVENT VINL; EVENT 2/IN 2

These inputs can be used as mark registration and/or home
inputs. If the inputs are not used for mark registration or
home then the inputs can be used as programmabl e inputs.
These inputs can be configured in the Project Configura-
tion & Setup.

+LIMIT /IN3; -LIMIT /IN4

The +LIMIT or the -LIMIT may be used as inputs for limit
switches or sensors. If limit switches are not needed, the
inputs can be configured in the Project Configuration and
Setup as programmable inputs.

RUN/IN5

The run input will start execution of the program. If auto-
start is selected the program will start upon power up or
RESET. RUN will aso re-start a program if aCLEAR has
been activated, or resume a program if a FEEDHOLD has
been activated. If the RUN input isnot needed the input can
be used for a programmableinput. Thisselectionisdonein
the Project Configuration & Setup.

CLEAR/ING

If the CLEAR isopen, the program or motion will stop. This
input must be closed to run the program or start motion. If
the CLEAR input is not needed the input can be used for a
programmabl e input. These inputs can be configured in the
Project Configuration & Setup.

FEEDHOLD/IN7

Activation of this input will cause motion to come to a
controlled stop. After release of the FEEDHOLD input,
activation of the RUN input will continue the program from
the point the FEEDHOL D was activated. If the FEEDHOLD
input is not needed it can be used as a programmabl e input.
Thisinput can be configured in the Project Configuration
& Setup.

IN 8, IN9, IN10

These inputs can be used as programmabl e inputs.

2 Outputs1 & 2

OUT 1,0UT 2

These outputs can be used as programmabl e outputs.

16

3 Fault Output

FAULT

FAULT isan output that is active low when a fault isindi-
cated. The condition of the fault can be queried through the
software ERR command.

4 OPTO

+VOPTO; -VOPTO

A power supply for the optical isolatorsis REQUIRED for
proper 1/0O operation. This supply must be connected to the
+VOPTO and -VOPTO pins. The +24VDC and +24V COM

power supply is available from the drive connector on the
TDC unit, and should be connected to +Vopto and -V opto
unlessthe user isto supply power for the I/O from adiffer-
ent source.

S Serial Port 1

Host Serial Communications; Port 1

GND: Ground for Serial Port 1

RX1+: Receivet for Serial Port 1 (R$485)

RX1-: Receive- for Seria Port 1 (R$485/ RS232)
TX1+: Transmit+ for Serial Port 1 (RS485/ RS232)
TX1- Transmit for Seria Port 1 (R$485)

Shield.  Connection for Shield

6 Serial Port 2

Auxiliary Serial Communications. Port 2

GND: Ground for Serial Port 2

RX2+: Receivet for Serid Port 2 (R$485)
RX2-: Receive- for Serid Port 2 (R$485)
TX2+: Transmit+ for Seria Port 2 (RS485)
TX2- Transmit- for Serid Port 2 (RS485)
Shield  Connection for Shield

7 Encoder 1

ENCODER 1

Encoder inputs for the servo motor can be single-ended or
differential phase quadrature.

+5V: +5V supply for encoder.

GND: Ground for encoder.

Al+: Encoder Channel A+ input.

Al- Encoder Channel A- input.

B1+: Encoder Channel B+ input

B1-: Encoder Channel B- input.

Z1+ Encoder INDEX Channel Z+ input.
Z1- Encoder INDEX Channel Z- input.
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8 Encoder 2

+5V: +5V supply for encoder.
GND: Ground for encoder.

A2+ Encoder Channel A+ input.
A2-: Encoder Channel A- input.
B2+: Encoder Channel B+ input.
B2-: Encoder Channel B- input.

Shield: Connection for Shield
Shield: Connection for Shield

9| ServoMonitor Outputs

SERVO MON OUTPUTS

The servo monitor output is an analog signal proportional to
the command to the drive or current amplifier. The monitor
sgnd is-10VDCto +10 VDC. Thesesignalsarefor connec-
tion to monitoring and measurement equipment ONLY. DO
NOT connect them as input signals to any other type of
equipment.

SERVO MON +: Analog monitoring signal representing the
current command from the controller.

SERVO MON - Ground reference

10| Analog Input

ANAL OG Input Connections

The analog input connections allow avoltage from -10 VDC
to +10VDC to beread into the unit. Resolution of the input
is19.53 millivolts.

ANALOG IN+:  Non-inverting analog input.
ANALOG IN-:  Inverting analog input.

+10V REF: +10 VDC supply for precise referencing
of analog signals.
AGND: Ground for analog inputs.

11 Device ID Number Switch

The DIP switches will allow up to 32 devices to be daisy
chained together.
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Baud Rate Switch

This switch is read only at power-up or after a reset com-
mand. In the off position the baud rateisforced to 9600. In
the on position the baud rate for the loaded project isused.
The User Baud is selected in the project Configuration and
Setup. If no user program is loaded the default 9600 baud
rateisused.

13| BCD Port

BCD Port/1/0

This port can be used as either aBCD port, consisting of 7
numbers and asign, .

or used for additional outputs and inputs .
BCDO/IN11: BCD switch data O or program input 11.
BCD1/1N12: BCD switch data 1 or program input 12.
BCD2/1N13: BCD switch data 2 or program input 13.
BCD3/1N14: BCD switch data 3 or program input 14.
BCD4/1N15: BCD switch data4 or program input 15.
BCD5/1N16: BCD switch data 5 or program input 16.
BCD6/1N17: BCD switch data 6 or program input 17.
BCD7/1N18: BCD switch data 7 or program input 18.
BCD_STRO/OUT3: BCD switch Strobe 0 or output 3
BCD_STR1/0UT4: BCD switch Strobe 1 or output 4
BCD_STR2/0OUT5: BCD switch Strobe 2 or output 5
BCD_STR3/0UT6: BCD switch Strobe 3 or output 6

"Note: When the BCD port is used for additional 1/0, all
inputsarenon-isolated TTL level, and all outputsare open-
collector TTL level (7406) active low.
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14 LED's

These LED=s show conditions that may be occurring in the
amplifier

BUSY: Signifiesthat motion is occurring
on the motor.
FAULT: Indicates that an error has

occurred in the controller.
POWER: The power LED indicates that
thereis AC power applied to the
driveand that thelogic supply is
active.
OVER CURRENT: Shows that current above the
peak current is being drawn.
Could be a phase to phase or
phaseto ground short. May also
be caused by a non-compatible
motor being used.
OVER TEMP: This LED shows that the tem
perature of the heat sink isin ex-
cess of 70 EC or the ambient
temperature is greater than 50
EC.
OVER CURRENT & If the over currentandthe OVER
TEMP: over tempera-
ture LED:s are active this indi-
catesthat an over voltage condi-
tion has occurred, bus voltage >
425vVDC.
REGEN ON: Shows that the regenerative
energy circuitry isactivated due
to energy.

15 Hall Effect Sensors

These connections are used to power and connect the Hall
effect sensors to the amplifier, and are optically isolated
inputs for the commutation devices. The inputs are pulled
up to a+5 V supply through 1000 ohm resistor. Low level
current is< 4 milliamperes.

+5V: +5VDC to power the Hall effect sensors.
5V COM: 5VDC common.

HALL1: Hall Effect sensor input for phase  one(1).
HALL2: Hall Effect sensor input for phase  two(2).

21
18

HALL3: Hall Effect sensor input for phase three(3).
SHIELD: Shield connection.

16 CMD+,CMD-

These signals should not be connected on TDC units.

17 Enable and Ready signals

ENABLE: Sinking thisinput will enable the amplifier.
The amplifier will only enable if the con-
troller allowsit and the user activates the
input by sinking current to 5V COM with

aswitch or open collector active device.

READY: The READY output is active when the amplifier is
ready to accept a servo command from
the controller. Both normally open and
normally closed relay contacts are avail-
able on the drive connector.

18 24 VDC Power Supply

24 VVDC to power other devices. It isrecommended that this
power be connected to the +Vopto and -Vopto in puts on
the controller as the discrete 1/0 supply.

+24V. +24VDC output at 0.5 Amps.
24V COM: Common for the 24V DC outpuit.

19 External Regen Resistor

Allows for the connection of additional regeneration resis-
tors. External Regeneration resistor(s) may be required if the
system inertia and decel eration requirements exceed speci-
fied limits. Example energy and power calculationsto aidin
sizing external regeneration resistors are given in Section 3.6.

20 Motor Wiring

These connections are for connecting the three phases of
the motor.

Ma: Motor phase a.

Mb: Motor phase b.

Mc: Motor phase c.
AC Power
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AC CONNECTIONS
Theseinputs are for connection of single phase AC power.
Theinput power rangeisfrom 94VAC to 264VAC

22 Chassis Ground

Grounding locations for the motor and AC connections. It is
critical that asolid connection from Protective Earth Ground
be connected to the chassis ground. The Ground wire must
be at least as large as the AC supply power wiring.
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Current Settings

The current settings of the drive reflect the continuous
current capability of the motor. Peak current istwicethe
continuous current setting. The TDC-04 has a maximum
continuous current of 4 amps and a peak current of 8 amps.
The TDC-08 has a maximum continuous current of 8 amps
with 16 amps peak current. The highest DIP switch setting
in the on position will be the max. CONTINUOUS current
supplied by the drive.
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3.5 Wiring Diagrams

This section provides diagrams for wiring each connection discussed above. Remember to follow the General Wiring Guidelines
outlined previously.

NEVER wiretheunit with the power on! Seriousinjury aswell asdamageto the unit may result.

Caution ‘Warning 351 Motor Connections to the amplifier.

A. Connect phase A of the motor to the terminal marked Ma.

B. Connect phase B of the motor to the terminal marked Mb.

C. Connect the motor phase C to the terminal marked Mc.

D. Connect the motor groundto the ground stud below the terminal strip.

External
Regen
External
Ma Regen
] . |
Servo _C/ Ma
Motor
Mb
O &
o Mc _
Mc
AC IN
1 AC IN
120 VAC
or
—=) &rO @
Motor 1_
Ground Ground
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Motor & Hall Sensor Commutation Table

HALL 1 HALL 2 HALL 3 MOTOR VOLTAGE
+5VDC ov ov MatoMb

ov +5VDC ov MbtoMc

ov ov +5VDC MctoMa

The above table must be used to properly Aphased your motor-s windings to the three hall effect sensors or encoder commutation
tracks.

Note: A pullup resistor of 1Kohm to +5VDC is provided on the three HALL inputsinternal to the drive unit. If an open-collector
hall sensor is used, the device must be off to yield a+5VDC signal at the drive HALL terminal.

3.5.2 Hall Sensors/ Commutator connections

. Connect the 5V and the 5V COM to the amplifier.

Next, connect the phase A hall sensor or commutator to Hall 1 on the amplifier.
Connect the phase B hall sensor or commutator to Hall 2 on the amplifier.

. Connect the phase C hall sensor or commutator to Hall 3on the amplifier.
Connect the shield of the cable to the Shield input on the amplifier.

moowp

+5Vv

5V COM

HALL 1

HALL 2
Motor Hall 2

HALL 3

Motor Hall 3

Motor Cable
Servo Shield

SHIELD

CMD +

Motor

CMD -

ENABLE

READY

READY

L\'

v v READY e

L Encoder *To Servo Motor

Controller* 24V

24V COM

DL AL REDE LR D0
sellsesesessess

Jd B HEHEEHHEHHBEHHEHBHHEHB

*Connection of the Servo CMD+ or CMD- depend on servo contoller used. If
used with the "TDC", CMD+, CMD- and ENABLE are monitoring points only.

The CMD+, CMD- inputsshould NOT be connected on TDC units. These are connected internally. Connection to
theseterminalswill causeimproper operation of the unit.
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3.5.3 Servo Motor Encoder connections
3.5.3.1 Encoder 1

Connections for Encoder 1 should be made according to
figure 3. The Z-channel may also be known as the Index

O
L0

N @ @ ) +5V
. @ @ ; GND
AL+

@ |
Al-
A2- % @ ! Bl+

B2+ @ o’@ 9
B1-

o % @ 11
SHIELD % % 13 =
SHIEL @ 4 =

Encoder Shield

channel or I-channel. Single ended TTL encoder channels
should be connected to the “+” inputs.

Servo
Motor

Figure 3.8a, Encoder 1 Connections

3.5.3.2 Encoder 2

The encoder 2 connector is used to connect an external
guadrature encoder source to the controller. Encoder 2 line
count in the configuration Encoder folder represents the
number of linesin one revolution of encoder 2. Position and
velocity of encoder 2 may be read using the ENCPOS2 and
ENCSPD2 commands. In electronic gearing mode encoder
2 may be selected as the master source by using the

Encoder

o /

GEAREXT and GEARON commands. The motor (slave) to
master ratio is set using GEARRATIO .The external quadra-
ture encoder connections are depicted in the Figure 3.8b.
Although differential encoder outputs are recommended,
single ended TTL encoder channels can be connected to the
A+, and B+ terminals.

+5V

2
/ \ GND

GND 4
A2+

A2+ 6
A2-

A2-

B2+

L

10

B2-

12
\ / SHIELD
14

SHIELD

VOOEDOEE
DEOTDOOE

16

Figure 3.8b, Encoder 2 Connections
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3.5.4 Input Connections

Inputs can be sink or source using active devices or aswitch Refer to section 3.1.1 of this manual.

closure. Connectionsto the inputs can be seeninfigure4.

Connectionsto other inputs are similar. Note: The BCD port can be configured as TTL sink only
I/0. Seefigure6 and theElectrical Specifications section

The factory setting for inputs 1-10 is current sinking. for moredetailed information.

Changing the setting to sour cing requiresthe removal of the
steel enclosure to expose the circuit card.

I/O Connections
for TDC

[nputs
Sinking Sinking
Connection Connection

PLC
EVENT1/IN1 Outputs
(Sinking

IN9

s
com O

Sensol

L

HOHEWIEF
QUMD

AN

DOHENOHF

-VOPTO

-VOPTO

Sourcing Sourcing
Connection Connection

PLC
EVENT1/IN1 Outputs
(Sourcing

=
S

s
com O

Senso

L

HOOEWYOF
WEXEROOE

+VOPTO +VOPTO

U AUNAA?

HEVEWO®F

-VOPTO

Figure3.9
Digital Input
Connections
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3.5.5 Output Connections

Outputs can be sink or source. Connections to the out- Note: The BCD port can be configured as TTL sink only /0.
putsisshown in figure 5. Connectionsto other outputs See figure 6 and the Electrical Specifications section for
issimilar. more detailed information.

The factory setting for the outputs is current sinking.
Changing the setting to sour cing requiresthe removal of the
steel enclosure to expose the circuit card. Refer to Section
3.1.1 of thismanual.

Qutputs
Sinking Sinking
Connection Connection
to PLC
@ e @
o @ e %@
ouT1 @ @ ouT1 @ @
;5 @ @ com = ouT2 @ @
@|® A @@
@@ @ |®
[— @ @ +VOPTO @ @
@ @ -VOPTO @ @
Sourcing Sourcing
Connection Connection
@ oot @
o |@ e o 5| @
ouTL @ @ OUT1 @ @
@ @ com S @ ourz| @ @
x @D @| 9
3 @|® @ |®
@ | @ @| @
-VOPTO @ @ -VOPTO @ @
Figure3.10
Digital Output
Connections
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BCD Strobe
2
TTL Out 5

BCD Strobe
3

TTL Out 6

BCD Data 6

TTLIN 17

BCD Data 4
TTLIN 15

N.C.

BCD Data 3
TTLIN 14

BCD Data 2
TTLIN 13

Input Usage
TTL Input

TTL IN11
(Sinking)

BCD/TTL

GND

TTL IN11
(Sinking)

7406

GND
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If+

1 P BCD Stobel
TTL Out 4
3 4 BCDOStrobe
TTL Out 3
5 6 BCD Data 7
TTLIN 18
7 8 BCD Data 5
TTLIN 16
9 10 N.C.
BCD Data 0
1 12 TTLIN 11
BCD Data 1
13 14 TTLIN 12
Output Usage
TTL Output
OUTPUT
(TTL Sinking)
Limit to
PLC 25 mA
TTL OUT3
COM (Open Collector)
Encoder
OUTPUT GND

(TTL Sourcing)

PLC

COM

Figure3.11
BCD/TTL Digital
/O Connections



TDC Controller

BCD/TTL
I/O

2211157-002

14

=]

]

||

14

26

-]

] =3[

[oslelele)s]@)
Ooo0oaopno

[T

Figure 3.12a
BCD Switch Connections

Figure 3.12b
Typical External BCD Connections
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3.5.6 Analog Input Connections

The analog input can accept a-10 VDCtoa+ 10 VDC signal. Thisinput can be single ended or differential. Examples of connec-
tion methods are shown in figure 8. A +10V REFerence supply capable of sourcing 10mA of current is also provided.

The user's ground must be referenced to the GND or AGND on the controller.

@ ANALOG IN + A_ @ ANALOG IN +
@ ANALOG IN - @ ANALOG IN -
@ +10V REF @ +10V REF
@ AGND @ AGND
+ +
Users @ ANALOG IN + Users @ ANALOG IN +
Voltage Voltage
Source @ ANALOG IN - Source @ ANALOG IN -
-10 VDC % +10V REF -10 VDC % +10V REF
to to <
GND
sovoc L L@ | sew +10 VDC @) | noeno
Single Ended Analog Signal Differential Analog Signal
Figure3.13
Examples of
Analog Input
Connections
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3.5.7 RS232/ R$485 Host Serial Communication Connections

This serial port isfor communication and programming of
the controller from apersonal computer (PC). The port can
be configured for RS232 or RS485 operation. The factory
setting is for RS-232. The port may be configured by re-
moving the unit cover as described in section 3.1.1. The
wiring connection diagram is shown below. Notethat when
wired for RS-485 operation, acable with individual twisted
pair wires must be used. The termination resistors indi-
cated with the * must have avalue of 120 ohms. Theresis-
tor across the RX 1+ and

RS232

GND

RX1- lines must be added external to the TDC unit. The
termination resistor across the TX1+ and TX1- signals at
the opposite end from the TDC may also be required if the
terminal device to which the TDC is communicating does
not provide the termination resistor internally. If the termi-
nal device does provide theresistor internally, the resistor
across TX1+ and TX1- is not required. Check with the
manufacturer of theterminal device and review its specifica-
tions to insure proper serial communications operation.

Host Ground

RX1+

RX1-

Host Transmit

TX1+

» Host Receive

TX1-

Host Shield

RS485

CARL

@ | & ||

@ ||

@ |8
11<SHIELD

GND

Host Ground

PODDPDF

| e DO
5 Host Transmit-

DOOO®E

OO I

*

9 X1 Host Receive -

11| l¢—SHIELD Host Shield
Figure3.14

Host Serial Connections
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3.5.7.1 - R$485 Host Daisy Chaining Connections

Connection in adaisy chain configuration requiresthat the
Host port of all units bewired as RS-485. Each unit must
also be set to RS485 Host communications mode. To
change the Host port communications mode remove the 8
screws holding the cover on and place the jumpers on JP4
& JP7 to the RS485 position, see Figure 3.1. Put the cover
back on and secure the 8 screws holding the cover in place.
Be sure that the unit is off when changing the switch posi-
tion.

Important!! Connection to a PC that has an RS-232 port
only can be accomplished by using an RS-232 to RS-485
four wire adapter such

as shown. If your PC has an RS-485 port, the

adapter isnot required.

TDC TDC TDC TDC
RS485 RS485 RS485 RS485
ID=1 ID=2 ID=nn ID=32
——=
Adapter I I
Tx+ Rx1+ Rx1+ : Rxl+: Rx1+
O_ "@_ _@_“\\//"\\/’]_ I _®_
|
- Rx1- Rx1- ,(\ ,(\ | Rx1- : Rx1-
N \I_
O o o+ G- -]
|
Rx+ Tx1+ Tx1+ | Tx1+ : Tx1+
I_
O_ /@_ _@__"\ /"‘\\/ﬁ (D) _®
I
Rx- Tx1- Tx1- } /( : Tx1- | Tx1-
O - ROSHENEAN 1O
I |
|
GND GND : GND | GND
— © O aCu ©
RXx
Tx PC
RS232
GND Port

Figure3.15
Daisy Chaining Wiring Diagram
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3.5.8 R$485 Auxiliary Communication Connections

Theauxiliary seria portisused for serial communication to
and from other devices, such as PLC:s or operator interface
panels. Thisserial portis RS485 only. Thewiring connec-
tion diagram is shown below. Note that a cable with indi-
vidual twisted pair wires must be used. The termination
resistors indicated with the * must have a value of 120
ohms. The resistor across the RX2+ and RX2- lines must
be added external to the TDC unit.

The termination resistor across the TX2+ and TX2- signas
at the opposite end from the TDC may aso berequired if the
terminal device to which the TDC is communicating does
not provide the termination resistor internally. If the termi-
nal device does provide theresistor internally, the resistor
across TX2+ and TX2- is not required. Check with the
manufacturer of theterminal device and review its specifica-
tions to insure proper serial communications operation.

RS485
Aux. Ground GND > |2
Aux. Transmit + RX2+ 4 %
Aux. Transmit - ’Q 6

. TX2+

Aux. Receive + ) 8 @
Aux. Receive - TX2- 10
Aux. Shield SHELD  f 11,

Figure3.16

Auxiliary

Serial Connections
30 Quick Sart Installation Guide



3.5.9 AC Power Connectionsto the Unit

Connect thetwo (2) AC IN terminals to the line voltage. The voltage input can be from 95 VAC to 264 VAC 50/60 hertz. The
voltage in will determine the DC bus voltage. The DC bus voltage can be approximated by using the following equation:

VDCq = VACINX_\/E

VDC, ;;=VAC, X 1.4142

Do not exceed the voltagerating of the drive and motor. Damage may occur if theratings are not observed.

External
Regen
External
Regen
e
Mb
e
AC IN
AC IN
A 4
Typical
115VAC or
230VAC
e O @ O @
AC Power Connection
Ground
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3.5.10 Regenerative Resistor Connections

An external regenerative resistor can be connected to the
7 position terminal strip connection points marked external
regen . Refer to Figure 3.5 item 18 and Figure 3.17. Seethe
following example to determine if an external regenerative
resistor isrequired.

For determining if the internal regenerative resistor is suffi-
cient use the following formula:

Joior = Inertiaof therotor in Ib-in-sec?
Jieea = Inertia of theload in 1b-in-sec?
P = Power of regen resistor in watts

N = Speed of the motor in RPM

Tiiq = Frictiona torqueinlb-in

tyeca = Deceleration time

t.,c = Cycletime

E = energy in motor injoules

1

= 1
E= 1616 * (‘;otor+‘]|0ad) * N2 - g* Trict * N * Eecel

where: P = Power of theinternal resistor = 50 W

32

E= —+ (0026 +0130)* (4000) 2-

Theinternal resistor issufficient if the calculated energy is
# 200 Joulesand the cycle time is greater than the calcu-
lated cycletime.

Example:

Jrotor =.0026 Ibin sec?
Jioas = 0.130 Ib in sec?
P=50W

N =4000

Tfrim =5 |b in.

tdecel = 25 Ssec

1
1616 8

e 2 9%63 > 19
50

Sincethe energy islessthan 200 joulesand if the cycletime
is greater than 1.9 seconds no external regenisrequired. If
the energy is greater than 200 joules or the cycletimeisless
than the calculated cycle time consult the factory for the
proper external regen resistor.

Quick Sart Installation Guide
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4.1 Mechanical and Environmental Specifications

Size 3.76W x 10.63H x 8.07D (SeeFigure3.2)
Operating temperature: +321 Fto +1221 F (01 Cto +501 C)

Storage temperature: -401 Fto +1671 F (-401 Cto +751 C)
Humidity: 95% maximum, non-condensing

Altitude: 10,000 feet (3048 meters) maximum

4.2 Electrical Specifications

Input Voltage: Single Phase 95 to 264 Vac, 50/60 Hz

Input Current: TD330/04, 7 amps, internal fuserating: 8 amp 3AB Fast Acting
TD330/08, 14 amps, internal fuse rating 15 amp 3AB Fast Acting

Internal Bus Voltage: 130to 375 Vdc depending on AC Input Voltage

Motor Current: TD330/04, 4 amps continuous, 8 amps peak

TD330/08, 8 amps continuous, 16 amps peak
(maximum value of a 6-step waveform)
Regenerative Energy Circuit: Internal: 50 ohm, 50 watt resistor
External: Connections available (Must be externally fused)
See example for size selection in Section 3.5 or consult factory
Regenerative Energy Circuit Fusing: Internal fuse, 1 amp 3AG Slo-Blo

4.2.1 Isolated Digital 1/0

Inputs (IN1 - IN10): Sink or Source mode selectable viajumper JP3.
Sink mode:
On state voltage range (V_IL) with -Vopto = 0V: 0V to (+Vopto- 4.5V)
Input Current; (V_IL =0V), +Vopto=24V, -Vopto=0V: 11.5mA
Input Current; (V_IL =19.5V), +Vopto=24V, -Vopto=0V: 1.7mA
Maximum Input differential voltage, (+Vopto-V_IL): 26V
Source mode:

On state voltage range (V_IH) with -Vopto = 0V: 4.5V to 26V

Input Current; (V_IH =4.5V) with -Vopto=0V : 1.7mA
Input Current; (V_IH =26V) with -Vopto=0V : 11.5mA

Maximum Input differential voltage, V_IH-(-Vopto): 26V

Response time (sink or source):

Opto turn on delay: 10uStypical
Opto turn off delay: 75uStypical

Programmable Outputs (OUT1,0UT2): Sink or source selectable viajumpers JP1 and JP2.

Sink mode:

Current rating: 50mA continuous.
Maximum collector voltage with -Vopto=0V: 26V max

On state voltage @ 50mA: 2.0V max

Source mode:

Current rating: 50mA continuous.
Maximum emitter voltage with -Vopto=0V: 26V max

On state voltage @ 50mA: +Vopto- 2.0V
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422 TTL I/O or BCD Interface, non-isolated:

IN 11- IN18:
Logic highinput level:
(Open circuit or sourcing voltage) 5V > Vsource > 4.5V
Logic low input level: 1.5V max

OUT 3- OUTE:

These are open-collector, sink only TTL outputs which are NOT isolated from the unit-s+5 V logic supply.
Proper care must be exercised to insure noise is not injected onto these signals.

Active output voltage: .6V max @ 20mA
Permissible output current: 20mA

FAULT Output:

The FAULT output isSINK ONLY, active low. The specifications are identical to OUT1 and OUT2 in sink
mode as listed above.

4.2.3 Serial Communications:

Port 1.
Configurable for RS-232C or RS-485 specifications viajumpers JP4 and JP7. For RS-232 mode RX 1- isused
for receive datainto the unit, and TX 1+ is used as the transmit data out. Port 1 is designated asthe HOST
communications port.

Port 2

Serial channel 2 isfor RS-485 USER communications.

Serial Port Data Format:

Baud Rate: 9600 — 38.4K
DataBits: 8

Stop Bits: 1

Parity: None

4.2.4 Encoder 1 and 2 Connections:

Encoder channel 1 provides power and inputsfor adigital encoder interface to provide servo motor position
to the controller.

Encoder channel 2 provides power and input for an external encoder interface which can be used as an
external master source for electronic gearing, or as adigital position input to a user program when gearing is

not used.

Encoder +5V dc power supply output: +5VDC (+/- 5%) @ 100mA current.

Encoder signal inputs: TTL level singleended or differential channelsA and B in
phase quadrature. Singleended TTL signals, use A+, B+, and
Z+inputs. (Z+ appliesto encoder 1 only)

Input current A+,A-,B+,B-: +/- 5mA min

Maximum Frequency: 500 Khz per channdl @ 2 mssampletime

250 Khz per channdl @ 1 mssampletime
4.2.5 Analog I nput:

Voltage Range: +10V(max) to -10V (min) referenced to AGND
Resol ution: 10 bitsor 19.5mV
Absolute Accuracy: +/- .3V wor st case
Sample Rate: 500 Hz min
Bandwidth: 100 Hz max
4.2.6 Analog +10V Reference
Voltage: +10.00 (+/- 20mV)
Output current source rating: 10mA max
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4.2.7 Servo Monitor Output:

Voltage Range: +10V to-10V referenced to AGND
Output Impedance: 200 ohm max
Output Current: 5mA max, recommended sour cing to impedance > 20K ohm

4.2.8 Internal Jumper Settings:
Also see section 3.1.1.

Seria Port 1 Select (JP4 and JP7s):

Serial port 1 may be configured for RS-232 or RS-485 differential mode operation. Power must be disconnected and
the unit cover removed to access the jumpers located on the controller circuit board. Jumpers JP4 and JP7 must be
set to either the RS232 or RS485 positions asindicated on the circuit board. BOTH jumpers MUST beinstalled in the
same mode for proper operation of serial port 1.

Inputs Sink/Source Select (JP3):

Jumper JP3 sel ects whether the discrete user inputs operate in either sink or source mode. In sink mode the opto
couplersareinternally tied to +Vopto, and the user must provide a sinking connection to -V opto to activate the input
(note reverse polarity of the CLEAR input). In source mode the opto couplers are internally tied to -V opto, and the
user must source voltage and current, preferably from +Vopto, to activate the input.

OUT1 Sink/Source Select (JP2):

Jumper JP2 selects whether user programmable output OUT1 isasinking or sourcing output. With JP2 jumpered
between 1-2 and 3-4, the output operates as asinking NPN transistor with its emitter tied to -V opto, and its collector
available at the output pin. Seethe circuit diagram below. A shunt diode is provided from the collector to +Vopto to
prevent overvoltage conditions from damaging the transistor due to switching of inductive loads.

With JP2 jumpered from 2-3 and 4-5, the output operates as a sour cing NPN transistor with its collector tied to
+Vopto and its emitter available at the output pin. Seethe circuit diagram below. A shunt diodeis provided from the
emitter to -V opto to prevent undervoltage conditions from damaging the transistor due to switching inductive loads.

OUT?2 Sink/Source Select (JP1):

Jumper JP1 selects whether user programmable output OUT2 isasinking or sourcing output. With JP1 jumpered
between 1-2 and 3-4, the output operates as asinking NPN transistor with its emitter tied to -V opto, and its collector
available at the output pin. Seethe circuit diagram below. A shunt diode is provided from the collector to +Vopto to
prevent overvoltage conditions from occurring due to switching of inductive loads.

4.2.9 - Hall Effect Inputs

These are optically isolated inputs for the commutation devices. Theinputs are pulled up to the +5Vdc supply.

Impedance to +5Vdc supply: 1K ohm pullup resistor
Low level current: 4 mA maximum
Low level voltage: 1V maximum
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4.2.10 - Enable Input

This input M ust be connected (sunk) to 5V com and the controller Must set WNDGS = 1 to enable the drive.
Low level current: 7 mA maximum

4.2.11 - Ready Output

Thisisarelay output with NO and NC contacts which activates when the drive is ready to be enabled.
Contact rating: 0.5A @ 24VDC resistiveload

4.2.12 — Motor Specifications

Type: 3 Phase Brushless motor with Hall commutation or an
encoder with commutation tracks. A 5V quadrature encoder
isrequired for servo position feedback.

Voltage: Cabable of withstanding bus voltages of 350 Volts.
Current: TDC330/04 1to 4 Amps continuous, 2to 8 Amps peak

TDC330/08 2108 Ampscontinuous, 4 to 16 Amps peak
Recommended I nductance: 4 mH minimum

4.3 - Hardwar e Equivalent Circuits

The following pages contain equivalent circuit diagrams which represent the physical interface hardware internal to

the TDC unit. These circuits may be used as areferenceif questions arise during detailed system design and
integration. These diagrams are intended to represent the TDC interface circuitry as accurately as possible, however we
reserve the right to make minor improvements which may change the exact nature of the circuitry

while not degrading functionality.
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Inputs 1-10 : Inputs 11-18
1K | O +5V
IN 1-10 >—VW—] *K_ |
e E §4_99K
éK LI 11-18 AAA——2 |
4IP3 sink i
+VOPT 1oF—-+ ! 001 <3eK
3 O“""‘”’I :
—VOPT >——3q] !

i e -14v Lotch
__________________________________________ 4:_________________________________________
OUT1/0UT2 Sink JopT | OUT1/0UT2 Source

+ | +VOPT
JF1/9PE i JP1/ P2
— | 59 ' O ===
oF---= e ! 5 3
}I»?K oo | }:{K L
— oF—— R Gl
Z DI ' S1Of===-<
! i T
10K | Q
—VOPT | ~VOPT
—<oum/ourz < OUT1/0UT?
FAULT QUTPUT |
! Outputs 3-6
+VOPT | SRS
| +5v
: O
—f . ——< FAULT i 7408
_}_,,( ) | b DUT3 - DUTB
10K i
L ¢ -VOPT -

|/O Equivalent Circuits
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Port 1 TX/RX (RS232)
+5V

;2%

Port 1 TX/RX (RS485)
+5V

giﬂk

RX1+ i RX1+
76176 RX | 7.49K 75175 RX
RX 1= >R | RX1- >—A
2.49K 2.49K IP7Rg485 ' 2.49K
15 ! 2.49K JP7RGS485
AOF---1 | | T1Of---
[ of=
= Rszsz J_—T_ RS5232
TXEN X EN
TX1- ] L TX- _
X | —TX
P4 RS485 i P4 paag
B i
Xt 101 X+ %ﬁ
_.O _____ |
1 ]
RS232 ; ‘ RS737
3 .

Port 2 TX/RX (R5485)
-I-V

TX2-

Communication Equivalent Circuits
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|
Encoder 1 i Encoder 2
|
+5V | +5V
! O
i
1K & 1K | 1K S 1K
|
A1+ & i A2_|_>_
75175 A ! A
Al— >— i A2 —> J
1K§ i 1K§
- ! —
+5V 5 +5V
: O
1K 2 1K . K S 1K
B1+ * i B2+ >—
75175 B | B
B1— >— ! B2 - >— c
1K§ i ‘IK%
|
+5;/ | i
% |
|
1K > 1K !
21+ >— |
Z :
Z1— >— : |
|
|
|

Encoder Equivalent Circuits
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Section 5

Programming
Environment

PC Programming Environment
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5.1- PROGRAMMING

5.1.1 - GENERAL DESCRIPTION OF
PROGRAMMING

Programming of any sort requires planning and forethought.
Programming your Controller is no exception. This section
provides aidsto facilitate your planning process.

5.1.1.1 - What is Programming?

A programisalist of discrete lines or command strings that,
taken together in sequence, provide the information needed
to get amachine to perform your predetermined sequence of
instructions. These instructions can, in the case of Pro-
grammable Motion Controllers, cause the motor to move at
certain speeds and for given distances, read various inputs
or set outputs, all used to accomplish different machine-
related tasks.

5.1.1.2 - What'sin a Program?

A program consists of many individual linesorganized in a
prescribed sequence. The TDC system uses an English
language, BASIC-type computer programming language
(SEBASIC).

This makes it easy and intuitive to write and read machine
control programs. SEBASIC supports many higher level
language features, such as statement labels, subroutines,
for-next and do-while loops for program flow control. This
makes it easy to write concise, well organized, easily de-
bugged programs. Also, there are built in mathematics,
Boolean functions and two dimensional array capability.
Finally, the motion, 1/O, and timing commands are easy to
understand, remember and apply.

In addition to lines of program, the controller uses and
saves a series of set-up parameters. These parameters are set
by the user in the Configuration & Setup section of the
project.

5.1.1.3- How isthe Controller

Programmed?
The programming environment called MCPI is supplied on
adiskette. This software provides an easy to use environ-
ment for developing a user project. Detailed instructions on
how to install this software on your PC are provided in this
manual.

5.1.2 -What are Host Commands?

These commands go straight from your input device (PC or
terminal) to the controller. These commands allow parame-
ters to be set or interrogated, motion to be started or
stopped, and program execution to be started or stopped,
etc. .
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5.1.3- Memory Types and Usage

A program is stored in memory. There are two kinds of
memory. RAM (Random Access Memory) iscalled Volatile
M emory because when power is removed from the control-
ler, al of theinformation in that memory arelost. The Con-
troller stores the program variablesin RAM.

The second kind of memory isNon-Volatile Memory, such
as FLASH memory, EEPROM or BBRAM memory. The
information stored in thistype of memory is not lost when
power isremoved. FLASH memory isused by the controller
for storing the Operating System as well as the User Pro-
gram. Battery-backed ram (BBRAM) is used for NVR stor-

age.

Up to 400 REAL and/or INTEGER data |locations are avail-
ablefor storage. These locations can be accessed from either
host or basic programming commands. A checksum is
developed and stored for each stored NVR location. Thus,
dataintegrity is checked each time an NVR location isread.
If the data checksum does not match during an NVR read an
NVR datacorrupt error (138) isgenerated.

A Controller program can have hundreds of lines of code.
Codeis simply an organized listing of program commands.

Because of the wide variety of program commands it is
impossible to state how many lines can be stored in the
controller. The amount of free memory remaining can be
obtained with the FREEMEM host command.

5.1.4 - How to organize your Project

A project consists of a Configuration & Setup section and
the user program. The Configuration & Setup section allows
access to project related parameters and conditions via
folders. The user program performs your predetermined
sequence of instructions.

A good program will consist of an initialization, main pro-
gram, Interrupt routines, Subroutines and an Error Handler
sections. The Interrupt routines, Subroutines and Error
Handler sections are optional. A Program Development
Block Diagram is depicted on the following page.

5.1.4.1 - Initialization Section

The variable names and data types(Integer, Integer Array,
Real and Real Array) are defined. Also the condition'swhich
will trigger theindividual Interrupts (INTR1-INTR4) may be
defined. These commands apply to the TDC controller only.

The ACCEL, DECEL, SPEED, FOLERR and WNDGS vaues
should be set in this section also. Comments may be added
to make the program easier to follow and understand. The
apostrophe, must be used at the beginning of the comment
so that it will not be confused with the program statements.
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Examplelnitialization Section:

INTEGER ab(100),c(10,3)
REAL  de(50)f(54)
STRING  x$,y$, 25

Integer variable

Integer array single dimension
Integer array two dimension
Red variable

Real array single dimension

>
>
>
>
>
> Real array two dimension

DO QO T

ONin(1)=1INTR1
> End of Initialization example
1,2,5,100

245, 31415, 10.735
Any ASCII character

Examples of Integer values are:
Examples of Real values are:
Examples of String values are;

Note: all arraysarezerobased. That is, the first element of
the array has an index of zero,, b(0) for example. The chart
below shows two arrays. Array b is a single dimensional
array of 101 elements. Array cisatwo dimensional array of
44 elementsin an

11 x 4 arrangement.
range dement size
b(0) - b(100) 101
¢(0,0) - ¢(10,3) 14

The ON in(1)..... linetellsthe controller to Goto label INTR1
when in(1) isactive. Thiscondition isonly checked after an
INTRON1 command activates the interrupt checking.

Thisisonly asimple example of an Initialization Section. The
Programming Reference should be studied and understood
before you write your own application.

5.1.4.2 - Main Program Section

The main program section should be placed just below the
initialization section of the program. This section can use
labels and any programming commands which may not be
listed in theinitialization section. Labels, however, cannot
have the same name as programming commands. This sec-
tion must be ended with an END command.

5.1.4.3 - Interrupt Routines

The Interrupt routine section is optional. Interrupt com:
mands are powerful tools which instruct the program to
check specified conditions after executing every program
line. If the conditions are true, the program automatically
jumpsto aspecial interrupt routine which performs a desired
program function. This section is only required when the
ON .... INTRn command and INTRONN commands are used.
This routine starts with a specific interrupt label (INTR1,
INTR2, INTR3 or INTR4) and ends with a RETURN com+

PC Programming Environment

mand. These commands apply to the TDC controller only.

Interrupt conditions are only checked when the given inter-
rupt is enabled. Each of the four possible interrupts is
enabled using the associated INTRONN command. If the
interrupt condition istrue while the interrupt is enabled, then
the routine INTRn will be executed. The INTROFFn com+
mand will disable checking of the interrupt condition.

note: nisavaue 1-4.

5.1.4.4 - Subroutines

The Subroutine section is optional. This section is only
required if subroutine calls (GOSUB commands) are used by
the project. Subroutines start with alabel which isthe sub-
routine name and ends with a RETURN command. The
program statements in between can be any programming
command.

5.1.45Error Handler

The Controller will handle error conditions during program
execution in one of two ways:

1) The program jumps to a specia routine labeled
ERROR_HANDLER which must be written by the user
specifically for the application. The ERROR_HANDLER
label must be located at the start of the routine and the
routine must terminate with an END or a GOTO statement.
Any valid programming command with the exception of the
ON.INTRn commands may be placed within the
ERROR_HANDLER routine.

2) If nouser ERROR_HANDL ER routine exists, the program
will terminate when an error condition occurs.
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Program Development Block Diagram

Main Initialization

INTEGER varname, ... varname
REAL varname, ... ,varname
STRING stringname$, ... , Stringname$ Configuration & Setup
optional ON [condition] INTR1
optional ON [condition] INTR2
ACCEL=

DECEL=

SPEED=

FOLERR=
WNDGS=1

Main Program

optional LABEL_NAME:
GOSUB SUBNAMEL
GOSUB SUBNAME2
Other Program statements
END

optional Interrupt Routines

INTR1:

Program statements
RETURN
INTR2:

Program statements
RETURN

optional Subroutines

SUBNAMEL:
Program statements
RETURN

SUBNAME2:
Program statements
RETURN

optional Error Handler
ERROR_HANDLER:
Program statements

optional GOTO LABEL_NAME
END
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5.2.6 - Terminal Emulation

Before entering the Terminal Emulation environment, set up
the communication port parameters by clicking on the Sys-
tem menu and then the Terminal settings item. Choose the
appropriate Com port, baud rate, terminal emulation, and
echo mode from the Com Port Screen by clicking on one of
the circlesin each section.

Com Port Screen

Com Port Settings & Terminal Emulation Mode ]

r Com Port —Baud Rate — Emulation ~Echa

O Com port 1 ) 4800 Baud O TTY O Echo

) Com port 2 Q 9600 Baud O ANSI O Noecho

O Com part 3 C 19200 Baud O vTs2

) Com port 4 ) 38400 Baud ) WT100 TRTS Contral
Q Always On
O Always OFf
) On during tranzmit

CAUTION: Some PC's will support baud rates ower 9600, Unless yours does, then use 9600;
othemwize, some characters may be lost during transmission.

Cancel |

To program the buttons on the Terminal Emulation screen,
Click onthe System Menu and then on the Terminal se-
tingsitem.

System Menu

Click on the Buttonsitem. Click on drop list arrow and select
button number. Click on Caption text box and enter the
button caption text. Click on Text box and enter the com-
mand line text. If motion and program execution is to be
stopped after the buttons command is executed, click onthe
Cntrl Cor Cntrl A check box. See the Host Command
section of this manual for a more detailed description of
Cntrl A and Cntrl C. If command is to be allowed during
program execution click on Add ESC check box. Click onAdd
CR check box if not Cntrl C or Cntrl A command.
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Buttons Screen

Button configuration

Button: | 1 - Run Program |é|

Caption: | Run Program

Text: |RUN
AddcR X Cntdl T
AddESC T Crtrl & T Quit

To select the Font and Colors for the Terminal Emulation
screen Click on the System Menu and then on the Terminal
settingsitem. Click on the Fonts and color sitem. Select the
desired Font, Style, Font size, Background color and Fore-
ground color for the Terminal Emulation environment. When
finished, click onthe O.K. button.

Fontsand Colors

To Enter the Terminal Emulation environment click on the
Terminal command button.

Terminal Emulation Screen

M TTY Terminal COM1:9600.n,8.1 [_ (O[]

4 3

RUN DIRECTORY REWISION ERROR STOP PROGRAM
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5.2.7 - Configuration & Setup Folders
The foldersfor the Configuration & Setup are accessed by
clicking on the Configuration command button. These
folders allow project setup conditionsto be programmed. A
folder can be accessed by clicking on the folder tab.

Note: Clicking on the Save changes command button saves
thecurrent folder data.

Clicking on the Exit Configuration & setup command
button can be used on any folder to exit the Configuration &
setup. If any of theitemsin thefolder have been changed, a
query will occur which will give the user the option of
saving thefolder data.

Clicking on another folder tab, will allow entry into that
folder.

5.2.7.1 - System Folder

This folder specifies the Task assignment for each motor,
Drive type, motor direction for a + move and defines the
units per motor revolution.

W Asis Configuration H[=] E3

Mechanical home
Mark registarion

Contrller ype [Gpatem l Profile T S s I Encader T

Servi drive

Matar Direction Units per motor
revakiion
Aie 1 | += cw mator direction H 10
Exit configurtion Save changes |

System Folder TDC Controller

The Motor direction setsthe motor direction for a + move.
The choices are: + for cw motor direction or + for ccw motor
direction asviewed from the non-mounting flange end of the
motor.

The desired Units per motor revolution value should be
entered. A unit isthe method of measurement to be used, i.e.
inches, mm, degrees, etc.. This setsthe number of user units
for one motor revolution. Move distances and position
values are in units, Speeds are in units/second and Ac-
cel/Decel values are in units/second’.

Example:

If amotor isdirectly coupled to alead screw which hasa0.8"
pitch, the units per motor revolution should be set to 0.8.
The user may now write his program with distances in
inches.

PC Programming Environment

5.2.7.2 - Profile Folder

Thisfolder selects the motion profile, default speed, accel-
eration rate, deceleration rate, maximum acceleration rate,
maximum speed, and minimum time between motions.

Motion Profile determines how the motor's speed changes.
Speed changes require a period of accel/decel to in-
crease/decrease the motor's speed. The "Maotion Profile"
determines how the accel is applied. The MX controller has
two choices: trapezoidal or "S' Curve. The TDC controller
has 32 choices. Inthe TDC, aprofile setting of 1 resultsin
a "Trapezoida" profile. This profile yields the minimum
move time. Settings 2 - 32 yield "Scurve" profiles with
varying degrees of "S". The higher the profile setting, the
more"S" like the profile. Movetimeswith profile settings
2- 32 arefrom 2 to 62 mslonger respectively than those with
asetting of 1. The"S-curve" profiles usually results in
smoother motion at the expense of longer move times.

Profile Folder

Max Acceleration sets the maximum allowed accel eration or
deceleration in units/sec®. Thisvalueisalso used to decel-
erate motion to a stop when a fault such as a travel limit
occurs.

Max Speed sets the maximum alowed target speed in
units/sec. Speed, Accel, and Decel can be reset within a
program as long as the value used is less than or equal to
the max speed and max accel respectively.

Delay after motion parameter sets the minimum time, in
seconds, between two moves.
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5.2.7.3 - Encoder Folder

This folder allows the Encoder type, Encoder direction,
Encoder resolution, and pulse count to be modified.

Encoder direction determines how the encoder rotation
direction isinterpreted. If themotor Arunsaway@ it is often
dueto thewrong setting for thisparameter.

Encoder line count defines the encoder resolution in lines.
Encoder 2 line count defines the external encoder resolution
in lines per encoder revolution. For aquadrature encoder the
counts per revolution are 4 times the number of lines. An
Encoder with 1000 lineswill provide 4000 counts/revolution,
or quadrature counts. Set this value to the encoder line
count of the motor. Note; In electronic gearing mode the
mechanical ratio of the slave motor to the master encoder 2
is specified using the GEARRATIO command.

Encoder Folder

5.2.7.4 - Servo Drive Folder

Thisfolder allowsthe following to be modified: the PID loop
gains, acceleration feed forward gain, velocity feed forward
gain, integra limit, following error, sample time, and e-
able/disable integration during motion.

Proportional gain determines the size of the proportional
term for agiven position error. The unitsfor KPis millivolts
per encoder count.

Integral gain determines how fast the integral term grows
with non-zero position error. The units for KI are millisec-
onds. The growth rateisinversely related to the value of KI.
For exampletheintegra term grows 5 times faster with Kl =
10thanwith KI =50. A special caseisKI =0, which disables
the integral action and sets the integral term to zero. When
thedriveisdisabled, theintegral termis set to zero. Setting
K1 only affectsthe gain for the integral term.
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Derivative gain determines the derivative gain and affects
the gainsfor the velocity and feed forward terms. Thisgain
is specified in milliseconds.

Veocity Feed Forward can be used to reduce the position
error during motion and is specified in percent. It does not
affect system stability. The minimum error occurswith KVFF
near 100%. Setting KVFF only affectsthe gain for the feed
forward term.

Integral limit limits the contribution of the integral term to
the servo loop's output. The limit can be set between 0 and
319 voltsinclusive.

Following error defines the maximum error allowed during
motion in units. Following error for the TDC must be set in
the user program.

Sampletime determines how often the servo loop output is
updated. The possible settingsare 1 or 2ms. Use1 ms. if the
encoder count rateis above 1,000,000 counts/sec.

Integration during motion determines whether the integral
term contributes to the servo output during motion. If
enabled, the integral term is always active. If disabled, the
integral termis active only when motion is not commanded.

Servo Drive Folder

M Axis Configuration [_ O]

Controller type

Profile

System Encoder

o]

Meshanical her
Mark registartion

Froportionsl gain
(millvoltsizount)

Integral gain
(msec)

Derivative gain
(msec)

Welocty feed
forward (%)

Integral limit
(volts)

Sample tin
(millsecor

Axis 1|00 0o on 0o 1000 1 msec. sz

Ezit configuration Save changes

Servo Drive Folder (Cont.)

PC Programming Environment



5.2.7.5 - Mechanical Home & Mark
Registration Folder

This folder specifies the trigger for the mechanical home
(MOVEHOME), the trigger for the mark registration
(MOVEREG) cycles, and the mark registration cycle travel
limit.

Mechanical Home trigger & Mark Registration trigger
specifies the trigger for the cycle. There are two trigger
inputs EVENT 1 and EVENT 2 which can be used as atrig-
ger.

The trigger combinations for mechanical home and mark
registration are:

Event 1 active (rising edge of Event 1 input)

Event 1 inactive (falling edge of Event 1 input)

Event 1 active & encoder marker (Eventl =1 andenc. marker
:1)

Event 1 inactive & encoder marker (Event1 =0 and
enc. marker =1)

Encoder marker active (rising edge of enc. make
input)

Encoder marker inactive (falling edge of enc. marker input)
Event 2 active (rising edge of Event 2 input)
Event 2 inactive (falling edge of Event 2 input)

In the above selections the & signifies that BOTH condi-
tions must exist for the trigger to occur.

Mechanical Home & Mark Registration Folder

M Axis Configuration

Profilz

trovsiioge | Mechanical home!
| Mark registartion

Encoder

= ]

Cantroller tupe: System

? T Serve diive T

Mechanical hame trigger Mark registration trigger |

Axig 1 | event! active | event2 active

Save changes

5.2.7.6 - I/0O Folder

Thisfolder isused by the TDC controller only.

Inputs 3-7 can be assigned as general purpose inputs or as
dedicated functions. Also, the auto program start can be
enabled or disabled, and the host baud rate for the User
position on the TDC can be programmed.

Input 3 (Himit) andInput 4 (-limit) can be configured as hard
limit inputs or as general purpose inputs. As limits, the
active signal level can also be configured as either active on
switch closing or active on switch opening.

PC Programming Environment

Inputs 5, 6 & 7 can be collectively configured as general
purpose inputs or as Run, Clear and Feedhold functions
respectively.

Run-  Program execution is started using the run input or
the host "RUN" command. At power up an active
run input will start program execution unless the
clear input isinactive. Following theinitial power
up, an inactive to active transition on the run input
does the following:

If the Feedhold state is set, and the Feedhold input
isinactive then Run clears the Feedhold state, oth-
erwise Run simply starts the user program.

/O Folder
& i Configuration @I

Controller type:

System Encoder

f
T Serva diive T

Mecharical home o
Mark registartion
InpLt 3 assignment Input 4 sssignment Input 5, 6 & 7 assionment Program auto start—
+limit active on switch closing |2 - limit active on switch clasing user program testable disabled
_>|J
Exit configuration Save changes

I/O Folder (Cont.)

& Asis Configuration

Profile Encader

Controller type System Frady

P ¥ Mechanical home
T SEEdE I I Mark registartion I D
InpLt 4 sssignment InpLt 5,6 & 7 assignment Program auto start Huost baud rate
- limit. active: on switch closing user program testable disabled 5600
‘ ot
i Exit corfiguration Save changes

Clear- Aninactive clear input will stop program execution.
The Clear input has the opposite polarity from
other inputs, and the Clear function isenabled if
thepin isleft floating. If motion is occurring, the
motor is decelerated to a stop using the maximum
accel/decel value, and the Feedhold state is
cleared. Run and Feedhold commands areignored
aslong asthe clear input isinactive.

Feedhold An active Feedhold input setsthe  Feedhold
state. When the Feedhold stateis set, motion is decelerated
to a stop using the programmed DECEL. When the Feed-
hold state is cleared by a Run command the motion is
resumed. The Feedhold state remains cleared if the Clear
input isinactive.
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The Program auto start feature may be enabled for a power-
on condition or reset command. The user may enable this
feature to allow the program to start executing upon a power
up or reset condition automatically. The Host baud rate may
be set to 9600, 19200, or 38400. Once the corresponding
Project is downloaded into the TDC controller, thisrate will
be used for serial communicationsto the Host (usually aPC)
if and only if the Baud Rate Switch on the TDC unit is set to
the User Baud position. After downloading, the new baud
rate will take effect upon power up or reset. If the baud rate
switch isin the 9600 position, all communicationswill occur
at 9600 Baud.

5.2.8 - Preparing User Project

for Execution
In order to execute a project program it must first be com
piled and Downloaded to the controller. The project source
code can be recovered from the controller aswell.

5.2.8.1 - Project Source code

The Project Source Code is the English version of the user:s
program. If the users program needs to be uploaded from
the controller at any time, ASave Source Codel must be
enabled. The Source code of a project can be saved in the
controller. However, the source code uses up program
memory in the controller. The selection for source code
saving is accessed by clicking on the System menu. The
Save source code setting can be toggled by clicking on the
Save sour ce code item.

Note: Saving source code in the controller requires alot of
program memory. If the users program is extremely long it
may not be possible to save the source code. See the
FREEMEM command for more information.

Project Source Selection

5.2.8.2 - Setting Project Debugging

To select the task to be debugged click on the Compile
menu and then on the Debugmode item. Then select the task
by clicking on the task name. The project must now be
compiled and downloaded before task debugging can begin.
To cancel the debugging mode selection click on the Com-
pile menu and then the Release mode item. To completethis
cancellation the project must now be re-compiled and then
downloaded.
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Compile Menu

Debug Task Selection

Select task to debug B

O Mone

O MIG_TDC.TSK
O e d oot e
O Tk 3ot s
C i

C s

C i

ok Cancel |

5.2.8.3 - Compiling a Project

A project can be compiled by clicking on the Compile Com:
mand button or on the Compile menu and then the Compile
project item.

5.2.8.4 - Downloading a Project

A project can be downloaded with or without its source
code by clicking on the Download command button or
clicking on the Download menu and then the Download
pr oj ect item.

5.2.8.5 - Uploading Source Code

A projects source code can be uploaded from the
controller to the PC by sdecting the Upload Source
item from the Download menu. A project can be
uploaded from the controller ONLY if it had previ-
oudy been saved in the controller. See section
5.2.8.1.

Download & Upload Project

[l Tl LIkl Susztern Window Help
Download project [C:AMCFINMIG_TDET.PR]

Diowenload Operating System. ..

nit id rumber
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5.2.9 - Downloading an Operating
System

New operating system software which runs the controller
can be downloaded by clicking on the Download menu and
then the Download Oper ating System item.

The operating system file, with extension bin, can be se-
lected by clicking on the desired file name. To start the
operating system download procedure click on the OK
command button.

Note: The file names for the different controllers start with
the following letters: mx for the MX 2000 controller, dcs for
the DCS controller andtdc for the TDC controller.

Download Operating System Selection

Operating System File Selection

Dperating system download - use BIN extension EHE
File name: Folders:
[tdc1_20.bin c:Amepi

= Cancel |
des4_00.bin = et =
dxil_10.bin &5 mepi Network...

mx4_00.bin
:tdel 20 bin

Lizt files of type: Drives:
Il]pelaling spstem [’_BIN]j I = o j

5.2.10 - Other Menus

The MCPI menus are pull down menus. Clicking on amenu
shows an itemized list of operations allowed for that menu.
The menus are: Project, Task, Edit, Compile, Download,
Utility, System, Window and Help.

5.2.10.1 - Project Menu

This menu alows you to create a new project, open an
existing project, save acurrent project, add or remove atask
from a project, open the configuration & setup environment,
print a current project, or exit the MX2000 - TDC program-
ming environment.

PC Programming Environment

Newis used to create a new project.
Open isused to open up an existing Project.
Save is used to save the current project.

Save as is used to save the current project under a new
name.

Remove task is used to remove a task file from an open
project.

Add task is used to add afileto acurrent project.

Configuration & setupis used to edit the Configuration &
setup folders.

Print project isused to print acurrent project:s information.

Export project is used to export a current project to another
drive or directory.

Import project is used to import a selected project from
another drive or directory into the MCPI Environment.

Exit is used to exit the MCPI programming Environment.

Project Menu Items
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Update Gainssends the current servo gainsto the controller.
M ove Responsecreates alogged move cycle.

Shutdown disables the servo output voltage.

Drop List
Display Drop list selects the logged item to be displayed.
Text Boxes
Kp displays the current value of the proportional gain.

Ki displaysthe current value of integral gain.
Kd displaysthe current value of derivative gain.

Kvff displaysthe current value of the velocity feed forward
gain.

IntLim displays the current value of integral limit.

5.2.14.1 - Auto Tuning

Before a servo can run properly, the servo gains Kp, Ki, Kd,
and Kvff must be set up to yield the appropriate move
response. The controller has the ability to automatically set
the servo gains using an automatic tuning procedure The
auto tuning environment is accessed by clicking on the Auto
tune command button.

There are several stepsto the automatic servo tuning proc-
€ss:

1) Measure System Gain.

The system gain is ameasure of the overall responsiveness
of the system. Higher inertia and/or lower torque yields
lower system gain. Lower inertiaand/or higher torque yields
higher system gain. The system gain number is used when
the software calculates the servo gains. In order for the
motor to track agiven profile response, the lower the system
gain, the higher the calculated overall controller gain will be
to compensate and vice versa.

Clicking M easure System Gain instructs the controller to
provide a“bump” of torque to the motor. Three parameters,
Output, Speed, and Distance Limit are used to measure
system gain.

When the Measure System Gain
button is clicked, the motor will
move quickly and abruptly for a

Caution short distance.

The Output text box is used to select the amount of voltage
that the controller will use to bump the motor. The range of
the Output is 0 to 10 volts where 10 volts represents peak
torque. Typically the default parameter of 2 volts is ade-
quate, although some large inertia systems may require the
Output be set to 3 or 4 volts.

The Speed text box is used to select the target velocity for
the gain measurement. During gain measurement, the output
torque will be applied to the motor until the speed set hereis
reached. The default speed is usually sufficient.

Thevaluein the Distance Limit text box limits the distance
that the motor will turn during the gain measurement. If the
distancelimit isreached before the motor reachesthe speed
indicated, or if the speed cannot be reached with the voltage
entered, an error message will appear. If an error appears, try
increasing the distance limit or raising the voltage output
dlightly.

Generally, the default parameters for these three parameters
should be used during the gain measurement.

If the gain measurement is unsuccessful, verify that the
motor moves properly with a constant torque command
applied. This may be done by using the Apply Voltage
button in the manual motion area of the auto tune screen.
Clicking the Apply Voltage button will output a constant
torque to the motor proportional to the command voltage.
Start with zero and click on the up or down arrows to apply
positive or negative torque respectively. Unless the system
has high friction, the motor should begin to move with less
than one volt applied. Check that the motor torque is smooth
and continuous in both directions by applying small
amounts of positive and negative voltage.
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gain measurement-------

View Logged Data

Left cursar

i |

Right cursor

I

0.0

0.0

0.0

0.0

Cutput

ID_D wvolts
Speed ID_D units{sec
Distance ID_D units

System Gain

| 10 rewvs fsec?ivalt

Bandwidth

Lirmit |3U E hertz

Comrmand Yoltage

ID-D % volts
Apply Yoltage !

manual motion

| teasure System Gain |

| Calculate Servo Gains | Done

gain calculation

2) Set the Bandwidth

The system bandwidth is essentially the maximum frequency
of excitation the system will respond to. Generally, higher
bandwidth systems are “stiffer” or “tighter”. Lower band-
width systems are “soft” or “sluggish”. Generally band-
widths range from 10 to 60 Hz (cycles per second). The auto
tuning procedure uses the bandwidth setting along with the
measured system gain to calculate the appropriate servo
gains for the system. The default bandwidth of 30 Hz is
usually a good starting point, although sometimes the it
must be lowered to achieve a stable system, or raised to
achieve afast enough response.

3) Calculate Servo Gains

Clicking the Calcul ate Servo Gains button will use the band-
width and measured system gain to calculate the Kp, Ki, Kd,
Intlim (and Kaff if applicable) parameters. These fields will
be updated after the calculation is complete. Click Done to
return to the main servo tuning screen.

4) Update Gains

Clicking Update Gains updates the gains to the controller
immediately. Caution! Updating the gains may change the
dynamics of the system such that it becomes unstable and
oscillatory. If aloud buzzing or vibration occurs after up-
dating gains, the Shutdown button should be clicked. It's
also possible that a fault will occur if the oscillation over-
taxesthe servo drive. In this case you will haveto enter the
terminal screen and clear the error by typing ERR or ERRM.
If necessary, re-enter the auto tuning screen and lower the
bandwidth and re-cal culate the servo gains. Now update the
gains again. Repeat this process until the system is stable
and will smoothly resist loading in both directions.

5) Motion Setup
Clicking Motion Setup allows test motion profile parameters
to be entered so that the proper motion response may be
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verified. Accel, Decel, Speed and M ove Distance parameters
describe the move that the motor will try to follow during the
test. Units of measure are used form the system folder
located in the Configuration screen. The display time is
adjustable so that shorter or longer moves may be fully
displayed. Click Doneto leave the motion setup screen.

6) M ove Response

Once the motion setup is complete, the system is ready to
attempt to execute the move. Clicking M ove Response will
command the motor to execute the move profile as described
in the motion setup screen. The controller will log the
response of the motor and display the results on the screen
graphically. The position error, torque command, encoder
velocity, etc. may be viewed by clicking on the drop down
list at the top of the window. The displayed graph of the
position error is the error based on quadrature signal feed-
back from the encoder (for example there are 4000 counts or
pulses per revolution on a 1000 line encoder).The response
may be observed to verify proper performance for the pro-
grammed profile. If the response is acceptable, Quit the
servo screen and Save the configuration. Y ou will now have
to Compile and Download the project for the new servo
information to permanently take effect.

7) Integrate During Motion

This feature allows you to select whether the integration
gain isused during the profile motion. Enabling the integra-
tor during motion will reduce your position error at speed,
but may cause some unacceptable overshoot in the e
sponse. Some controllers alow you to set this parameter in
the servo tuning screen, while others require that you
change it in the Servo folder in the program configuration
(be sure to compile and download the project each time you
change the configuration or the change will not take effect).
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Thefigure below shows a stabl e response with and without Note, your screen may look slightly different, but the re-
integration during motion enabled. sponse display will beidentical.

Yiew Logged Data E

Left cursor _ — I Right curzor
0000 s IAxls 1 Position emor [cntg) 800,000 me
Zoom 2800
Save graph
oo
Graph setup v
Frint
Quit -250.0
0.0 ms 200.000 mz 200.0 mz
Kp rm medent
Auta tune
Ki [150467 | ms M‘, 5
Mobion Setup
kd  [3o023¢ | me
Update Gaing Shutdown
tove Besponze
kuff |?|:|,u &
|ntLim I 1000 vaolts

Stableresponse with integration during motion disabled.

View Logged Data
Left cursor - — 3 Right curzor
0000 me | Axiz 1 Position error [cnts) 800,000 ma
Zoom 114.0
Save graph
0o AN
Graph setup W
Frirt
Huit -114.0
0.0 mz 800.000 ms 8000 mz
Kp w i foht
Ak tune
Ki [15.0467 | me M‘_ :
Motion S etup
Kd  [90234 | ms
Update Gains Shutdown
tove Bezponse
okt im_u b4 —
IntLirm ; 100.0 volts

Stableresponse with integration during motion enabled.
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8) Vdocity Feedforward response with Kvff set to 0%, 50% and 100%. In all three

This term reduces the error during motion. It should typically cases the ntegration during motion was disabled.
be set between 50% and 100%. The figures below show a

View Logged Data
Left cursor _ — 3 Right curzor
0000 s ]Axls 1 Position emor [cnts) 7597 000 ms
Zoom 360
Sawve graph
oo
Graph zetup
Frint
Guit -736.0
0.0 ms 792000 mz 8000 mz
Kp w medent
Auto tune
Ki [15.0467 | ms M‘_ :
Mation Setup
k.d ; 9.0224 Mg
Update Gaing Shutdown
tove Rezponze
fe sk iD.EI 4 —
[ntLim ; 100.0 woltz

Responsewith Kvff =0%.

View Logged Data
Left cursor _ — 3 Right curzor
4 000 ms ]Axls 1 Position emor [cnts) 00,000 ms
Zoom 3810
Sawve graph
0o
Graph zetup
Frint
Guit -381.0
0.0 ms T96.000 mz 8000 mz
Kp m medent
Auto tune
Ki [15.0467 | ms M‘_ :
Mation Setup
k.d ; 9.0224 Mg
Update Gaing Shutdown
tove Rezponze
fe sk 350,0 4 —
[ntLim ; 100.0 woltz

Same profile as above with Kvff =50%. Notereductionin error.
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View Logged Data [ <]
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Sawve graph
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Frint
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Stable response profile.

View Logged Data
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Ungtableresponse (dueto Ki to low).
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Yiew Logged Data

Left cursor
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Sawve graph
Graph zetup

Frint
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Auto tune
totion Setup
Update Gaing Shutdown
tove Rezponze

Shows unstable response (dueto Kp and/or Kd too high). Note“fuzz’ from motor “buzzing”.

Kp:

Proportional gain. This gain is multiplied by the position error
and thus contributes proportionally to the output torque. Gener-
aly, the higher Kp, the lower the error at any time during the
move. However, if Kp is too high, the system can overshoot
severely or “buzz” loudly. Thistype of buzzing instability may be
seen as “grass’ on the error response curve in the move re-
sponse screen. In this case, Kp should be lowered. Kd may also
be lowered, but to alesser extent.

Generally the range for Kp is 10 to 150. Kp less than 10 will
usually produce a soft or sluggish system. Kp over 175 produces
adtiff system, but one that may be approaching instability. Note
these are general ranges, not absol ute requirements.

Ki:

Integral gain. Thereciprocal (1/Ki) of thistermismultiplied by the
sum of the position error over time. The effect of Ki isthustime
related, and affects the steady state error. The higher Ki, the
longer it will take for the controller to “integrate out” any steady
state error. The effect of Ki is seen mostly at constant speed
(including standstill). Ki isNOT required for stability, and gener-
ally hasade-stabilizing effect on the system, especialy if itistoo
low. If Ki is TOO LOW the system may oscillate slowly and
wildly back and forth like a washing machine. Ki is required,
though, if the system must achieve avery low steady state error
(within afew counts).

The general range for Ki is 10 to 70. Ki less than 10 may lead to
wild, low frequency oscillations. If steady state error is not a
consideration, Ki may be set to zero. Ki is often disabled during
motion to reduce overshoot at the end of the move.

Kd:

Derivative gain. Thisterm is multiplied by the encoder velocity at
any point in time. Generally, raising Kd will reduce overshoot in
the move response, however, Kd isthe term most susceptible to
“digital instability”. Thisiswhere the quantization effects of the
digital encoder feedback in conjunction with too high aKd cause
the system to “buzz”.

The general rangefor Kd is5to 20. Kd lessthan 5 usually leads
to an unstable system, Kd >20 usually leads to “buzzing”.

K vff:

Feedforward velocity gain. This term is multiplied by the com
manded velocity to contribute to the output torque command. It
has no effect on general stability, and may be set as high as 100%
to reduce position error during motion. Too high a Kvff causes
undue motor heating.

Generally, Kvff should be set between 50 and 100.

Kaff:

Some controllers have aKaff term. Thisterm ismultiplied by the
commanded acceleration to contribute to the output torque
command. Thisterm only takes effect to reduce the error during
accel eration and deceleration. Generally Kaff islessthan 4. Most
applications will run fine with Kaff set at zero.

Adjustment based on auto tune calculation:

It isusually desirable to use the auto tuning gains as a starting
point for further adjustment. If the system is unstable at agiven
bandwidth, the bandwidth may be lowered, and the auto tuning
run again. If the move response at this lower bandwidth is unac-
ceptable, the following procedure may be attempted.
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Set bandwidth to 25 Hz and calculate gains. Then

1) Update gains and energize system .

2) If the system “buzzes’, lower Kp by 50%, and Kd by 25%.

3) If the system no longer buzzes, check your move response.

4) If the move response over shoots too much, or the system
buzzes sometimes, then lower Kp until the buzz goes away
and the overshoot is acceptable.

5) Check your move response, and set Kvff between 50-100%.
This should reduce the error during the move, and may also
improve the overshoot.

6) If the response is well behaved, but sluggish, raise Kp in
increments of 2 until acceptable responseisachieved. If the
system ever “buzzes’ Kp must be lowered again.

7) Verify proper response.

8) The system should now be stable and well behaved.

5.2.14.3 - Full Manual Tuning Adjustment

Although it is much more involved, the servo can be tuned “from
scratch”. The trick here is to be very patient and methodical.
Make sure to record each change and its resultant effect on the
response. To set up the move, use the Motion Setup as previ-

ously described (make sure the motor is sized properly to handle
the accel erations and speeds you enter). The bandwidth, measure
gain, and system gain are not used in this procedure. Instead you
will enter the gains directly into their appropriate fields. Make

sure to Update Gains after each adjustment so they take effect.
You can use the example response screens at the end of this

procedure as aguide.

Motor instability can cause severe vibration
or sudden movements. Insurethat appropriate
safety measures such as mechanical limits
are employed to prevent dangerous move-

Caution ments of themotor and load.

Manual Tuning Procedure

1) Enter the auto tune screen and select measure system gain.

Caution! the motor will move suddenly
during this process.

Caution

Thiswill verify that the encoder direction is correct for the
servo to run properly.

2) If theencoder direction isfound to be reversed, then quit the
auto tune screen immediately and enter the Configuration.
Select the encoder folder and change the encoder direction
to the opposite of the present setting. Save the configura-
tion information, compile and download the modified project.

PC Programming Environment

3) Re-enter the servo tuning screen and set Ki, Kvff, and Kaff
to zero.

4) Together, set Kp to alow number, say 5, and Kd to amid-
range number, say 10.

5) Updatethe gainsand seeif the motor is stable by performing
ashort move using Move Response. Be ready to shutdown
if the motor oscillates.

6) If the motor is stable and does not vibrate, raise Kp by 2.
7) If not, lower Kp by 1. Repeat until the motor is stable.

8) OnceKpisashighasitwill goand still be stable, reduce Kp
by 50% to provide some stability margin.

9) Now try your move response.

10) If the move is stable but overshoots severely, lower Kp
slightly. Slight overshoot is 0.k. at this point.

11) Continuelowering Kp until the overshoot is close to accept-
able.

12) Now we can try to reduce the error during the motion.
13) Set Kvff to 50 and check the response.

14) If the error is not acceptable increase Kvff by 10 and check
the response, repeat until the response is acceptable.

15) Now let’stry to use Ki to reduce the error at rest.

16) Set Ki to a high number, say 75 and check the move re-
sponse.

17) If theresponseis smooth takes along timeto settle at the
end, then decrease Ki by 10. If the motor goes unstable,
raise Ki back up again.

18) Verify the proper responseto your profiles.

19) If the response still exhibits oscillation or overshoot, you
may need to dampen the system response by raising Kd and
repeating the process from step number 5. See the effect of
lower Kp and higher Kd in the response graphs below.

20) If the motor will not respond as required, check the torque
command response to verify that the controller is not satu-
rating at 10 volts during accel/decel. Thiswould indicate too
high an accel eration for this motor and load. Lower the accel
or decrease the load inertia.

21) THAT'SIT!

Thefollowing screens show examples of tuning responses. Each
has a description of what caused the response shown.
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5.2.14 - Excessive Duty Cycle Shutdown

As the TDC controller responds to shaft displacement due to
move commands or reaction torques, the amplifier section of the
TDC produces current to drive the motor. A feature has been
added that prevents the unit from generating too much current
and/or motor heating due to an excessive duty cycle situation.
Here, duty cyclerefersto the percentage of time that the system
isrequired to generate a current (and therefore resultant torque)
above its continuous rating.

The continuous current that the drive producesis set using the
current setting switches on top of the unit. The peak current
available is twice the continuous setting. For example a switch
setting of 4 amps continuous would result in an available peak
current of 8 amps. The continuous current can be maintained
indefinitely. However, currents above the continuous switch
setting (up to the peak current) can only be generated for a

limited length of time before damage to the TDC unit and/or the
motor will result. If the unit and motor are allowed to cool (i.e. the
motor rests for ashort period) as aresult of the current dropping
below the continuous rating, then repetitive occurrences of
currents above the continuous rating may be acceptable.

If an excessive duty cycle situation occurs, the amplifier will be
disabled, and afault condition will be generated. If this happens
the motor shaft will spin freely unlessiit is held by an external
brake. Error code 136 will be generated. DO NOT continuously
re-enable the driveif thiserror persists.
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6.1 Programming Commands
6.1.1 Programming Commands Grouped By Function

M otion

BUSY
CMDPOS
EVENT1
EVENT2
JOG
MOTTRIG

MOVEA
MOVEHOME
MOVEI
MOVEREG

STOP
WAITDONE
WNDGS

Returns the motion gtatus of the axis.

Returns the commanded position of the motor in units.
Sets Enable/disable and trigger Sate of eventl.

Sets Enable/disable and trigger State of event2.

Run continuoudy in the specified direction.

Sets or returns the hardware trigger level for aMOVEI, MOVEA,
MOVEHOME, JOG and MOVEREG cycle.
Initiates an absolute indexed move.

Run until the homeinput is activated.

Initiates an incrementa indexed move.

Run until the regigtration input is activated,

then move the specified distance.

Brings any motion to a controlled stop.

Waits for motion to be done.

Enable/Disable servo drive.

TRAJECTORY PARAMETERS

ABSPOS
ACCEL
DECEL
DIST

ENCPOS
ENCSPD
SPEED

Sets or returns the absol ute position.

Sets or returns the acceleration rate in units/sec/sec.

Sets or returns the deceleration rate in units/sec/sec.
Returns the distance moved from the art of the last
commanded motion or changes the move distance during
indexed (MOVEA, MOVEI) motion.

Returns the encoder absolute position.

Returns the current speed.

Sets or returns the commanded target speed.

SERVO PARAMETERS

FOLERR
INTLIM
KD

Kl

KP

KVFF
OUTLIMIT

1/0

ANALOG
BCD

IN

ouT

74

Sets or returns the following error.

Sets or returns the servo axisintegrd limit.

Sets or returns the servo axis derivative gain.

Sets or returns the servo axisintegra gain.

Sets or returns the servo axis proportiona gain.

Sets or returns the velocity feed forward gain vaue for aservo axis.
Sets or returns the torque output voltage limit.

Returns the analog input voltage.

Returns the BCD switch vaue.

Returns the discrete input state of the defined input.

Sets or returns the discrete output state of the defined output.

Page
86
87
95
96
111

116
117
118
119

135
139
140

83

87
89

91
92
135

97
109
111
112
113
114
125

86
106
124
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OVER TRAVEL LIMIT Page

HARDLIMOFF Disables hard limits, 102
HARDLIMON Enables hard limits 103
REGLIMIT Sets or returns the movereg limit distance. 130
SOFTLIMNEG Sets or returns the absolute negative travel limit pogtion. 131
SOFTLIMOFF Disables soft limits 132
SOFTLIMON Enables oft limits. 133
SOFTLIMPOS Sets or returns the absolute positive travel limit pogtion. 134
TIME FUNCTIONS

TIMER Sets or returnstimer vaue. 137
WAIT Wait for the period of time to expire. 139
PROGRAM FLOW CONTROL

DO...EXIT DO...LOORP... Begin arepeatable a block of statements. 90

LOOP...UNTIL..WHILE

END End of program. 93

FOR..TO...EXIT Begin arepesatable block of statements. 98

FOR..NEXT

GOSUB...RETURN Branch to a subroutine and return. 101
GOTO Branch unconditiondly to the specified labd. 102
IF. THEN..ELSE..END IF  Begin aconditiond block of statements. 105
INTERRUPT

INTROFFN Disable interrupt n, where nis 1-4. 110
INTRONN Enable interrupt n, wherenis 1-4. 110
ON...INTRn On condition go to interrupt n, wherenis 1-4. 121
MISCELLANEOUS

#DEFINE Defines asymbolic nameto be a particular string of characters 88

ERR Return error code number. 93

#INCLUDE Includes a file name with define satements in a user task. 107
NVR Returns or stores a REAL or INTEGER vaue to NVR memory. 120
BOOL EAN EXPRESSION OPERATORS

AND Logicd conjunction operator. 85

NOT Logica complement operator. 120
OR Logicd inclusve OR operator. 123
DAISY CHAINING

UNITID Returns the current Unit ID. 138
STRING MANIPULATION

ASC Returns the ASCII code of character. 85

CHR$ Returns a one character string for the given ASCII code. 87

GETCHAR Waits for a character to be received viathe serid port. 100
HEX$ Returns the hex gring of an integer. 104
HVAL Returns the hex vaue of adring. 104
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INCHAR

INPUT
INSTR
LCASES
LEFTS$
LEN
MID$
PRINT
PRINT USING
RIGHT$
STR$
STRING$
UCASES$
VAL

Returns a character from the serid port.

Reads aline of datafrom the serid port.

Returns the first occurrence of a character in agtring.
Convertsa string to lower case |etters.

Returns the leftmost characters of a string.

Returns the number of charactersin agtring.

Returns the designated middle number of characters of a string.
Trangamit data via the serid port.

Print string characters or formatted numbers.

Returns the rightmost characters of a string.

Returns a string representation of a numeric expression.
Returns a string of characters.

Converts astring to upper case | etters.

Returns the value of agring.

RELATIONAL OPERATORS

<

<=0r =<
<>

>

=> or >=

equd to

lessthan

less than or equd to
not equd to

gregter than

greater than or equd to

ARITHMETIC OPERATORS

+

*

/

addition

subtraction or unary minus
multiplication

divison 80

ELECTRONIC GEARING

ENCPOS2
ENCSPD2
GEAREXT
GEARINT
GEARON
GEAROFF
GEARRATIO
GEARVEL

Returns the Encoder 2 position in units.

Returns the current Encoder 2 velocity in units/'second.
Sdectsthe externd magter velocity source for gearing.
Sdectsthe GEARVEL as the master source for gearing.
Enables the master velocity source for gearing.

Disables the master velocity source for gearing.

Sets or returns the externa master velocity gearing rétio.
Sats or returns the internal master velocity for gearing.

VARIABLE DEFINITIONS

INTEGER var, ...

REAL var, ..., var

, var

INTEGER va(x), ..., var(X,y)
REAL var(x), ..., var(x,y)

Note: Arraysup totwo dimensionsare supported. Valuesfor x and y must be greater than zero.
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80
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91
92
98
99
99
99
99
99

81
81
81
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6.1.2 Programming Commands Summary (alphabetical list)

INTEGER var,...,var
REAL var, ..., var

A
ABSPOS
ACCEL
ANALOG
AND
ASC

B
BCD
BUSY

C
CHR$
CMDPOS

D

DECEL
#DEFINE
DIST

DO..EXIT DO...
LOOP...UNTIL...
WHILE

E
ENCPOS
ENCPOS2
ENCSPD
ENCSPD2
END

ERR
EVENT1
EVENT2

equal to

less than

lessthan or equal to
not equd to

greater than

greater than or equd to
addition

subtraction or unary minus
multiplication

divison 80
Remark

Definesinteger varigble
Definesred varidbles.

Sets or returns the absolute position.

Sets or returns the acceleration rate in units/sec/sec.
Returns the andog input voltage.

Logicd conjunction operator.

Returns the ASCII code of character.

Returns the BCD switch vaue.
Returns the motion status of the axis.

Returns a one character string for the given ASCII code.
Returns the commanded position of the motor in units.

Sets or returns the decderation rate in units/sec/sec.

Defines asymbolic nameto be a particular string of characters
Returns the distance moved from the gart of the last commanded
motion or changes the move distance during indexed mation.

Begin arepeatable a block of statements.

Returns the encoder absolute position.

Returns the Encoder 2 position in units.

Returns the current speed.

Returns the current Encoder 2 velocity in units/second.
End of program.

Return error code number.

Sets enable/disable and trigger state of eventl.

Sets enable/disable and trigger state of event2.
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F

FOLERR

FOR...TO..EXIT
FOR...NEXT

G

GEAREXT
GEARINT
GEARON
GEAROFF
GEARRATIO
GEARVEL
GETCHAR
GOSUB...RETURN
GOTO

H
HARDLIMOFF Disables hard limits,
HARDLIMON Enables hard limits,
HEX$ Returns the hex string of an integer.
HVAL Returns the hex vaue of agring.
I
IF..THEN..
ELSE..END IF Begin a conditiona block of statements.
IN Returns the discrete input state of the defined input.
INCHAR Returns a character from the serid port.
#INCLUDE Includes afile name with define satementsin a user task.
INPUT Reads aline of data from the serid port.
INSTR Returns the first occurrence of a character in astring.
INTLIM Sets or returns the servo axis integrd limit.
INTROFFN Disable interrupt n.
INTRONN Enable interrupt n.
J
JOG Run continuoudy in the specified direction.
K
KD Sets or returns the servo axis derivative gain.
Kl Sets or returns the servo axisintegrd gain.
KP Sets or returns the servo axis proportiona gain.
KVFF Sets or returns the velocity feed forward gain vaue for a servo axis.
L
LCASES Converts a string to lower case letters.
LEFTS Returns the leftmost characters of a string.
LEN Returns the number of charactersin a string.
M
MID$ Returns the designated middle number of characters of astring.
78

Sets or returns the following error.

Begin arepesatable block of statements.

Sdects the externad master velocity source for gearing.
Sdectsthe GEARVEL as the master source for gearing.
Enables the master velocity source for gearing.

Disables the master velocity source for gearing.

Sets or returns the externa master velocity gearing ratio.
Sets or returns the interna master velocity for gearing.
Waits for a character to be received viathe serid port.
Branch to a subroutine and returns.

Branch unconditionally to the specified |abd.

97

98

99
99
99
99
99
100
101
102

102
103
104
104

105
106
107
107
108
108
109
110
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111

111
112
113
114

114
115
115

115
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MOTTRIG

MOVEA
MOVEHOME
MOVEI
MOVEREG

NOT
NVR

O
ON...INTRn
OR

ouT
OUTLIMIT

P
PRINT
PRINT USING

R
REGLIMIT
RIGHT$

S
SOFTLIMNEG
SOFTLIMOFF
SOFTLIMON
SOFTLIMPOS
SPEED

STOP

STR$
STRINGS

T
TIMER

U
UCASES$
UNITID

Vv
VAL

W

Sets or returns the hardware trigger level for aMOVEI, MOVEA,
MOVEHOME, JOG and MOVEREG cycle.

Initiates an absolute indexed move.

Run until the home input is activated.

Initiates an incrementa indexed move.

Run until the regigtration input is activated,

then move the specified distance.

Logica complement operator.
Returns or storesa REAL or INTEGER vaue to NVR memory.

On condition go to interrupt n.

Logicd indusive or operator.

Sets or returns the discrete output state of the defined outpuit.
Sets or returns the torque output voltage limit.

Transmit data via the serid port.
Print string characters or formatted numbers.

Sets or returns the movereg travel limit.
Returns the rightmost characters of adiring.

Sets or returns the absolute negative trave limit position.
Disables soft limits,

Enables oft limits.

Sets or returns the absolute positive trave limit position.
Sets or returns the commanded target speed.

Control stop continuous run.

Returns a string representation of anumeric expression.

Returns a string of characters.

Satsor returnstimer vaue.

Converts a string to upper case letters.
Returns the current Unit ID.

Returns the vaue of a gring.
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120
120

121
123
124
125

126
127

130
130

131
132
133
134
135
135
136
136

137

137
138

138
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WAIT Wait for the period of time to expire. 139
WAITDONE Waits for motion to be done. 139
WNDGS Enable/disable servo drive. 140
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6.1.3 SEBASIC Conventions

A BASIC-like language ("SEBASIC") conforms to most of the rules and conventions of modern implementations of the BASIC
programming language, such as "QuickBasic", etc. Following is a summary of the considerations to be used in writing your
programs.

6.1.3.1 ARITHMETIC OPERATORS

The SEBASIC arithmetic operators are listed in order of precedence:

Operator Function

- Negation

* Multiplication and division. See BASIC DATA TY PES section for notes on division.
+, - Addition and subtraction

Parentheses change the order in which arithmetic operations are performed. Operations within
parentheses are performed first. Inside parentheses, the usual order of operation is maintained.

NOTE: Squaring and exponentiation are not supported; use multiplication to perform these operations.
Example: to calculate XS, use X*X*X.

6.1.3.2 LOGICAL OPERATORS

These operators are used in boolean expressions. The logical operatorsin SEBASIC, listed in order of precedence, are asfollows:

Operator Use

NOT NOT<term> afalse term, resultsin the boolean expression being true.

AND <term> AND <term> both terms must be true, results in the boolean expression being true.
OR <term> OR <term> either term being true results in the bool ean expression being true.

L ogical operators perform tests on multiple relations, bit manipul ations, or Boolean operations,
and return atrue (one) or false (zero) value to be used in making a decision.

6.1.3.3 RELATIONAL OPERATORS

Relational operators are used to compare two values. The result of the comparison is either
"true" (one) or "false" (zero). Thisresult can then be used to make a decision regarding program flow.

Operator _Relation Expression
= Equality * X =Y
<> Inequality X < Y
< Lessthan X < Y
> Greater than X > Y
<= Lessthan or equal to X <= Y
>= Greater than or equal to X >= Y

* The equal sign (=) isalso used to assign avalueto avariable.
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6.1.34 BASIC DATA TYPES
Three basic datatypes exist: REAL, INTEGER and STRING values.
Thefollowing are examples of some REAL values:

+1.524 -100.1 21e4
Note that »e- or >E£ may be used as the exponential operator, i.e. power of 10. For example 5004.1 may also be represented as
50.041E2. In this case 50.041 is the mantissa and the exponent is 2. The mantissa of a real number is limited to a 15 digit
representation. If the + isomitted, the value defaults to a positive number.

Therangefor REAL numbers is+/- 1.7 E +/- 308 (15 digits).

Thefollowing are examples of some INTEGER values:

+1 -100 -3487
If the + is omitted, the value defaults to a positive number.

The rangefor INTEGER numbersis®™ 2,147,483,647.

STRING values can be any ASCII character. A list of ASCII charactersis provided in Section 9, Glossary.

RULESFOR INTEGER DIVISION:

When the division operator, =/, isused to divide integer numbers, some rules must be followed to achieve expected results from
the calculation. If it isdesired that fractional information be included in the result of the division of two numbers, at |east one of
them MUST be a REAL number. If both numbers are INTEGER, the division operation will produce an INTEGER result. Some
programming examples are shown below.

INTEGER numl,denoml >declare INTEGER variables
REAL answerl,answer2,denom2 >declare REAL variables
begin: > begin program
numl =10 > set INTEGER numl equal to 10
denoml=4 > set INTEGER denom1 equal to 4
denom2 =4 >set REAL denom2 equal to 4
answerl = numl/denoml > use division operator to divide num1 by denoml
answer2= numl/denom2 suse division on hum1 by denom2
end end program

In this case the value of answer1 will be 2. Thisis because numl and denoml were declared as INTEGER numbers. The value of
answer2 will be 2.5, as expected. Thisisbecause denom2 was declared asa REAL variable. When assigning a variable to anumber
which isrepresented.in the code by a fraction, the numerator or denominator MUST use a decimal point if the result requires
fractional information. For example:

REAL x >declare x asaREAL variable
x=10/4 >X will be equal to 2 since 10 and 4 without adecimal point are integers
x =10.0/4 >Xx will be equal to 2.5 because of the decimal pointin 10.0

Note: All variable namesand program labels must begin with aletter A-Z.
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6.1.3.5 CASE SENSITIVITY IN STATEMENTS & COMMANDS

Some programming statements and commands are case-sensitive; others are not. The following table defines case sensitivity in
SEBASIC:

BASC LANGUAGE ELEMENT CASE SENSITIVE? MAX. LENGTH(char acters)
Label No 80
Variable name (symbolic constant) No 80
BASIC keyword No N/A

The Host commands are not case sensitive; that is, upper and lower case letters can be used interchangeably.

6.1.3.6 CALCULATIONSUSING TRAJECTORY PARAMETERSAND VARIABLES

Caution must be used when performing calculations based on the Trajectory Parameters, ABSPOS, ACCEL, DECEL, DIST,
ENCPOS, ENCSPD, and SPEED. Comparisons of values returned directly from reading these parameters or values of variables
calculated from these parameters may not always yield the expected results. The reason for thisis that digital systems have
inherent resolution limitations. In the case of digital servos, the actual position of the motor shaft at any time can only be
represented within one encoder count. If the user is programming in units, the actual position is calcul ated based on the number
of encoder count per user unit. Following exampleillustrates the need to use caution when using these parameters.

Let us say that the system has an encoder resolution of 4000 counts per motor revolution (typical of a 1000 line encoder with 4X
phase quadrature decoding). Let us also assert that the user wishes to program his system in revolutions. In this case, the
Configuration and Setup parameter units per motor revolution would be set to 1, and the encoder line count would be set to 1000
lines/rev.

L et=s assume that the user wishes to perform amove of 1.5238 revolutions, the system will movethe servo to the nearest encoder
count to this position. In this case,

(4000 counts/rev) x (1.5238 revs) = 6095.2 counts

and since the system can only resolve to 1 count, the fractional portion is dropped, yielding an actual position of 6095 counts.
If the ENCPOS command is now used to read back the motor-s actual position, the result will be

(6095 counts)/ (4000 counts/rev) = 1.52375.

It isimportant to note that the programmed move, 1.5238isNOT exactly the same as 1.52375. Also, any variable based on the
ENCPOS, for example if the program sets a REAL variable

x=15* ENCPOS

then the result will not be the expected. Thisis NORMAL and is inherent to the nature of digital servo systems. If the user
program must compar e a calculated value to any of thetrajectory parameters (such as ENCPOS above), or to variableswhich
have been derived from them (such asx above), then the use of the equals operator isSNOT RECOMMENDED. Using greater than,
>, lessthan, <, greater than or equal to, >=, or lessthan or equal to, <= isthereforerecommended for proper operation of the
program. In fact, ANY calculated variablesmay haveavery small fractional portion which may cause problemswhen comparing
them to be exactly equal to either another variable or a number entered in the code.

6.1.3.7 PROGRAM COMMENTS

An apostrophe (') in aprogram line prevents aline from executing and allows program comments/documentation. All text to the
right of the ' to the end of lineis not considered part of the command during execution.

EXAMPLES: 'MOVEI=10 >The program will not execute thisline
MOVEI=100 >The program will executethisline
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6.1.4 Programming Commands - Alphabetical Listing

ABSPOS Trajectory Parameters

ACTION:| Setsor returns the commanded absolute position of the motor.

PROGRAM SYNTAX:| ABSPOS=expression
ABSPOS - used in an expression

REMARKS:;| ABSPOS=expression
Sets the absolute position in units.

ABSPOS - usedinan expression
Evauates and returns the current absolute position.

ABSPOS represents the commanded motor position, and can only be set while
no motion is occurring.  Setting ABSPOS during motion, causes the program to
be trapped a the ABSPOS ingruction until the motion completes.  When
ABSPOS s st or read, the internd representation islimited to ** 2,147,483,647
encoder counts.  Setting ABSPOS aso sets ENCPOS (encoder position) to the
samevadue. ABSPOS and ENCPOS are initidized to O at power up. ABSPOS
is set equal to ENCPOS when the servo drive is enabled by the WNDGS
command. ABSPOS is dso st a the end of a MOVEHOME command.
Reading ABSPOS returns the actual commanded position in user units.

EXAMPLES:
ABSPOS=2

Sets absolute position to 2 units.

a=ABSPOS
returns the ABSPOS position vaue to variable "d’.

84 Programming Commands



ACCEL

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

ANALOG

ACTION:

PROGRAM SYNTAX:

Trajectory Parameters

Sets or returns the accderation vaue of the motor.

ACCEL=expression
ACCEL - usedinanexpresson

ACCEL=expression
Sets the accdleration rate in units/sec.

ACCEL - usedinanexpresson
Evduates and returns the present acceleration vaue.

The rate at which the motor speed isincreased. Specifying a0 or negative

vaue will result in error code 6. Specifying avaue greeter than "Max Accd” st

inthe sygem Configuration and Setup will result in ACCEL being set to "Max

Accd". At power up ACCEL isinitidized to 50% of "Max Accd”. ACCEL can

be st during motion, but the new setting will not be used until the next move.
Reading ACCEL returns the most recent setting.

ACCEL=2
Sets accdleration rate to 2 units/sec?.

a=ACCEL
returns the accderation value to varidble "d'.

/O Functions

Returns the andog input vaue in volts.

ANALOG - used in an expression

REMARKS
ANALOG
Evduates and returns the present analog input voltage in volts. This value may vary
for successive reads, but will stay within the accuracy listed in the Hardware
Specification section of this manud.
EXAMPLES:

5 varigble x to the analog input voltage.
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AND

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

ASC

ACTION:

PROGRAM SYNTAX:

REMARKS:

Boolean Operator

The logicd AND operator is used in
boolean expressions.

expressonl AND expresson2

The AND operator uses this"truth table':

expressonl | expresson2 Condition result
True True True
True Fase False
Fase True Fase
False False False

Thereault istrueif both expressons are true.

if (x>2AND y < 3) then goto INDEX
>The controller checksto seeif x> 2 and y < 3. If both conditions are true the
program goesto alabel caled INDEX.

String Manipulation

Returns the ASCII code for the first character in astring.

ASC(n$)

The ASCII code returned is for the first character in the string variable n$. If the

gring isanull gring then a0 will be returned.

EXAMPLES:

86

INTEGER X
STRING ab
ab="part#"

x=ASC(a$) 'setsx=112 'p
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ACTION:

Returns the value on the BCD switches.

PROGRAM SYNTAX:|  5ry e in an expression

REMARKS:| p-p
Evauates and returns the BCD switches as a Sgned Integer value. The BCD
switches are redtricted to seven digitswith asign.

Note: The use of the BCD command takes precedent over the OUT command
and will toggle OUT3-OUT6 when cdled to strobe the BCD switch bank.
Subsequent to a BCD cdl, an OUT(3)-OUT(6) command will also set the
output to the appropriate state. If OUT3-OUT6 are used as general purpose
outputs, care must be taken not to invoke a BCD command or the state of the
outputs will be disturbed.

EXAMPLES:
a=BCD 'returns the BCD switchesvaueto variable "a".

ACTION:

Returns the motion status.
PROGRAM SYNTAX:

BUSY - used in an expresson

REMARKS:

If the commanded motion is incomplete, BUSY returns a true (+1) otherwise
BUSY returnsafase (0).

EXAMPLES:

>prints system absolute position

~rrrnrooros  While motion is dill occurring
LOOP
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CHRS$ String Manipulation

ACTION:| Returnsaone character string whose ASCII code is the argument.

PROGRAM SYNTAX:| CHR$(code)

REMARKS:| CHR$iscommonly used to send a specia character to the seriad port.

EXAMPLES:| PRINT#1,"Input Accel",CHR$(27) ' tranamits"Input Accd" <ESC> to the host
serid port.

CMDPOS

ACTION:
CTio Returns the commanded position of the motor in units.

PROGRAM SYNTAX:
oG S CMDPOS — used in an expression

REMARKS: This commeand is defined in more details in the Gearing section of the manud.

DECEL Trajectory Parameters

ACTION:
Sets or returns the decderation value of the axis.
PROGRAM SYNTAX:
DECEL =expression

DECEL - usedinanexpresson

REMARKS:
DECEL =expression
Sets the decdleration rate value in units/sec?.
DECEL - usedinanexpresson

Evauates and returns the present deceleration vaue.

The rate at which the motor speed is decreased. Specifying a0 or negative
vauewill result in error code 7. Specifying avaue greater than "Max Aced” st in
the Configuration and Setup will result in DECEL being set to "Max Accd”. At
power up DECEL isinitidized to 50% of "Max Accd”. DECEL can be set during
motion, but the new setting will not be used until the next move. Reading DECEL
returns the most recent setting.

EXAMPLES:
3.1 units'sec’.
X = DECEL
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Setsvariable X equd to the value of deceleration.
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#DEFINE

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Miscellaneous Command

Defines a symbolic name to be a particular string of characters.

#DEFINE name@l, ... , @10 replacement text
#DEFINE name replacement text

The name has the same form as avariable name: a sequence of |etters and digits thet
begins with aletter. The nameis case senstive. Typicaly upper
caseis used for the name.

The @1, ... , @10 are the program command substitution arguments for the
replacement text.

The replacement text can be any sequence of letters of characters.
Any occurrence of the name in the program, not in quotes and not part of another

name, will be replaced by the corresponding replacement text when the program
iscompiled.

#DEFINE TRUE 1
Subdtitutes a 1 when the name TRUE is encountered.

#DEFINE FALSE O
Subdtitutes a 0 when the name FAL SE is encountered.

#DEFINE SENDPOS @1 PRINT#@1,ABSPOS
Sends the absolute position via port @1.

SENDPOS 1
Sends the absolute position viaport #1. The 1 is substituted for the @1.

SENDPOS 2
Sends the absolute position via port #2. The 2 is substituted for the @1.

#DEFINE CLR PRINT#2,CHR$(12);
#DEFINE LOCATE @1,@2 PRINT#@,CHR$(27);"[@1,@2H";

CLR " clear display
LOCATE 1,2 " locate cursor at row 1 column 2
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DIST Trajectory Parameters

ACTION:|  Returns the distance moved from the start of the last commianded motion or changes

the move distance during indexed motion.
PROGRAM SYNTAX:

DIST = expression
DIST - used in an expression

REMARKS:
DIST = expression
Extends or shortens the index (MOVEI or MOVEA) motion underway.
A padtive vaue extends the move, a negative vaue shortensit. If the present move
IS past the point to which the move has been shortened, by a DIST = negative
vaue, then the moveis stopped. The DIST command has no effect if the present
moveis currently sopping.
DIST - usedinan expresson
Returns the distance traveled from the start of the last motion command. DIST
returns a positive number, regardless of the move direction.
EXAMPLES:

x=DIST
s x to the disance moved from the start of mation.

MOVEI =-25
DIST =-10 shortens the move by 10 units
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DO...LOOP

ACTION:

PROGRAM SYNTAX 1:

PROGRAM SYNTAX 2:

PROGRAM SYNTAX 3:

REMARKS:

EXAMPLES:

Program Flow Control

Repesats a block of statements while a condition is true or until a condition
becomes true.

DO {UNTIL | WHILE} [condition]
[statement block]

[EXIT DOJ

[statement block]

LOOP

DO

[statement block]

[EXIT DOJ

[statement block]

LOOP {UNTIL | WHILE} [condition]

DO <spc> @ <spe> LOOP ...

Syntax 1 dlows the condition to be tested at the top of the loop. Syntax 2 alows
the condition to be tested at the bottom of the loop therefore the loop will aways
execute at least once.

EXIT DO isan dternative exit from a DO...L OOP.

EXIT DO transfers contral to the statement following the LOOP statement. When
used within nested DO..LOOP gatements, EXIT DO trandfers out of the
immediately enclosing loop. EXIT DO can be used only in a DO...LOOP
Satement.

DOWHILEEVENT1<>1 >Continuetheloop while'eventl does not equd 1.

LOOP >End of
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ENCPOS

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

ENCPOS2

ACTION:
PROGRAM SYNTAX:

REMARKS:

94

Returns the encoder position.
ENCPOS - usedinanexpresson

ENCPOS
Evauates and returns the present encoder position.

The actua motor position. The range of ENCPOS s ** 2,147,483,647 encoder

counts. Reading ENCPOS returns the actual motor postion in user units.

ENCPOS s initidized to 0 at power up. Setting ABSPOS sets ENCPOS to the
samevaue

y = ENCPOS ' returns the encoder podition to variabley.

Trajectory Parameters

Returns the Encoder 2 position in user units.
ENCPOS2 — used in an expression

This command is defined in more details in the Gearing section of the manud.
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ENCSPD

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

ENCSPD2

ACTION:
PROGRAM SYNTAX:

REMARKS:

Returns the current encoder speed in units/sec.
ENCSPD - usedinanexpression

ENCSPD
Evaluates and returns the current encoder speed.

Reading ENCSPD returns the actua motor speed with aresolution of:

(250 * "Unitgrev")/("Line count™ * "Servo Sample Time") units/sec.
These vdues are st in the Configuration and Setup.
Example "Unitsrev" =1, "Line count” = 1000, "Servo Sample Time' =1
example resolution = .25 rev/sec

Note: Limit = 2meg counts/sec. a 1mssampletime
= 1 meg countg/sec. a 2 ms sampletime

The returned motor peed vaue is a Signed number.

Xx=ENCSPD " returns the current encoder speed to variable x.

Trajectory Parameters

Returns the current Encoder 2 velocity in units/second.
ENCSPD2 — used in an expression

This command is defined in more detall in the Gearing section of the manudl.
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END

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

ERR

ACTION:

PROGRAM SYNTAX:

REMARKS:

96

Program Flow Control

Sgnifiesthe end of a program.
END

This command sgnifiesthe end of a program and must beincluded in each program
or an error condition may occur.

Satement

END

Return Error Code

Returns the error status of the controller.
ERR - used in an expression

If an error occurs while the program is running, the program jumps to labd
ERROR_HANDLER if it is present, otherwise it ends. The fault LED is on while
the error code is non-zero. Host command "ERR" or executing a

"GOTO" command in the error handler code clearsthe error code. Thefirst error
locks out subsequent errors.

Error Code  Description

0 No error.
Could not burn flash successfully.
Could not download file.
Not enough memory to execute user program.
Attempt to access a non-existent array element.
Red datatoo large to convert to Integer data.
Attempt to set accel data<= 0.
Attempt to set decel data<= 0.
Attempt to access non-existent output.
Attempt to access non-existent input.
Attempt to divide by O.
Recealved serid datawill not fit in buffer.
Motion occurring when program ended.
Attempt to execute user program that is not present.
Incorrect user program checksum.

O©CoO~NOOOULS,WNPE
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15 Attempt to set Kp out of range.

16 Attempt to set Kd out of range.
17 Attempt to set Ki out of range.
18 Attempt to set Kvff out of range.
19 Attempt to set FOLERR <0.
20 Attempt to set INTLIM out of range.
21 Move distance too large.
22 Function not implemented.
23 INPUT command error occurred
24 NV R specified location out of range (1-400).
25 NVR device not detected.
128 +Himit switch activated.
129 -limit switch activated.
130 + Software travel limit exceeded.
131 - Software travel limit exceeded.
132 This code isreserved for future use.
133 Excessive position eror.
134 Regidration distance too smdl.
135 Attempt to move with drive not enabled.
136 Excessve duty cycle shutdown or attempt to move with drive not
ready.
137 Gearing backlog overflow.
138 NV R data corrupt

If the hard limit inputs are enabled during gearing motion and the hard limit input
becomes active an error will occur. The error code for the + Limit is 128 and 129
for the—Limit.

If the Soft limits are enabled during gearing motion and the soft limit is exceeded
an error will occur. The error code for the + Software trave limit is 130 and 131
for the — Software trave limit.

When operating in eectronic gearing mode, a hard or soft limit error will force a
GEAROFF condition before jumping to the error handler routine.

Gearing motion can backlog counts when the input rate exceeds the imposed rate
limit for gearing. No error will occur if this count is less than 32767 counts.
However, if this count is exceeded an error will occur which will cause a
GEAROFF condition before going to the error handler routine. The error code for
abacklog overflow is 137.

If there is no error handler routine present in the program, an error will smply
terminate program execution, otherwise an error causes the program to jump to the
error handler routine (labd ERROR_HANDLER). The error handler routine
can not be interrupted. The error handler routine is terminated with either an END
gatement or a GOTO <label> gatement. The END gatement will terminate
program execution. The GOTO <labe> statement will cause program execution
to continue. At this point the program can be interrupted.
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EXAMPLES:
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x=ERR 'Sets x equa to the present controller error number for this task and clear

the error number.
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EVENT1

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Setsthetrigger polarity and trigger enable, which are used inaMOVEHOME and
MOVEREG cycle.

EVENT1=expresson

The EVENT1 command is used to select the effect of the hardware Sgnd a the
EVENTL1/IN1input. Thisinput istypicaly wired to aswitch or sensor. It may be
used as a home position trigger duringaMOVEHOME
cycle. It dso may be used as a postion mark regidration trigger during a
MOVEREG cycle. When used for mark regigtration, atrigger on EVENT1 will
initiate the index portion of the MOV EREG cycle.

The EVENT1 triggering for a MOVEHOME or MOVEREG cycle may be
combined with an encoder index pulse input, and is assigned in the user pro-gram
Configuration and Setup.

For a MOVEHOME cycle, the EVENT1 command may be used to set the
polarity of the move home trigger. If the expression to the right of the EVENT1
command is podgitive, for example EVENTL = 1, the home cycle trigger occurs
when the EVENT1 input becomes active. If the expresson to the right of the
EVENT1 command is negative, for example EVENT1 = -1, the home cyde trigger
occurs when the EVENTL1 input becomes inactive. An EVENT1 home trigger
cannot be disabled using this command.

For aMOVEREG cycle, the EVENT1 command may be used to set the polarity
of the regidration trigger. If the expresson to the right of the EVENT1 command
is pogitive, for example EVENTL = 1, the regidtration cycle trigger occurs when
the EVENT1 input becomes active. If the expression to the right of the EVENT1
command is negative, for example EVENTL = -1, the regidration cycdle trigger
occurs when the EVENT input becomes inactive.

The EVENTL1 trigger for a regidration cycle may be dissbled by setting
EVENT1=0. A regidration trigger may be enabled to either polarity during a
move. It may not, however, be disabled once the cycle has begun.

The EVENT 1 input state can be read with command IN(2).

EVENT1=0 dissblesEVENT1 trigger if assgned asa MOVEREG trigger.

EVENT1=1 Sdas EVENTI trigger to pogtive polarity triggering and enables the
trigger.

EVENT1=-1 Sets EVENTL trigger to negative edge triggering and endbles the
trigger.
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EVENT?2

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Setsthetrigger polarity and trigger enable, which are used inaMOVEHOME and
MOVEREG cycle.

EVENT2=expresson

The EVENTZ2 command is used to select the effect of the hardware Sgnd a the

EVENTZ2/IN2 input. Thisinput istypicaly wired to aswitch or sensor. It may be
used as ahome pogtion trigger duringaMOVEHOME cycle. It dso may be used
asapodtion mark regidration trigger during aMOV EREG cycle . When used for
mark regidration, a trigger on EVENT2 will initiste the index portion of the
MOVEREG cycle.

The EVENT2 triggering for aMOVEHOME or MOVEREG cycdleis as-Sgned
in the user program Configuration and Setup.

For a MOVEHOME cycle, the EVENT2 command may be used to set the
polarity of the move home trigger. If the expresson to the right of the EVENT?2
command is positive, for example EVENT2 = 1, the home cycle trigger occurs
when the EVENT2 input becomes active. If the expresson to the right of the
EVENT2 command is hegative, for example EVENT2 = -1, the home cyde trigger
occurs when the EVENT2 input becomes inactive. An EVENT2 home trigger
cannot be disabled using this command.

For aMOVEREG cycle, the EVENT2 command may be used to set the polarity
of the regidration trigger. If the expresson to the right of the EVENTZ2 command
is pogitive, for example EVENT2 = 1, the regigtration cycle trigger occurs when
the EVENT2 input becomes active. If the expresson to the right of the EVENT?2
command is negative, for example EVENT2 = -1, the regidration cycle trigger
occurs when the EVENTZ2 input becomes inactive.

The EVENT2 trigger for a regidration cycle may be disabled by setting
EVENT2=0. A regidration trigger may be enabled to either polarity a move. It
may not, however, be disabled once the cycle has begun.

The EVENT 2 input state can be read with command IN(2).

EVENT2=0 dissblesEVENT2 trigger if assgned asa MOVEREG trigger.

EVENT2=1 Sets EVENT2 trigger to positive edge triggering and enables the
trigger.

EVENT2=-1 Sets EVENT2 trigger to negative edge triggering and endbles the
trigger.
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FOLERR

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Sats or returns the pogtion error limit. When the pogition error limit is exceeded, the
windings are turned off, the analog output voltage is set to zero and an error is set.

FOLERR=expresson
FOLERR - usedinanexpresson

FOLERR= expresson
Sets the position error limit in units. Setting the pogition error limit to zero sats the
pogtion eror limit to infinity.

FOLERR - usedin expresson
Returns the value of the pogtion error limit.

FOLERR s#s or reads the "Following Error" Limit. "Following Error” is st
initidly in the Configuration and Setup and is the absolute value of the difference
between the commanded and actua motor postion, i.e. JABSPOS - ENCPOS|.

The test for excessve "Following Error” is only performed if the drive endble
output is on and the FOLERR setting is not zero. If the "Following Error” exceeds
the FOLERR stting, then the error code is st to 133, the windings are turned of f
and the andog output voltage is set to zero. FOLERR islimited to the number of
user units corresponding to 32767 encoder counts. FOLERR isinitidized to the
number of units corresponding to 32767 encoder counts a power up. A negdive
setting for FOLERR reaults in error code 19. If an attempt is made to sat
FOLERR gresater than 32767, the FOLERR is st to its maximum value of 32767.
Reading FOLERR returns the present setting in user units.

FOLERR=.5 " pogition error limit is set to .5 units
x=FOLERR ' returns the current position error limit.
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FOR.NEXT

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

GEAREXT

ACTION:

PROGRAM SYNTAX:

REMARKS:

102

Program Flow Control

Repesats a block of statements a specified number of times.

FOR counter = start# TO end#
[statement block]

[EXIT FOR]

[statement block]

NEXT counter

Counter isavariable used as the loop counter.
Sart# istheinitia value of the counter.

End# isthe ending vdue of the counter.

The step Szeisdways 1.

If start is greater than end then the loop will not execute, control is transferred to
the statement following the NEXT gatement. If start equasend then the loop will
execute once.

EXIT FOR is an dternative exit from a FOR...NEXT loop.

EXIT FOR transfers control to the statement following the NEXT statement. When
used within nested FOR...NEXT gatements, EXIT FOR transfers out of the
immediatdly enclosng loop. EXIT FOR can be used only in a FOR..NEXT
gatement.

forx=1t08 >For..next loop initidization
Satements >Program statements.
next x >End of loop.

Gearing

This command sdects the Externd masgter velocity source for gearing which isthe
Encoder 2 input port.

GEAREXT

This command is defined in more details in the Gearing section of the manudl.
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GEARINT Gearing

ACTION:|  syents the internal master velocity source, GEARVEL command, for gearing.

GEARINT
PROGRAM SYNTAX:

This command is defined in more detall in Section 8, Gearing .
REMARKS:

8

GEARON Gearing

ACTION: Enables the master velocity for the Gearing mode of Operation.

PROGRAM SYNTAX: GEARON

This command is defined in more detall in Section 8, Gearing.

REMARKS:
GEAROFF Gearing
ACTION: Disables the master velocity for the Gearing mode of Operation.

PROGRAM SYNTAX:| CGEAROFF

REMARKS:| Thiscommand is defined in more detail in Section 8, Gearing.

GEAR Gearing

Sdects the externd follower motor to master encoder gearing ratio. Theratiois
ACTION:| follower motor revs/ master encoder revs.

GEARRATIO =
PROGRAM SYNTAX:| GEARRATIO —used in an expression

This command is defined in more detail in Section 8, Gearing.
REMARKS:

GEARVEL Gearing

Sets or returns the master velocity for internd gearing in
ACTION:| units'second.

PROGRAM SYNTAX:| GEARVEL = expresson
GEARVEL —used in an expresson

REMARKS:!|  This command is defined in more detail in Section 8, Gearing.
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GETCHAR String Manipulation

ACTION:| Waitsfor acharacter on the sdlected seria port and returns the ASCII code of the
character.

PROGRAM SYNTAX:| GETCHAR(n) - used in an expression

REMARKS:| Then specifiesthe serid port number (1 or 2). Port 1isthe Host port and Port 2
isthe User port.

Program execution is suspended while GETCHAR waits for a character to be
recelved by the designated serid port. If a character is dready in the receiver
buffer the ASCII code of the character isreturned immediatdly.

EXAMPLES:
INTEGER ab
STRING a$,b$
a&=GETCHAR(2) ' setsato the ASCII code of host character
b=GETCHAR(2) " sets b to the ASCII code of user character

a$=a$ + CHR$(A) 'add host character to ab
b$=b$ + CHR$(A) 'add host character to b$

104 Programming Commands



GOSUB...
RETURN

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Program Flow Control

Branches to, and returns from, a subroutine.
GOSUB [lindabd]

You can cdl a subroutine any number of times in a program. You can cdl a
subroutine from within another subroutine (nesting).

Subroutines can only be nested ten deep.

The execution of the RETURN statement causes the subroutine to goto the line
following the cal or jump to the subroutine..

Subroutines can appear anywhere in the program (except within an interrupt
routing). It is good programming practice to make them readily distinguishable
from the main program.

GOSUB GET_CHAR 'goto subroutine @ label "GET_CHAR"

MOVEI=10 >Line that executes after the return.
GET_CHAR: 'label for subroutine
statement block 'satements to perform action of the subroutine
RETURN return to program line following GOSUB
GET_CHAR
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GOTO

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

HARDLIM
OFF

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Program Flow Control

Branches unconditiondly to the specified labd.
GOTO [labd]

The GOTO gsatement provides ameans for branching unconditionally to another
labd.

It is good programming practice to use subroutines or structured control statements
(DO... UNTIL, FOR..NEXT, IF..THEN...ELSE) instead of GOTO statements,
because a program with many GOTO statements can be difficult to read and

debug. Try toavoid usngAGOTO@!

if x=1 then GOTO coolant_off

coolant_off:
(statements)

Over Trave Limit

Disddles the hardware limit inputs.
HARDLIMOFF

Hard limit inputs are used to stop the motor before it runsinto a physcd
end of trave, thus avoiding damage to the mechanica sysem. A separate hard limit
input is provided for + and - motor rotation. Activating the + input sops the maotor
if it isrotating in the + direction. Activating the - input ops the motor if it isrotating
in the - direction.
Inputs 3 and 4 become generd purpose inputs with this command.

HARDLIMOFF "hard limit inputs are generd  purpose.
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HARDLIM
ON

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Programming Commands

Over Trave Limit

Enables the hardware limit inputs.
HARDLIMON

Hard limit inputs are used to stop the motor before it runsinto a physcd
end of trave, thus avoiding damage to the mechanica system. A separate hard limit
input is provided for + and - motor rotation. Activating
the + input stops the motor if it isrotating in the + direction. Activating the - input

dopsthe motor if it isrotating in the - direction.

Inputs 3 and 4 become the +Limit and -Limit inputs. As hard limits, the active
sgnd leve can aso be configured as active on switch closing or active on switch
opening. Thisisdone in the project's Configuration and Setup.

The+Limit isonly checked when mation in the + direction is commanded, likewise
the -Limit is only checked when mation in the - direction is commanded. When
aLimit input is activated, the motor is decderated to a sop using the maximum
accel value (set in the project's Configuration and Setup) and an error code is
set. Code 128 is st when the +Limit is activated and code 129 when the - Limit
is activated.

The dtate of the +Limit can be read with the IN(3) command and the state of the
-Limit can be read with the IN(4) command.

The relation between the return value from the IN command and the limit gatusis
shown in the following table.

activesgnd leve IN command limit Satus
switch dosing 0 not active
1 active
switch opening 0 active
1 not active
HARDLIMON "Limit inputs are active.
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HEX$

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

HVAL

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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String Manipulation

Returns the hex gtring of an Integer vaue.
A$=HEX$(expression)

The expresson must be an integer vaue.

A$=HEX$(255) 'returnsthe string "FF"

String Manipulation

Returns the decima vaue of ahexadecima siring.
Xx=HVAL(A$)
AS$ isthe designated string variable or tring literdl.

The converted vaueis an Integer. Thus"x" must be defined as an Integer.

x=HVAL("OXFF") "X is et to 255
A$="1F"
x=HVAL(A%)" 'Xissetto 3l
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IF. THEN..
ELSE.
ENDIF

ACTION:
PROGRAM SYNTAX 1:

PROGRAM SYNTAX 2:

REMARKS:

EXAMPLES:

statement block

Program Flow Control

Allows conditiona execution based on the evauation of a Boolean condition.
| F condition THEN thenpart [EL SE el separt]

|F conditionl THEN

[statement block-1]

[ELSE] EL SE and statement block-2 is optional
[statement block-2]]

END IF

The argument condition is an expression that SEBASIC evduates as true (nonzero)
or false (zero).

The argument statement block includes any number of statements on one or more
lines.
The argument thenpart includes the statements or branches performed when

condition istrue.

The argument elsepart includes the statements or branches performed when
conditionis fase The syntax is the same as thenpart. If the ELSE clause is not
present, control passes to the next statement in the program following the END IF.

if x=0 then
statement block
dse

end if
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IN

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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| /O Operator

Returns the date of adigita input.

IN(nn) - usedinan expresson

nn is the specified digitd input 1-19.
Thevauereturned is 1 for active or O for inactive.

The inputs are assgned as follows:

Input Signal Designation Input Signal Designation
1 Eventl/IN1 1 BCDO/IN11
2 Event2/IN2 12 BCDL/IN12
3 "+Limit"/IN3 13 BCD2/IN13
4 “-Limit"/IN4 14 BCD3/IN14
5 "Run"/IN5 15 BCD4/IN15
6 "Clear"/IN6 16 BCD5/IN16
7 AFeedhold@/IN7 17 BCD6/IN17
8 IN8 18 BCD7/IN18
9 IN9 19 DRV Ready
10 IN10

Inputs 3 through 7 are individudly sdectable in the Configuration and Setup as
either dedicated or general purpose inputs. If selected as dedicated inputs and
activated, these inputs cause pecific action to occur as outlined in the
HARDWARE INPUTS section of this manud.

Inputs selected as genera purpose may be used within the user program as

needed. A generd purposeinput will not cause the dedicated action to occur when

the input isactive. Note: The IN(X) command will return the vaue at the input pin

regardless of the Configuration and Setup. For example, if Input 7 is sdlected

in the sysem configuration as dedicated to AFeedhold(, and the input &t the pinis
active, then IN(7) will return a 1.

IF IN(6)=1 then goto continue
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INCHAR

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

#INCLUDE

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

String Manipulation

Returns the ASCII code of a character from the designated seria port. If no
character isin the recelver buffer a0 isreturned.

INCHAR(n)

The n specifies the serid port (1 or 2). Port 1 isthe Host port and Port 2 is the
User port.

If no character hasbeen received by the desgnated serid port, a0 isreturned
Otherwise, the ASCII code vaue equivaent is returned.

INTEGER  x
STRING a$
DO
X=INCHAR(1)' x= character received or a0
LOOPUNTIL x>0 "wait for character
ab=ab+CHR$H(x) ‘adds input character to a$

Miscellaneous Command

Includes afile name with define Satementsin a user task.
#INCLUDE drive\subdir\...\subdir\filename.iinc
Driveisthe root directory of the drive.
Subdir isthe path required to find thefile.

Flename isthe include filename with extension .inc.

Theinclude file must be a series of #DEFINE statements only and can be used in
any project task file.

Theiwsinc fileisincluded in the MCPI software for Windows. This file can be
used to control alWS-120-SE or IWS-30-SE interface pand!.

#INCLUDE c\mcpiliwsinc 'includefileiwsinc
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INPUT

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

INSTR

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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String Manipulation

Reads a Line of datafrom the designated serid port into astring variable.

INPUT#1,n$
INPUT#1,n$,varl$[ ,var29] ... [var_n9)]
INPUT#1,x
INPUT#1,x,y[,Z] ... [,Z1]
INPUT#2,n$
INPUT#2,n$,varl$[ ,var29] ... [var_n9)]
INPUT#2,x
INPUT#2,X,y[,Z] ... [,Z1]

This command accepts input characters until acarriage return or linefeed is received
by the designated port.

Multiple arguments can be entered on one input line separated by a",". The
arguments can be parameters vaues, strings, Integer vaues and Red vaues.

INPUT#1 designated the Host port and INPUT#2 designates the User port asthe
serid recelver port.

The following data was entered via user port: "A555555,100,10.5,20 " cr

Program:

gring ab

integer X

real y

INPUT#2,a%,x,y ' sets a$="A555555"
'sets x=100
'setsy=10.5

String Manipulation

Returns the character position of the first occurrence of a pecified string in another
dring.

INSTR(string1$,string2$) - used in an expresson
The expresson must be an integer variable.

The comparison is case sendtive and returns a 0 if no match isfound.

a$="WE part# 215629"
a=INSTR(AS,"Part#") 'returnsthe starting position of "part#’ in a$; in this case,

Programming Commands



INTLIM | fevaweoaisraumed Servo Parameters

ACTION:

Sasthe Integrd limit for the controller. This isthe limit of the contribution to the
PROGRAM SYNTAX:| servo output from the integra of the position error.

REMARKS:| INTLIM=expression
INTLIM - usedinan expresson

The expresson isthe Integral Limit of the servo axisin volts.

Limits the contribution of the integral term to the servo loop's output.

INTLIM can be set between 0 and 319.99 volts. Setting it to avaue outsde this
range will result in error number 20. If the input vaueis out of range, the previous
sting isretained. Reading INTLIM returns the present setting in volts.

INTLIM=expression
Satsthe Integra limit to the expresson value.

INTLIM
Returnstheintegrd limit vdue of an axis.

EXAMPLES:

INTLIM=5 'Sastheintegrd limit to 5 volts.

X=INTLIM  'Sasvaiablex to theintegrd limit.
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INTROFFN

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

INTRONN

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Disables an interrupt for an ON...INTRn command.

INTROFFN

An interrupt causes the program to sop what it is doing, go do something dse and
then resume from where it was interrupted. There can be up to 4 software
interrupts in aprogram. The conditions that cause the interrupt

can be programmed and the interrupts can be enabled or disabled individudly. At
the gtart of program execution the interrupts are disabled and must be enabled
within the program. They can dso be disabled within the program.

The n (1-4) defines the interrupt number to be disabled.

INTROFF1 'disablesinterrupt 1 for an ON...INTRn command.

Enables an interrupt for an ON...INTRn command.

INTRONN

An interrupt causes the program to sop what it is doing, go do something ese and
then resume from where it was interrupted. There can be up to 4 software
interrupts in aprogram. The conditions that cause the interrupt

can be programmed and the interrupts can be enabled or disabled individualy. At
the start of program execution the interrupts are disabled and must be enabled
within the program. They can a0 be disabled within the program.

The n (1-4) defines which ON...INTRn command is enabled.

INTRON1  ‘'enddlesinterrupt 1 for an ON...INTRn command.
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JOG

ACTION:
PROGRAM SYNTAX:

REMARKS:

KD

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Jog the motor in a specified direction.
JOG = expression

JOG=expression

The sgn of the expression determines the direction of motion. If the expresson is
postive or 0, jogging will take place in the pogtive direction.

If the expression is negative, jogging will take place in the negetive direction. The
gpeed of the jog move is determined by the last SPEED command.

Use the STOP command for sopping the motor.

Sets or returns the derivative gain for the servo motor.

KD=expression
KD - used in an expression

The expresson isthe derivative gain vaue of the servo axis.
The Units are milliseconds.

The expresson vaue must be positive.

KD must be non-zero for sysem sability. Setting KD affects the gains for the
veocity and feedforward terms. A negative vaue will result in error code 16 as
would avaue that causes any of the affected gainsto exceed their upper bounds.
When a stting for KD results in error code 16, the previous gain settings are
retained. Reading KD returns the present setting.

KD=4 'Sets the derivetive gain to 4 milliseconds.
x=KD 'Sets variable x to the derivative gan.
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Kl

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Sats or returns the Integra gain of the servo motor.

Kl=expresson
Kl - used in an expression

The expresson isthe integral gain vaue of the servo axis.
The Units are milliseconds.

The expresson value must be positive.

Kl, which is specified in ms,, determines how fast the integrd term grows with
non-zero position error. The growth rate isinversdy related to the vaue of K.
For example theintegrd term grows 5 times faster with Kl = 10 than with K1 =
50. A gspecid caseis Kl = 0, which disables the integrd action and sets the
integrd term to zero. When the drive is disabled, the integral term is st to zero.
Satting Kl only affectsthe gain for the integral term. A negative value will result
in error code 17 aswould a smdl enough positive vdue. Most likely, the system
would go ungtable well before a Kl setting resultsin arange error.  When an out
of range error occurs, the previous gain setting isretained. Reading Kl returnsthe
present setting.

Ki=1 'Setsthe integral gain to 1 millisecond.
x=KI 'Sets variable x to the integrd gain.
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P

ACTION:| sesor returns the proportiona gain of the servo motor.

PROGRAM SYNTAX:| KP=expression
KP - used in an expression
REMARKS:

The expresson isthe proportiona gain vaue of the servo axis.
The Units are millivolts'encoder count.

The expresson value must be positive.

KP determines the Sze of the proportiond term for agiven pogtion error. The units

of KP are millivolts per encoder count. A negative vaue will result in error code

15 as would a vaue that causes any of affected gains to exceed their upper

bounds. When a setting for KP resultsin error code 15, the previous gain settings
areretained. Reading KP returns the present setting.

EXAMPLES:
K P=50"Sets the proportiond gain to 50 millivolts'encoder count (.05 volts/encoder

count).
x=KP 'Sets variable x to the proportiond gain vaue.
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KVFF

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

LCASES$

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

118

Sats or returns the velocity feed forward gain vaue for the servo motor.

KV FF=expression
KVFF - used in an expression

KVFF, which is specified in % can be used to reduce the position error during
motion. It does not affect system stability. The minimum error occurs with KV
near 100%. Setting KVFF only affects the gain for the
feedforward term.  Setting KV FF less than O will result in error code 18. Setting
KV FF aove 200 % will result in the feedforward gain exceeding its upper bound
and error E_KVFF_RANGE being set. When setting KVFF and error code 18
results, the previous gain setting is retained. Reading KVFF returns the present
Sting.

The expresson vaue must be postive.

KVFF=100 'Setstheveocity feed forward gain to 100%.
x=KVFF 'Sets variable x to the velocity feed forward gain vaue.

String Manipulation

Converts and returns a string with lower case letters.
string1$=L CA SEH(string2$)

string2$ is copied and all upper case letters are converted to lower case letters and
the resulting string is returned string1$.

This command is useful for making the INSTR command case insengtive,

a$="HELLO"
b$=LCASE$(a$) ' setsh$="hello"
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LEFTS$

ACTION:

PROGRAM SYNTAX:

String Manipulation

Returns the leftmost characters of atring.

string2$=L EFT$(string1$,n)

REMARKS:| Thenisthe number of Ieftmost charactersto return. If nis greater than the length of
stringl$ then the entire string is returned to string2$.
EXAMPLES!|  hg="Hello World"
a$=LEFT$(b$,7) ' sets = "Hello W"
LEN String Manipulation
ACTION:

PROGRAM SYNTAX:

REMARKS:

ters in the designated string.
Kpression

integer type. If the input string isanull string returns a 0.

EXAMPLES,| 'osA=4
MID$ String Manipulation
e number of characters of astring.
ACTION:
t,number)
PROGRAM SYNTAX:

REMARKS:

rg position of the input string (string2%).

The number specifies the number of charactersto return. If the number is
greater than the (length of the string - dtart pogition) the input string is copied from
the tarting pogition to the end of the string.

EXAMPLES:

b$="123"

=MID$E$59) =

Programming Commands
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MOTTRIG

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

MOVEA

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

12U

Sets or returns the hardware trigger level for aMOVEI,
MOVEA, MOVEHOME, JOG or MOVEREG cycle.

MOTTRIG = expression
MOTTRIG —used in an expression

Allows hardware inputs 1 or 2 to trigger motion. Thisresultsin a quick response
time from the input trigger to the gart of motion. The maximum gart dday usng the
MOTTRIG command is 1 millisecond.

The expression specifies the sarting trigger for the above motion commands and
is specified asfollows

0 notrigger required (default) 3 dat motion on event 1 inactive

1 dat motion on event 1 active 4 dart motion on event 2 inactive

2 dart motion on event 2 active

If the expression is not avalue 0-4 MOTTRIG will become 0.

The default is no trigger required when program execution sarts.

This command isignored if commanded motion istaking place. This command is
defined in more detall in Section 8, Gearing

MOTTRIG=1 “ event 1 active trigger required to Start motion
MOVEI =1 * move 1 unit after event 1 goes active
DO : LOOPUNTIL BUSY =1"* wait for motion start

WAITDONE

INTEGER trigger

trigger = MOTTRIG * setsvariable trigger equd to the current MOTTRIG

vaue.
Motion

Initiates the motor to move to the specified absolute position.

MOV EA=expression

The expression represents the specified absolute position.

Move to the specified position. The specified position must not be further

than +/- 2,147,483,647 encoder counts away or error code 21 will be set and no

motion will occur.

MOVEA=-1.0 ' moves to an absolute position of -1.0 units.
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MOVE
HOME

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Runs the motor until the home input is activated, captures and records the position
of the switch activation as home (electrica zero), then decelerates the motor to a
stop.

MOVEHOME=expression

The 9gn of the expresson determines the direction (positive or negative) of motion
for the home cycle. The non-zero vadue of the number is not sgnificant.. The
commanded speed is determined by the last SPEED command that was executed.

The MOVEHOME trigger can be the EVENT 1 input, EVENT 2 input or an
Encoder marker Sate. Thistrigger is defined by the user program Configuration
and Setup, and dso by the EVENT1 or EVENT2 command if they have been
executed prior to the MOVEHOME.

Prior to starting aMOVEHOME moation, the gppropriate trigger input (EVENT
1 or EVENT 2) ischecked to seeif it has dready been triggered. If thetrigger is
aready triggered the ABSPOS and ENCPOS are st to zero and no motion
occurs. Otherwise, the motor accelerates at the ACCEL rate to the commanded
SPEED and continues at this speed until the home trigger condition ismet. When
the home trigger occurs, the motor decderates to astop at the DECEL rate. Once
at astop, the distance traveled from the trigger becomes the new ABSPOS and
ENCPOS vdue. The exact podtion that the motor was a when the trigger
occurred becomes the zer o position, or home.

MOVEHOME=-1.0 'Initiates a mechanicad home cycle in the negaive

direction.

MOVEA=0 ‘"Moves mator back to dectricdl home. (i.e. switch
edge)
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MOVEI

ACTION:| Initiate an incrementa move.

PROGRAM SYNTAX:| MOVEI=expression

REMARKS:| The expression represents the distance to move from its present location. The sign
of the expresson determines the direction (positive or negative) of motion for the
move.

Move the specified incrementa distance from the present pogtion. The increment
must not be greater than +/- 2,147,483,647 encoder counts or error code 21 will
be set and no motion will occur.

EXAMPLES:
MOVEI=-1.0 "moves -1.0 units.
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MOVEREG

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Runs the motor until the mark registration input is activated; then moves the motor
the desired registration distance.

MOV EREG=expresson

The expresson represents the incrementa distance to move after a registration
trigger has occurred. The sign of the expression determines the direction (postive
or negative) of motion for the regidtration cycle. The
distance must not be greater than +- 2,147,488,647 encoder counts or error code
21 will be set and no mation will occur.

The regidration trigger can bethe EVENT 1 input, EVENT 2 input or an Encoder
marker date. This trigger is defined in the user program  Configuration and
Setup, and dso by the EVENTL or EVENT2 command if they have been
executed prior to the MOV EREG.

The Regidration Trave Limit, which is st by command REGLIMIT, limits the
distance that the motor will rotateif no trigger occurs. A REGLIMIT setting of
0, stsno limit for motor rotation while awaiting atrigger. Thisisthe condition after
power up or RESET. The motor speed duringaM OVEREG moveis st by the
SPEED command. When the regigtration trigger occurs, the regidration distance
is checked to determine if the motion can be stopped in the given distance. If it
carrt, then the motion will be stopped using the project's Configuration and
Setup setting for max. accdl, and an error code 134 is set. This error can be
eliminated by increasing the reg. distance, decreasing the speed or increasing the
deceleration.

SPEED = MOVEREG * 2 * DECEL * .96

Prior to garting aMOVEREG moation the appropriate trigger input (EVENT 1 or
EVENT 2) is checked to see if it has aready been triggered. If the trigger has
dready occurred, an incrementa move of the distance specified by the expresson
to the right of the MOVEREG will occur.

A MOVEREG can be sarted with its trigger disabled (except for the two
encoder index marker sdections). The regigtration trigger may then be enabled
later by an EVENT1 or EVENT2 command.

MOVEREG= 1.0 > Initiates a pogitive regidration cycle of 1 unit.
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NOT Boolean Operator

ACTION:| Thelogica NOT operator is used in boolean expressions.

PROGRAM SYNTAX:| NOT expression

REMARKS:| The NOT operator uses the "truth table":
Theresult is TRUE if the expression is FALSE

expression condiition result
True Fase
Fase True
EXAMPLES:;| Do
Loop while (NOT (x=1)) >The controller will continue to execute until

vaiable X does not equd 1.

NVR NVR Memory

ACTION:

Returns or soresaREAL or INTEGER vaueto NVR memory.
PROGRAM SYNTAX:
NVR(dement) — used in an expresson
NVR(expl) —usedinanexpresson
NVR(edement) = expression

NVR(expl) =expresson

REMARKS:

element or expl definesthe NVR location being addressed (1-400).

expression isthe vaue being stored in the specified NVR location.
The NVR has 400 |ocation for storage.
To clear dl 400 locations of NVR use host command CLRNVR.

EXAMPLES| STRING data$
PRINT#2,” load Speed value”

INPUT#2,data$ * input gpeed vaue
NVR(1)=VAL (data$) ‘ save speed vaue
PRINT#2,”load move distance vaue’

INPUT#2,data$ * input move vaue
NVR(2)=VAL (data$) * save move value
SPEED=NVR(1)

MOVEI=NVR(2)
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DO WHILE BUSY : LOOP ‘ wait for motion done
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ON...INTRn

ACTION:

PROGRAM SYNTAX:

REMARKS:

Sets condition to execute subroutine INTRnN.
ON [condition] INTRn
The"n" specifies the interrupt number 1-4.

When the specified condition for the ON...INTRn command becomes
TRUE during program execution and the designated interrupt "n"  has been
enabled, asubroutine call to label INTRnN takes place. Upon completion of the
subroutine the program continues from where it was interrupted and execute the
next program line. The INTRn can be dissbled a any time during program
execution by the INTROFFn command. The INTRn can be enabled at any time
during program execution by the INTRONN command.

The <condition> for each enabled interrupt is checked at the end of execution of
each program line. The firs <condition> thet is TRUE will causethe interrupt to
occur. Because the operating system must check al <conditions> for enabled
interrupts after every program line, excessve use of software interrupts will dow
down the execution of the user=s program.

Note: Other subroutines CANNOT be cdled from within the interrupt routine.

The following example shows the execution flow for two conditions
to be tested. Thefirgt condition which istrue will result in execution of the

appropriate interrupt routing, in this case INTRL: or INTR2:
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ON <condition 1> INTR1
ON <condition 2> INTR2

INTRON1 >turn on interrupt 1

program checks <condition 1> 'if it's TRUE jump to code a INTRL: if not,
continue with next program statement

PROGRAM STATEMENT >execute norma program line

program checks <condition 1> 'check condition 1, if it's TRUE jump to code at
INTRL: if not, continue with next program
Satement

INTRON2 >turn on interrupt2
program checks <condition 1> ‘check condition 1, if it's TRUE jump to code at
INTRL: If not, continue

program checks <condition 2> ‘check condition 2, if it's TRUE jump to INTR2:
If not execute next program statement.

Programming Commands



EXAMPLES:

NEXT PROGRAM STATEMENT ‘execute next line in program

program checks <condition 1> ‘check condition 1, if it's TRUE jump to code at
INTRZ: If not, continue and

program checks <condition 2> ‘check condition 2, if it's TRUE jump to INTR2:
If not execute next program line.

INTROFF1
program checks <condition 2> ‘check condition 2, if it's TRUE jump to INTR2:
If not execute next program line.

INTROFF2 'no conditions are checked since dl interrupts
have been disabled.
NEXT PROGRAM STATEMENT ‘execute next line in program

no conditions are checked since both interrupt
1 and interrupt 2 were disabled with the
INTROFF command.

INTR1: >beginning of interrupt 1 routine

PROGRAM STATEMENTS 'execute program statement interrupt conditions
are not checked after program statements
within the interrupt routine.

RETURN ‘end of interrupt 1 routine
INTR2: >beginning of interrupt 2 routine
PROGRAM STATEMENTS ‘executeinterrupt 1 routine statement interrupt

conditions are not checked after program
gatements within the interrupt routine.

RETURN ‘end of interrupt 2 routine

Up to four interrupt subroutines can be embedded in the program code. A
RETURN command is required a the end of each subroutine. There are four
interrupt subroutines labeled ( INTR1-INTR4).

ONIN (5=1INTR1 " gpecifies input 5=1 as the condition to go sub
INTR1
program statements

INTRON1 "enablesINTR1

program statements

INTR1:
program statements
RETURN
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OR

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

128

Boolean Operator

Thelogica OR operator is used in boolean expressions.

expressonl OR expresson2

The OR operator usesthis "truth Table':

Theresult is TRUE, if either expressonis TRUE.

Expressonl | Expresson2 Condition Result
True True True
True Fase True
False True True
False False False

DO

LOOP until (A >50R X =0) >The controller continues to do the loop Until
variable A >5 or variable X = 0.
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OuT | /O Operator

ACTION:| Sasor returns the condition of aspecified digita output.

PROGRAM SYNTAX:| OUT(n) = expression
OUT(n) - usedinan expression

REMARKS:| nisthe specified output (1-6).

OuUT(n)
Returns a 1 for a commanded active output and a 0 for acommanded inactive
output.

OUT(n) = expression
If the expressonisanon-zero vaue the specified output will be activated.

The output are assigned as follows:

Output Output Designation

OuUT 1

OuUT 2

BCDO/OUT3

BCD2/OUT5

1
2
3
4 BCD1/OUT4
5
6

BCD3/0OUT6

EXAMPLES| ouT(1)=1 ' sets OUT 1 to the active state,
OUT(2)=0 'sets OUT 2 to theinactive Sate

x=0UT(2) >Gets the gtate of output 1 and storesiit to x.

Note that use of the BCD command takes precedent over the OUT command
and will toggle OUT3-OUT6 when caled to strobe the BCD switch bank. If
OUT3-0OUT6 are used as generd purpose outputs, care must be taken not to
invoke a BCD command or the state of the outputs will be disturbed.
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ACTION:| Sasor returns the servo command voltage limit

PROGRAM SYNTAX:| OUTLIMIT=expresson

OUTLIMIT used in an expresson
REMARKS:

Limits the magnitude of the servo loop's output voltage. OUTLIMIT isset to 10

volts a power up. OUTLIMIT can be set between 0 and 10 volts inclusive.
Seiting it to avaue outside this range will causeit to be set to

the nearest vdid vdue. Ex. OUTLIMIT =5 will limit the servo output to +/- 5
volts. Reading OUTLIMIT returns the present setting in volts.

OUTLIMIT= expression
setsthe OUTLIMIT to the expression vaue

OUTLIMIT
returns the current vaue of the OUTLIMIT.

EXAMPLES!|  OUTLIMIT=5 " sets analog output voltage limit to 5 volts

x=OUTLIMIT 'satsvariable x to the OUTLIMIT vaue.
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PRINT

String Manipulation

ACTION:| Transmits designated data via the designated serid port.

PROGRAM SYNTAX:| PRINT#1,[expression][, or ;][expression][, or ;]

PRINT#2,[expression][, or ;][expression][, or ;]
REMARKS:

Port 1 isthe Host port and Port 2 isthe User Port.

expression canbean integer varigble, red variable, parameter, string
vaiable or Literd string. Literd strings must be enclosed in quotation marks.

If acomma"," is used between expressons five spaces will separate expressons.

If asemicolon " is used between expressions there will be no space between
expressons.

Up to 20 expressions can be used with one PRINT command.

If a semicolon )" is used a the end of the PRINT command, no cariage-
return/line-feed sequence will be generated.

EXAMPLES.| ACCEL=105
DECEL=2.1

PRINT#1,"accel=";ACCEL,"dece=";DECEL
"Host output "accel=10.5 decd=2.1" crif

ACCEL=10.5
DECEL=2.1
PRINT#2,"accel=";ACCEL,"decel=";DECEL

" User output "accel=10.5  dece=2.1" crlf

ACCEL=10.5
DECEL=2.1

PRINT#2,"accel=";ACCEL,"decel=";DECEL ;
"User output "accel=10.5 decel=2.1"
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PRINT
USING

ACTION:

PROGRAM SYNTAX:

REMARKS:

132

String Manipulation

Prints strings character or formatted numbers.

PRINT USING #1,"literd string”,[exp][, or;][expl[;]
PRINT USING #1,Format$,[exp][, or;][exp][;]
PRINT USING #2,"literd string”,[exp][, or;][expl[;]
PRINT USING #2,Format$,[exp][, or;][exp][;]

Port 1 isthe Host Port and Port 2 is the User Port.

The numeric values are formatted only using the literd string or a
designated Format$ variable string. This string can contain non-format characters
that will be printed prior to the formatted number. The following charactersin the
gring will not be printed from the gtring:

"0t ot "\ and ). However, these character can be printable
characters by preceding the character with a"\".
Example

requirement to send the following ASCII string with the current sate of
OUT(1) (Output #1 is <state> which is the coolant control)

a$="Output \#1 is# which is the coolant control"
PRINT USING #1,a$,0UT(2)
The resulting serid output:
Output #1 is n which isthe coolant control
where: nisthe state of output (1)

The" " which isthe ddimiter for expressonswill not print spaceslike the PRINT
# command. If spaces are required between expressions they must be added to
the literd string or format$.
Example
ACCEL=10000
DECEL =20000
a$="Acc= 000000 Dcc= 000000"
PRINT USING#1,a%$,accel ,decel
The resulting serid output:
Acc= 010000 Dcc= 020000
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Programming Commands

If the numeric datais larger than the spedified formet than an "*"* will be subgtituted
for the O's and #sin the output.

Example

ABSPOS=1000.54
a$="Position= +O## ##"
PRINT USING #1,a$,abspos

The resulting serid output:
Position= +*** **

Thefollowing specid characters are used to format the numeric fidd:

+

#

0

The sign of the number will dways be printed. The default prints
the negative sgn and subgtitutes a space for the postive sgn.
Represents a digit position. If no data exists a the digit position
ubdtitutes a gpace. The digit fidd will dways befilled.
Represents a digit position. If no data exists a the digit position
ubdtitutes a zero. The digit field will aways befilled.

A decimd point may be inserted at any postionin thefied.

Thevdid formats are;
Left sdeformat Comments

+0000

The sgn with leading zero's will be printed.

+0000. The sgn with leading zero's and decimd point will be printed. The

+HHH

right Sde formet is optiond.
The leading spaces with asgn and digits will be printed.

+iH#H##. The leading spaces with a Sgn, digits and decimd point will be

0000

0000.

HHHHE

HHHHE.

printed. Theright Sde formet is optiond.

The - sign or a gpace with leading zero's will be printed.
The - 9gn or a gpace with leading zero's and decimd point
will be printed. Theright Side formeat is optiondl.

The leading spaces with a - 9gn or aspace and digits will
be printed.

The leading spaces with a - Sgn or a space, digits and
decima point will be printed. The right Sde format is
optiond.

The sign and decimd point will be printed. This requires
theright Sde format aso.

The - sign or a space and decimd point will be printed.
This requires the right Sde format dso.
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EXAMPLES:
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Right side for mat Comment

0000 Prints digits with tralling zero's.
it Prints digits with trailing spaces.
O0## Prints two digits minimum with trailing spaces.

If the expressons are literd drings or variable strings they will be printed asis.

If asemicolonisused at the end of the Print Using command, no carriage-return
/ line-feed sequence will be generated.

When numeric data is to be printed, the format gring is searched from the
beginning for aformat character (+0#.). The string data up to this position is sent
via the serid port. The format characters (+0#.) are now processed and the
formatted vaue is sent via the serid port. When the next numeric data is to be
printed, this process continues from the current pogtion in the siring. When the end
of the format string is encountered and numeric data is to be printed, a default
format (PRINT # format) is used. If the format string end is not encountered and
the command is complete the remaining characters in the format string will be
printed.

Thefollowing exampleillustrates how the format string is processed. The
command is:
PRINT USING#1,"Numbers are +#####t ## O## **",100.54,"mv",
999,"cnts’ ,H4," islimit"
The" Numbersare" is extracted from the string and sent via serid port. The
"+ is extracted from the dtring as the data format, which results in
"+100.54" being sent via serid port. The string " mv" is sent via serid port. The
" " isextracted from the string and sent via serid port. The" ##" is extracted
from the gtring as the data format, which resultsin 999" being sent via serid port.
Thedring " cnts" issent viaserid port. The" " isextracted from the string and
sent via serid port. The " O##" is extracted from the dring as the data format,
which resultsin "054" being sent viaserid port. Thedtring ™ islimit" is sent via
serid port. The" **" isextracted from the string and a crlf is gppended and sent
viaserid port. Theresulting sring is:

Numbers are +100.54mv 999cnts 054 is
limit** <cr><If>

PRINT USING #1,"The time is ##, ##am",12,30
Thetimeis 12; 30am<cr><If>

PRINT USING #1,"today-s date is 00\0O\\#####",1,31,1980;
today-s dateis 01\ 31\ 1980

ABSPOS=10560.32

PRINT USING #1,"Absolute Position is +O######. Ot# units' ,abspos
Absolute Position is +0010560.32 units <cr><|f>
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REGLIMIT

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

RIGHTS

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Over Trave Limit

Sets or returns the distance to be moved during aM OVEREG cycle, while awaiting
atrigger. If no trigger occurs, aMOVEREG cycle behaveslike

aMOVEI cyde, with the distance specified by REGLIMIT.

REGLIMIT must be set prior toa MOVEREG cycle.

REGLIMIT - used in an expresson
REGLIMIT=expresson

REGLIMIT
Return the current MOV ERERG traved disance. The vauereturnedis$ 0.

REGLIMIT=expresson
Sets the MOVEREG travel disance. REGLIMIT should be set to a postive
number or 0. Setting REGLIMIT = 0, or anegative number, dlowsaMOVEREG
to run indefinitely while awaiting atrigger. If REGLIMIT <0 then REGLIMIT will
be set to O.
REGLIMIT=0' disablesthe MOVEREG trave digance limit.

REGLIMIT=10 ' st the MOV EREG travd digtance limit to 10 units.

String Manipulation

Returns the rightmost characters of asring.
string1$=RIGHT$(gtring2$,n)
Thenisthe number of rightmost charactersto return. If nis gregter than the length

of string2%$ then the entire string is returned to string1$.

b$="Hdlo World"
a$=RIGHT$(b$,4) ' setsas="orld"
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SOFTLIM
NEG

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Over Trave Limit

Programmable "software limit switch" for motion in the negative direction  Sets or
returns the absolute negative travel limit pogtion vaue for the motor.

SOFTLIMNEG=expression
SOFTLIMNEG - used in an expression

Software travel limits are used to stop the motor when the commanded position

(ABSPOS) exceeds the programmed software travel limit. There are two software

travel limits, one for + and one for - motor rotation. The

+ software trave limit is tested when the motor isrotating in the + direction. The -
software trave limit is tested when the motor is rotating in the - direction.

The software trave limits are checked if they are enabled and a motion other than
MOVEHOM E isoccurring.

The softwaretravel limits power up dissbled (SOFTLIMOFF). At power up, the
-softwaretravd limitis sat to-2,147,481,647 encoder counts avay from 0. This
setting is changed with the SOFTLIMNEG command.

When a travel limit is exceeded, the motor is decelerated to a stop using the

maximum accd value, and an error code is set. Code 130 is set when the +
software limit is exceeded and code 131 when the - software limit is exceeded.

SOFTLIMNEG=expression
Sets the absolute travel distance.

SOFTLIMNEG - usedin an expresson
Evauates and returns the absolute software trave disance.

SOFTLIMNEG =-4 ' Setsthe absolute software travel distance to -4 units.
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SOFTLIM
OFF

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Over Trave Limit

Disables the software over travd limits.
SOFTLIMOFF

Software travel limits are used to stop the motor when the commanded position

(ABSPOS) exceeds the programmed software travel limit. There are two software

travel limits, one for + and one for - motor rotation. The

+ software trave limit is tested when the motor isrotating in the + direction. The -
software trave limit is tested when the motor is rotating in the - direction.

This command disables the negative and pogitive software limits checking during
moation.

SOFTLIMOFF 'Disables the negative and pogitive software limits.
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SOFTLIM
ON

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Over Trave Limit

Enables the software over trave limits.
SOFTLIMON

Software travel limits are used to stop the motor when the commanded position

(ABSPOS) exceeds the programmed software travel limit. There are two software

travel limits, one for + and one for - motor rotation. The

+ software trave limit is tested when the motor isrotating in the + direction. The -
software trave limit is tested when the motor is rotating in the - direction.

This command enables the negative and postive software limits checking during
moation.

The software travel limits are checked if they are enabled and motion other than
MOVEHOME (move to home) is occurring.

The software trave limits power up dissbled (SOFTLIMOFF) and are set to
2,147,481,647 encoder counts awvay from 0. These sattings can be subsequently
changed with commands SOFTLIM POS and SOFTLIMNEG.

When a travd limit is exceeded, the motor is decelerated to a stop using the

maximum accel vaue, and an error code is set. Code 130 is set when the +
software limit is exceeded and code 131 when the - software limit is exceeded.

SOFTLIMON 'Enables the negative and positive software limits.
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SOFTLIM
POS

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Over Trave Limit

Programmable "software limit switch” for motion in the positive direction. Sets or
returns the absolute pogtive trave limit position value for the motor.

SOFTLIMPOS=expression
SOFTLIMPOS - usedin an expresson

Software travel limits are used to stop the motor when the commanded position

(ABSPOS) exceeds the programmed software travel limit. There are two software

travel limits, one for + and one for - motor rotation. The

+ software trave limit is tested when the motor isrotating in the + direction. The -
software trave limit is tested when the motor is rotating in the - direction.

The software trave limits are checked if they are enabled and a motion other than
MOVEHOM E isoccurring.

The softwaretravel limits power up dissbled (SOFTLIMOFF). At power up, the
+software travel limit is set to +2,147,481,647 encoder counts away from O.
This seiting is changed with the SOFTLIMPOS command.

When a travel limit is exceeded, the motor is decelerated to a stop using the

maximum accd value, and an error code is set. Code 130 is set when the +
software limit is exceeded and code 131 when the - software limit is exceeded.

SOFTLIMPOS=expression
Sets the absolute travel distance.

SOFTLIMPOS - used in an expression
Evauates and returns the absolute travel distance.

SOFTLIMPOS = +4 ' Setsthe absolute trave distance to +4 units.
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SPEED

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

STOP

ACTION:
PROGRAM SYNTAX:
REMARKS:

EXAMPLES:
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Sets and returns the target velocity of the motor.

SPEED = expression
SPEED - used in an expresson

SPEED - used in an expresson
Evauates and returns the target velocity.
SPEED = expression
Setsthe target speed for motion. Specifying avaue < 0, resultsin atarget speed
of 0. Specifying avaue greater than "Max Speed” set in the Configuration and
Setup will result in atarget speed of "Max Speed”. At power up the target speed
isinitidized to 25% of "Max Speed". SPEED can be sat during motion, the new
sdting is effective immediatdly.

SPEED=3.0 ' Sets the velocity to 3.0 units/second.
x=SPEED "setsx to 3.0.

Stops any mation with a controlled stop.
STOP
Stop the motor using the programmed decel and velocity profile.

STOP ' generates a motion stop command.
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STR$ String Manipulation

ACTION:| Returns astring representation of a numeric expression.

PROGRAM SYNTAX:|  gringl$=STR$(numeric_expression)

REMARKS:| The numeric expression can be a parameter vaue, red vaue or integer vaue.

The STR$ command is the complement of aVVAL command.

EXAMPLES:
STRING ab,bs,c$
INTEGER X
REAL y
ACCEL=10.5
x=100
y=2.1
a$=STR$ACCEL) ' setsa$="10.5"
b$=STR$H(X) ' sets b$="100"
C$=STRH(y) ' sets c$="2.1"
STRING$ String Manipulation
ACTION:

PROGRAM SYNTAX:| Returnsastring of characters.

REMARKS:|  sring1$=STRING$(num,code)

The num indicates the length of the returned string.

The code isthe ASCII code of each character.

EXAMPLES:| a$=STRING$(10,63) ' sets ap="777777777"
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TIMER

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

UCASES$

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Sats or returns the timer vaue.

TIMER=expression
TIMER - used in an expresson

TIMER = expresson
Setsthe timer vaue to the expression. The vaueisin seconds.

TIMER
Returns the current timer vaue to the variable.

Thetimer isfree running and counts up in .001 second increments. After
reaching avaue of +2,147,481.647 seconds, the timer wraps around

to -2,147,481.647 and continues to count towards zero (i.e. the next count
is-2,147,481.646). Programs which use large timer values must teke this

into account and adjust gppropriately.
TIMER=0 'Setsthe Timer vaueto O.
DO
datements
LOOPWHILETIMER< 1.0 'Do thisloop until timer >= 1.0

String Manipulation

Converts and returns a string with upper case letters.
string1$=UCA SE$(string2%)

string2$ is copied and dl lower case letters are converted to upper case letters and
the resulting string is returned string1$.

This command is useful for making the INSTR command case insengtive.

as="hello"
b$=UCASE$(a$)  'setsb$="HELLO"
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UNITID Daisy Chain

ACTION:
PROGRAM SYNTAX:| Reurnsthe current ID.

REMARKS:| UNITID - used in an expression

The unit id vaue returned is 1-32. The value read from the unit id switches on

power-on.

EXAMPLES:| ID=UNITID 'sets variable ID to the unit id number
IF VAL(unitid$) = ID THEN " if received unit id matches the unit id

" number execute the following statements

YYY
YYY
END IF
VAL String Manipulation

ACTION:

PROGRAM SYNTAX:
Return the numeric vaue of adring.

REMARKS:
VAL(N$) - used in an expression

n$ is the designated string.

Only numeric values are returned. Thefirst character that cannot be part
of the number terminates the string. If no digits have been processed a vaue of
zero is returned.

EXAMPLES:

STRING ab,ndb

a$="134 Main 3"

b$="10.55 dollars"

x=VAL (a$) ' sets x=134
y=VAL (b$) ' setsy=10.55
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WAIT

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

WAITDONE

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

144

Waits for the specified period of time to expire before continuing.
WAIT=expresson

Program execution is suspended until the desired time has egpsed. The vdue
entered isin seconds.

WAIT=11 "Waits 1.1 seconds and then continues.

Waits for amotion to be completed.
WAITDONE

WAITDONE
Waits for motion to be completed before program execution continues.

An dternate way to accomplish the WAITDONE function is as follows:
DO

LOOPWHILE BUSY ' Waits until mation is
completed.

WAITDONE >Waits for mation to be complete before continuing
program execution .
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WNDGS

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Enables or disables the servo drive.

WNDGS=expression
WNDGS - used in an expression

The drive enable output powers up in the off sate. This insures an initidly safe
condition. The WNDGS command controls the drive enable output. WNDGS =1
turns the enable on and WNDGS =0 turnsiit off.
Although the WNDGS command can be executed at any time, the drive engble
output is only changed when motion is not occurring. The State of the drive enable
output can be read usng the "WNDGS' command. A return vaue of 0 = not
enabled, 1 = enabled.

When the drive enable s off, the servo loop'sintegra term is zeroed and the servo
loop output is Ov. When the drive enable is turned on, the commanded position
(ABSPOS) is st equa to the encoder position (ENCPOS).This forces the
position error to zero so that the servo loop output does not cause unexpected
motion. If motion is commanded when the driveis disabled, error code 135 is st
and no motion occurs.

The expresson vaue must be zero or a positive number.
PRINT#L,WNDGS ' Printsthe Sate of the servo drive windings

WNDGS=1 ‘enables the servo drive.
WNDGS=0 'disables the servo drive.

Programming Commands 145



Section 6.2

Host Commands
Reference Guide

146 Host Commands



6.2.0 Host Commands

One method of operating the controller is to program it via a PC using the commands detailed in the previous
section, then st it up asastand-aone system. In that case, after it is programmed, the programmer does not need
to communicate with any outside computer syssem. However, another method of system operation involves
connecting the controller to some type of "host" computer, viathe "HOST RS-232" or "HOST RS-485" port.
Then, that computer may direct its operation and query its status from time to time, if desired. To do this, you use
the "Host Commands' detailed below. The full command may be spelled out, or the abbreviated commands in
parentheses may be used. Note: Except for the immediate commands, all host commands MUST be
preceded by an ESCAPE character for them to be recognized while a program isexecuting. Items placed
in quotes (e.g., " ?") arekey pressesor ASCII charactersand arenot spelled out in letters.

6.2.1 Host Commands Grouped by Function

MOTION PAGE
BUSY (BS) Returns the motion status of the axis. 148
CMDPOS Returns the commanded position of the motor in units. 149
EVENTL1 (E1) Sets enable or disable and trigger state or returns eventl input Sete. 155
EVENT2 (E2) Sets enable or disable and trigger state or returns event2 input state. 155
FEEDHOLD (FH) Control stops any mation. 156
JOG (JH Runs continuoudy in the specified direction. 160
MOVEA (MA) H Initiates an absolute indexed move. 162
MOVEHOME (MH)H  Run until the home input is activated. 162
MOVEI (M) H Initiates an incremental indexed move. 163
MOVEREG (MR) H Runs until the regtration input is activated, 163
then moves the specified distance.
STOP (S Control stop any motion. 169
WNDGS (WN) Enable/disable servo drive. 170

TRAJECTORY PARAMETERS

ABSPOS (P) H Sets or returns the absol ute position. 147
ACCEL (AC)H Sets or returns the acceleration rate in units/'sec/sec. 147
DECEL (DC)H Sets or returns the deceleration rate in units/sec/sec. 151
DIST H Returns the distance moved from the tart of the last commanded 152
motion or changes the move distance during indexed motion.

ENCPOS (EP) Returns the encoder absolute position. 152
ENCSPD (ES) Returns the current speed. 153
SPEED (SPD) Setsor returns the commanded target speed. 169
SERVO PARAMETERS

FOLERR (FE) H Sats or returns the following error. 156
INTLIM (IL) H Sets or returns the servo axis integrd limit. 159
KDH Sets or returns the servo axis derivative gain. 160
KI H Sets or returns the servo axisintegra gain. 160
KPH Sets or returns the servo axis proportiond gain. 161
KVFFH Sets or returns the servo axis velocity feed forward gain. 161
OUTLIMIT (OL) H Sets or returns the torque output voltage limit. 164
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1/0

ANALOG (AN)
BCD

IN (1)

OUT (O)

TRAVEL LIMITS

HARDLIMOFF (HLO)
HARDLIMON (HL1)
REGLIMIT (RL) H

SOFTLIMNEG (SLN) H

SOFTLIMOFF (SLO)
SOFTLIMON (SL1)

SOFTLIMPOS (SLP) H

MISCELLANEOUS

CLRNVR Initidize dl location in NVR memory to 0.

DIR Returns the user project information.

ERR Return error number.

FREEMEM Return the user program free memory byte vaue.

NVR Returns or soresa REAL or INTEGER vadueto NVR memory.
RESET Reset operating system.

REVISION (REV)
RUN H

IMMEDIATE

ABACKSPACH)
ACTRL-AQ
ACTRL-C{

AESCAPH)
DAISY CHAINING

<nn
<nn?

<00

GEARING

ENCPOS2
ENCSPD2

HIMPORTANT:

148

Returns the analog input voltage.

Returns the BCD switches value,

Returns the discrete input state of the pecified input.
Sets the discrete output State of the specified output

Disables hard limits.

Enables hard limits.

Sets or returns the MOV EREG limit distance.

Sets or returns the software absol ute negative travel distance.
Disable soft limits.

Enables soft limits

Sets or returns the software absolute postive travel distance.

Returns operating system revison and date.
Execute user program from the start.

Delete one character in the host buffer.

Stop motion immediately and terminate program execution.
Stop motion immediately and terminate program execution.
The analog output voltage for aservo is disabled.
Immediate Host command.

Enables a specific unit (nn =01 to 32)

Enables a specific unit (nn = 01 to 32) which

then sends back itsunit ID.

Places dl units on the chain in acommand listen mode,
the units can not tranamit.

Returns the Encoder 2 position in units.
Returns the current Encoder 2 velocity in units/'second.
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Host commandsindicated with a(H) WILL NOT execute if aprogram is executing. The program execution must
be hdted, and the Host command re-entered for it to take effect.
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6.2.2 Host Command Summary (alphabetical list)

<nn
<nn?

<00

A
ABSPOS (P)
ACCEL (AC)
ANALOG (AN)

B
BACKSPACE
BCD

BUSY (BS)

C
CLRNVR
CMDPOS
CTRL-A
CTRL-C

D

DECEL (DC)
DIR

DIST

E

ENCPOS (EP)
ENCPOS2
ENCSPD (ES)
ENCSPD2
ERR
ESCAPE
EVENT1 (E1)
EVENT2 (E2)

F

FEEDHOLD (FH)
FOLERR (FE)
FREEMEM
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Note: The full command may be spelled out,

or the abbreviated commandsin parentheses may be used.

Enables a specific unit (nn =01 to 32)

Enables a specific unit (nn = 01 to 32) which

then sends back itsunit ID.

Places dl units on the chain in a command listen mode,
the units can not tranamit.

Sets or returns the absol ute position.
Sets or returns the acceleration rate in units/sec/sec.
Returns the andog input voltage.

Ddete one character in the host buffer.
Returns the BCD switches value.
Returns the mation status of the axis.

Initidize dl location in NVR memory to 0.

Returns the commanded podition of the motor in units.
Stop motion immediatdly and terminate program execution.
Stop motion immediatdly and terminate program execution.
The servo drive endble is turned off.

Sets or returns the deceleration rate in units/'sec/sec.

returns the user project information.

Returns the distance moved from the sart of the last commanded
motion or changes the move distance during indexed motion.

Returns the encoder absolute position.

Returns the Encoder 2 position in units.

Returns the current speed.

Returns the current Encoder 2 velocity in units/'second.
Returns error number.

Immediate host command.

Sets enable or disable and trigger Sate of eventl.

Sets enable or disable and trigger state of event2.

Control stops any motion.
Sets or returns the following error.
Return the user program free memory byte vaue.
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H

HARDLIMOFF
(HLO)

HARDLIMON
(HL1)

|
IN (1)
INTLIM (IL)

J
JOG (J)

K

KD
Kl
KP
KVFF

M
MOVEA (MA)
MOVEHOME (MH)
MOVEI (MI)
MOVEREG (MR)

N
NVR

o)
OUT (O)
OUTLIMIT (OL)

R
REGLIMIT (RL)

Disables hard limits.

Enables hard limits.

Returns the discrete input state of the specified input.
Sets or returns the servo axisintegra limit.

Runs continuoudy in the specified direction.

Sets or returns the servo axis derivative gain.

Sets or returns the servo axisintegrd gain.

Sets or returns the servo axis proportiona gain.

Sets or returns the servo axis velocity feed forward gain.

Initiates an absolute indexed move .

Run until the home input is activated.
Initiates an incrementa indexed move.
Runs until the regidration input is activated,
then move the specified distance.

Returns or storesa REAL or INTEGER vaue to NVR memory.

Sets the discrete output State of the specified output
Sets or returns the torque output voltage limit.

Sets or returns the MOV EREG limit distance.

RESET Reset operating system.

REVISION (REV)
RUN

S

SOFTLIMNEG (SLN)

SOFTLIMOFF (SLO)
SOFTLIMON (SL1)
SOFTLIMPOS (SLP)
SPEED (SPD)

STOP (9

w
WNDGS (WN)

Host Commands

Returns operating system revision and date.
Execute user program from the start.

Sets or returns the software absolute negative travel distance.
Disable soft limits.

Enables soft limits

Sets or returns the software absolute positive travel distance.
Sets or returns the commanded target speed.

Control stop any motion.

Enable/disable servo drive.
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ABSPOS

ACTION:

PROGRAM SYNTAX:

REMARKS:

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

6.2.3 Host Commands - Alphabetical Listing

Functional list of all HOST commandswith syntax and examples

Notes: "cr" meansthe carriage return key in the following descriptions.
Each command may be spelled out, or the abbreviated command may be

used, where applicable.
Daisy Chain

Enables a specific unit on the Host daisy chain to receive and tranamit information.
<nncr

Annd is a unit id number from 01,02..32. Leading zeros are required when
specifying unit id numbers lessthan 10. 00 is a specia case as described below.

This commeand is used to communicate to multiple units from asingle host computer.
In this arrangement the Host communications ports of two or more units are wired
together in RS-485 mode as shown previoudy in the wiring section. Each unit must
aso have its ID switches st to a unique ID number. One (and only one) unit
MUST have its switches set to ID number 1. This unit will transmit aRDY upon
reset, the others will not.

In order to accept commands from the Host device, a particular unit must be set
to the active mode. The Host accomplishes this by sending the device attention
character (<) followed by the two number device ID and a carriage return, line
feed. If nn matches the controller ID number as sat on the ID switches, that unit
becomes the active controller on the chain.

If the Host requires an acknowledgement that a pecified unit isin the active mode,
the Host may send a<nn?cr . If any unit is on the chain and in the active mode, it
will trangmit its 1D number as two characters.

All controllers on the chain may be placed in acommand lisen mode. In this mode,
al unitswill actively ligen for and respond to commands, but will not transmit any
response. Thisis useful for synchronizing multiple units by smultaneoudy sarting
their motion. To place the unitsin this mode, the Host must send <00 cr. In order
to exit the command lisen mode an individud unit must be re-activated (e.g. <O1).

<05 " sets unit with 1D number 5 to the active mode.
<06? " queries whether unit 6 is on the chain and active

" unit 6 will respond with "06" if itis.
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<00 ' sets dl units to the command listen mode.
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Trajectory Parameters

Sets or returns the commanded absolute position of the motor.

ABSPOS=number cr
ABSPOS cr

Abbreviation P can be used in place of ABSPOS.

See Programming Command ABSPOS.

EXAMPLES:

ACCEL

ACTION:
PROGRAM SYNTAX:

REMARKS:

ABSPOS=2

'sets absolute position to 2 units.

ABSPOS 'returns the current absolute position

on vaue of an axis.

xd in place of ACCEL.

See Programming Command ACCEL.

EXAMPLES:

ANALOG

ACTION:
PROGRAM SYNTAX:

REMARKS:

s the acceleration rate to 2 units/sec?.

leinvolts.

id in place of ANALOG.

See Programming Command ANAL OG.

EXAMPLES:

Host Commands

s the analog input voltage vaue.

| /O Operator
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"BACK
SPACE"

ACTION:

PROGRAM SYNTAX

BCD

ACTION:
PROGRAM SYNTAX:

REMARKS:

The Backspace key or ASCII code 08 can be used to delete one character from
the host receiver buffer.

Pressthe BACKSPACE (=) key or send ASCII 08.

Note: Thiscommand is placed in quotes. Thisisbecauseitisakeypressor ASCII
code and is not spelled (typed) out in letters. The ASCII code may be sent to the

controller if akeyboard is not used.
| /O Operator

Returns the value on the BCD switches.
BCD cr

See Programming Command BCD.

EXAMPLES:

BCD switches vdue.

BUSY

ACTION:
PROGRAM SYNTAX:

REMARKS:

Abbreviation BS can be usad in place of BUSY.

See Programming Command BUSY
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EXAMPLES| gysy o ‘returns the motion status.
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CLRNVR

ACTION:| Initidizedl location in NVR memory to O.

NVR Memory

PROGRAM SYNTAX:| CLRNVRcr

REMARKS!| If aninitidization value other than zero is required execute the following basic

program.

REAL data
INTEGER count

data= 1.0 “initidization vaue
FOR count=1 to 400
NV R(count)=data “initidize NVR location
NEXT count
END

EXAMPLES.| CLRNVR “initidizesdl NVR location to O

CMDPOS

ACTION:

Returns the commanded position of the motor in units.
PROGRAM SYNTAX:

CMDPOS cr
REMARKS:

This command is defined in more details Section 8 Electronic Gearing.
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"CTRL-A"

ACTION:

PROGRAM SYNTAX:

REMARKS:

"CTRL-C"

ACTION:

PROGRAM SYNTAX:

REMARKS:

Host Commands

Stops mation by decderdting the motor using the maximum accderation vaue in the
Configuration and Setup. The servo system remains energized, and program
execution terminates. This command has the same effect as the hardware CLEAR

inpu.

Simultaneoudy pressthe control key, CTRL, and A keys. ASCII code 01 may dso
be used.

"CTRL-A" will stop program execution and motion.
Note: This command is placed in quotes. Thisis becauseit isakeypress

or ASCII code and is not spelled (typed) out in letters. The ASCII code may be
sent to the controller if akeyboard is not used.

Performsthe same function asthe CTRL-A, but dso de-energizesthe servo system
by turning off the DRIVE ENABLE sgnd and commanding OV on the SERVO
CMD andog output.

Simultaneoudy press the control key, CTRL, and the C keys. ASCII code 03 may
also be used.

"CTRL C" will gop program execution and mation. When motion stops the servo
driveisdisabled.

To re-enable the servo drive use the WNDGS=1 command.
Note: Thiscommand isplaced in quotes. Thisisbecauseit isakeypressor ASCII

code and is not spelled (typed) out in letters. The ASCII code may be sent to the
controller if akeyboard is not used.
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DECEL

ACTION:

PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

EXAMPLES:

DIR

ACTION:
PROGRAM SYNTAX:

REMARKS:

Trajectory Parameters

Sets or returns the deceleration value.

DECEL=number cr
DECEL cr

Abbreviation DC can be used in place of DECEL.

See Programming Commeand DECEL .

'sets the decderation value to 3.1 units/sec?.

Miscellaneous

DECEL=3.1

Returns the user project information.
DIR cr

If thereis no user project, DIR returnsacrlf.

Returns the following ASCII format:

EXAMPLES:
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VER n.nNn
pPPPPPPPp MmMiddlyyyy hh:mm
where:

n.nn project compiler verson.

PPPPPPPP project name. Up to 8 characters can be used for a
project name. If less than 8 charactersis used to identify
aproject the trailing characters will be spaces.

mm month the project was compiled.

ad day the project was compiled.

YWYy year the project was compiled.

hh hour the project was compiled.

mm minutes the project was compiled.

DIR cr "with no project loaded
crlf
DIRcr "with project test1 loaded

VER 1.00crlf
testl 06\26\1996 12:30

Host Commands



compiled with verson 1.00 compiler. Project name is testl.
compiled June 26 1996 at 12:30.

Host Commands 159



DIST

ACTION:

Trajectory Parameters

Returns the distance moved from the gart of the last commanded motion or changes
the move distance during indexed motion.

PROGRAM SYNTAX:| DIST=number cr
DIST cr
REMARKS:|  See Programming Command DIST.
EXAMPLES| pjsT ' returns the distance traveled from the start of maotion.
MOVEI=-25
DIST=-10 " shorten the move by 10 units
ACTION:
Returns the encoder position.
PROGRAM SYNTAX:
ENCPOS cr
REMARKS:
Abbreviation EP can be used in place of ENCPOS.
See Programming Commeand ENCPOS.
EXAMPLES| ENCPOS

ENCPOS2

ACTION:
PROGRAM SYNTAX:

REMARKS:
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' returns the encoder position.
Gearing

Returns the Encoder 2 position in user units.
ENCPOS2 cr

This command is defined in more detail in Section 8 Electronic Gearing.

Host Commands



ENCSPD

ACTION:

PROGRAM SYNTAX:| Returnsthe current encoder speed in units/second.

REMARKS:| ENCSPD cr

Abbreviaion ES can be used in place of ENCSPD.

See Programming Command ENCSPD.

EXAMPLES| ENCSPD  * returns the current encoder speed.

ENCSPD2 Gearing

ACTION:

PROGRAM SYNTAX:
Returns the current Encoder 2 velocity in units/second.

REMARKS:

ENCSPD2 cr

This command is defined in more detalls in the Gearing section of the manudl.
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ERR

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

" ESCAPE"

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Miscellaneous

Returns the error status of the controller.
ERR cr

See Programming Command ERR.

ERR cr' return the error status.

The ESCAPE command is used during program execution to dlow host commands
to be executed.

Press the ESCAPE key or send ASCII code 27.

The ESCAPE command must precede a host command during program execution
in order for it to be executed.

Note: Thiscommand isplaced in quotes. Thisisbecauseit isakeypressor ASCII
code and is not spelled (typed) out in letters. The ASCII code may be sent to the
controller if akeyboard is not used.
"ESCAPE" ABSPOS cr " returns the absol ute position
"ESCAPE" STOPcr ' stops motion

"ESCAPE" FEEDHOLD cr ' Feedhold motor
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EVENT1

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

EVENT?2

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Host Commands

Setsthetrigger polarity and trigger enable, which are used inaMOVEHOME and
MOVEREG cycle.

EVENT1=number cr
Abbreviation E1 can be used in place of EVENTL.

See Programming Command EVENT 1

EVENT1=0 'disables EVENTL trigger if assgned asa
MOVEREG or MOVEHOME trigger.
EVENT1=1 'Sets EVENTL trigger to poditive edge triggering and
enablesthetrigger.
EVENT1=-1 'Sets EVENTL trigger to negative edge triggering and
enables the trigger.

Setsthetrigger polarity and trigger enable, which are used inaMOVEHOME and
MOVEREG cycle.

EVENT2=number cr
Abbreviation E2 can be used in place of EVENT2.

See Programming Command EVENT 2

EVENT2=0
Disables EVENT2 trigger if assgned asa MOVEREG trigger.

EVENT2=1
Sats EVENT2 trigger to positive edge triggering and enables the trigger.

EVENT2=-1
Sets EVENT2 trigger to negative edge triggering and enables the trigger.
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FEEDHOLD

ACTION:

PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

This command stops al motion by decderating a the programmed decel rate.
The user program  continues to run. Mation may be continued by issuing a RUN
host command or toggling the RUN hardware input from inactive to active.
FEEDHOLD cr

Abbreviation FH can be used in place of FEEDHOLD.

FEEDHOLD
Control stops any motion. The control sopping rate is the programmed DECEL

EXAMPLES:

FOLERR

ACTION:
PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

rate.
To resume the stopped motion issue aArun” host command.

To cancd the motion issue a <Ctrl-A> host
command.

FEEDHOLD cr

Sets or returns the position error limit. When the position error limit is exceeded,
any ongoing motion is stopped and an error is L.

FOLERR=Nnumber cr
FOLERR cr

Abbreviation FE can be usad in place of FOLERR.

See Programming Command FOLERR.

EXAMPLES: ition error limit is st to .5 units
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ACTION:| Returnsthetotd program space available and the amount of free memory remaining
for program storage.

PROGRAM SYNTAX:| FREEMEM cr

REMARKS:| Thereturnformat is
tttt,nnnn

where: tttt tota number of 8 bit bytesavailable.
nnnn - number of 8 bit byte remaining.

An option to save or not save the source code for the project is selected by

accessing the System menu item Source Code in the MCP Programming

Environment . The saving of the source code results in the compressed source

code being added to the compiled project during a project download. If more

memory is required to store the project smply select the do not save the source
code.

EXAMPLES!| FREEMEM cr
8192,8000

8192 total bytes available with 8000 bytes remaining
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HARDLIM
OFF

ACTION:
PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

EXAMPLES:

HARDLIM
ON

ACTION:
PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

EXAMPLES:
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Disables the hardware limit inputs.

HARDLIMOFF cr

Travel Limits

Abbreviaion HLO can be used in place of HARDLIMOFF.

See Programming Command HARDL IM OFF.

HARDLIMOFF

‘hard limit inputs are generd purpose.

Enables the hardware limit inputs.

HARDLIMON cr

Travel Limits

Abbreviation HL 1 can be used in place of HARDLIMON.

See Programming Command HARDL IM ON.

HARDLIMON

'hard limit inputs are active
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IN

ACTION:

PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

EXAMPLES:

INTLIM

ACTION:

PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

EXAMPLES:

Host Commands

| /O Operator

Returns the date of adigitd input.

IN(nn) cr

Abbreviaion | can be used in place of IN.
See Programming Command I N.

IN(6) " current state of input 6 is returned.

Satsthe Integrd limit for the contraller. Thisis the limit of the contribution to the
servo output from the integra of the position error.

INTLIM=number cr
INTLIM cr

Abbreviation IL can be used in place of INTLIM.

See Programming Command INTLIM.

INTLIM=5 'Setstheintegrd limit to 5 volts
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JOG

ACTION:| Movein the specified direction.

PROGRAM SYNTAX:| JOG = number cr

ABBREVIATION:| AbbreviationJ can be used in place of JOG.

REMARKS!|  See Progranming Command JOG.

EXAMPLES:| JOG=+1 ' start a jog in the positive direction.
KD Servo Parameters
ACTION:

Sets or returns the derivative gain for the servo motor.

PROGRAM SYNTAX:
KD=number cr

REMARKS:| KDor

See Programming Command K D.

EXAMPLES:jyative gain to 10 millissconds

g

ACTION:

PROGRAM SYNTAX: an of the servo motor.

REMARKS:
See Programming Command K 1.
EXAMPLES:| k|=1 'Sets the integral gain to 1 millisecond.
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KP AL Scr\/O Parameter's

ACTION:

PROGRAM SYNTAX:
Sets or returns the proportional gain of the servo motor.

REMARKS:| KP=number cr
KPcr

See Programming Command KP.

EXAMPLES!| KP(2)=50 'Sets the proportiond gain to 50 millivolts'encoder count (.05
voltsencoder count).

KP ' returns the current vaue for proportiona gain
KVEE Servo Parameters

ACTION:
PROGRAM SYNTAX:

feed forward gain value for the servo motor.
REMARKS:

KVFFcr

See Programming Command KVFF.

EXAMPLES: 5 the velocity feed forward gain to 100%.

KVFF "Teturn the current velocity feed forward gain
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MOVEA

ACTION:
PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

EXAMPLES:

MOVE
HOME

ACTION:

PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

EXAMPLES:
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Initiates the motor to move to the specified absolute position.
MOVEA = number cr
Abbreviaion M A can be used in place of MOVEA.

See Programming Command MOVEA.

MOVEA=25 " moves to absolute position of 2.5 units.

Runs the motor until the home input is activated, captures and records the position
of the switch activation as home (electricd zero), then stops.

MOVEHOME = number cr
Abbreviation M H can be used in place of MOVEHOME.
See Programming Command MOVEHOME.

MOVEHOME=+1 'Returnsto mechanicd homein the Podtive direction
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MOVEI

ACTION:
PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

EXAMPLES:

MOVEREG

ACTION:

PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

EXAMPLES:

NVR

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Host Commands

Initiates an incrementa move.
MOVEI = number cr
Abbreviaion M | can be used in place of MOVEI.

See Programming Command MOV EI.

MOVEI=25 ' moves +2.5 units.

Runs the motor until the mark regigtration input is activated, then moves the motor
the desired regidiration distance without stopping.

MOVEREG =number cr
Abbreviation M R can be used in place of MOVEREG.
See Programming Command MOVEREG.

MOVEREG=+2.5 'Initiates a regidration cycle in the postive direction with
amove of 2.5 units after the mark regidration input is activated.

NVR Memory

Returns or storesa REAL or INTEGER vaue to NVR memory.

NVR(dement) cr
NVR(dement) = number cr

See programming command NVR.
NVR(400)=34.5 ‘ store 34.5in NVR location 400
NV R(400) ‘ returns 34.5 from NVR location 400
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OuT | /O Operator

ACTION:| Sesor returns the state of a specified digital outpui.

PROGRAM SYNTAX:| OUT(n) = number cr
OUT(n) cr

ABBREVIATION:|  Abbreviation O can be used in place of OUT.

REMARKS:|  See Programming Command OUT.

EXAMPLES:
OuUT(1)=1 'sets OUT 1 to the active State.
OUT(2)=0 'sets OUT 2 to theinactive State
OUTLIMIT Servo Parameters
ACTION:

PROGRAM SYNTAX:| Setsor returnsthe servo command voltage limit.

OUTLIMIT=number cr
ABBREVIATION:| OUTLIMIT cr

REMARKS:| Abbreviation OL can be used in place of OUTLIMIT.

See Programming Command OUTLIMIT.

EXAMPLES!| oUTLIMIT=5" s anaog output voltage limit to 5 volts

OUTLIMIT ' returns the current analog output limit.
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REGLIMIT

ACTION:

PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

EXAMPLES:

RESET

ACTION:

PROGRAM SYNTAX:

REMARKS:

Host Commands

Travel Limits
Sats or returns the maximum mark regisration

distance before indicating an error and stopping motion.

REGLIMIT cr
REGLIMIT=number cr

Abbreviaion RL can be used in place of REGLIMIT.

See Programming Command REGLIMIT.

REGLIMIT=0 ' disshlesthe MOV EREG travel distance limit.
REGLIMIT=10 ' st the MOV EREG trave digance limit to 10 units.

REGLIMIT ' returns the current REGLIMIT vadue

Miscellaneous

Resets the system.
RESET cr

This command causes the system to hdlt, and then restart as though power had been
cycled.
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REVISION

ACTION:
PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

RUN

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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Miscellaneous

Returns the current revision leve of the controller's operating system software.
REVISION cr
Abbreviaion REV can be used in place of REVISION.

The return format for this command is:

TDC REV n.nn mm/ddlyy
where:
n.nn TDC software revison
mm month
dd day
Yy year

Miscellaneous

Sartsthe user program or resumes from a FEEDHOL D condition which has been
generated either by the hardware input Feedhold or by the FEEDHOLD host
command.

RUN cr

Starts execution of the user program if a Feedhold condition does not exist.

Resumes motion if a Feedhold condition exists.

RUN
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SOFTLIM
NEG

ACTION:
PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

EXAMPLES:

SOFTLIM
OFF

ACTION:
PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

EXAMPLES:

Host Commands

Travel Limits

Programmeable "software limit switch" for motion in the negative direction. Sets or
returns the absolute negative limit travel position vaue.

SOFTLIMNEG=number cr
SOFTLIMNEG cr

Abbreviaion SLN can be used in place of SOFTLIMNEG.

See Programming Command SOFTLIMNEG.

SOFTLIMNEG= -4 'satsthe absolute softwaretrave limit to -4 units.

' returns the software travd limit vaue

Travel Limits

SOFTLIMNEG

Disables the software over traved limits.
SOFTLIMOFF cr
Abbreviation SL0O can be used in place of SOFTLIMOFF.

See Programming Command SOFTLIMOFF.

SOFTLIMOFF 'Disables the negative and pogitive software limits
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SOFTLIM
ON

ACTION:
PROGRAM SYNTAX:
ABBREVIATION:

REMARKS:

EXAMPLES:

SOFTLIM
POS

ACTION:

PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

Travel Limits

Enables the software over travd limits.
SOFTLIMON cr
Abbreviation SL1 can be used in place of SOFTLIMON.

See Programming Command SOFTLIMON.

SOFTLIMON 'Enables the negative and pogtive software limits.

Travel Limits

Programmable "software limit switch” for motion in the positive direction. Sets or
returns the absolute postive limit travel pogtion vaue for the motor.

SOFTLIMPOS=number cr
SOFTLIMPOS cr

Abbreviation SL P can be used in place of SOFTLIMPOS.

See Programming Command SOFTLIMPOS.

EXAMPLES:
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SOFTLIMPOS=4 ' sats the absolute travd distance to +4 units.

SOFTLIMPOS ' returns the current SOFTLIMPOS vaue.
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SPEED

ACTION:

PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

EXAMPLES:

STOP

ACTION:

PROGRAM SYNTAX:

ABBREVIATION:

REMARKS:

EXAMPLES:

Host Commands

Sets and returns the target velocity of the motor.

SPEED = number cr
SPEED cr

Abbreviation SPD can be used in place of SPEED.
See Programming Command SPEED.
SPEED=2.0 'sets target velocity to 2 units/sec.

SPEED "returns 2.0

Stops any mation with a controlled stop.
STOP cr
Abbreviation S can be usad in place of STOP.

Stop the motor using the programmed decel and velocity profile.

NOTE: If aprogram is executing, STOP will stop the present move. However,
program execution will continue and subsequent MOVE commands within the
program will execute. To stop motion immediately and terminate program
execution see Cntl-A and Cntl-C.

STOP ' generates a motion stop command.
" the present vaue of DECEL isusd

' asthe decderdtion rate
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WNDGS

ACTION:

Enables or disables the servo drive,
PROGRAM SYNTAX:

WNDGS=number cr
ABBREVIATION:

Abbreviation WN can be used in place of WNDGS.

REMARKS:

See Programming Command WNDGS.

EXAMPLES!| \wNDGS=0 'disables the servo drive,

WNDGS=1 ‘enables the servo drive.
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Cut to Length Application

TDC
Cutting
Head
Driven
Roller
Material
Spool .

The application requires a servo motor to run apair of nip rollersthat draw material from aspool. This material could be anything
from paper to steel. The requirements for this application are:

Wait for activation of input 1 from an external device. This device may be an operator input or PLC.
Feed out alength of material. For thisexample, alength of 12 inchesis required.

Activate the cutting blade.

Delay for 1 second. Thisallows the blade to cut the material.

Deactivate the cutting blade.

Delay for .25 seconds to allow the blade to return home.

Repeat the processif input 2 is not activated.

Program Code

begin: >Label for program return .
do: loop until (in(1)=1) >Wait for input 1 to become active.
movei=12 >Move 12 inches (incremental move).
waitdone ‘wait for motion to be completed
out(1)=1 >Turn on output 1, cutting blade activation.
wait=1 >Wait for 1 second. Wait for cut to happen.
out(1)=0 >Turn off output 1, cutting blade deactivation.
wait=.25 >Wait for cutting blade to return, .25 sec.
if in(2)=0 then goto begin >Return to beginning of program.

end >End of program.
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Rotary Table Application, Test Stations

Test
Station
Test 2 Test
Station Station
3 1
Exit Load
Belt Belt

In this application, a customer needed to load a part onto arotary table viathe load belt. Oncethere, the part must be tested at
three stations. The application requires:

A sensor to tell the tableto jog until a sensor before the first station and index 45

Turn on an output to tell the belt to stop until testing is complete at all the stations.

Thetest procedure requires the sample to be at each station until aninput is activated on the control. Each test station is 45E
apart.

After the last test station, the part is rotated 90E to the exit station whereit is carried out. A sensor will then tell the controller to
start the load belt for the next part.

Program Code (Rotary Table):

begin: > Label to start program
do: loop until(in(1)=1) > Wait until apart is detected by the sensor

out(2)=1 > Turn off the exit belt motor

out(1)=1 > Turn off the loading belt motor

movei=+90 > Move table 90E

waitdone " Wait for motion to be completed

do: loop until (in(2)=1) > Wait for test station to complete testing and turn on input 2.

count =0 > Initialize a counter to zero

do > Do loop begin
movei=+45 > Moverotary table +45E to the next station
waitdone > Wait until the motor stops.
do: loop until(in(3)=1 or in(4)=0) >Stay in thisloop until testing at stations 2 & 3 are complete.
count=count+1 > Increment counter by 1.

loop until count=2 > Do loop end.

movei=+90 > Move the part 90E to the exit belt

waitdone " Wait for motion to be completed

if in(5)=0 then > Check input 5if it isinactiveif not continueif active end.
out(2)=0 > Turn on exit belt.
do: loop until in(6)=1 > Stay in loop until the sensor is activated.
out(1)=0 > Turn on loading belt.
goto begin > Return to the beginning of the program

end if > End of theif statement.

end > End of the program.
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Slitting M achine Application

- oo |
g Sevo | g7 T T T T 7 2N T T T T 777N
i o I

TDC

A manufacturer of adhesive tape uses a machine that takes awide roll of tape and slits then to the correct sizes. The program must
be written to make tape sizes of 2", 1" and 0.5" from a 10' roll. The size of the tape will be determined by the inputs selected. The
machine will operate as follows:

Return to mechanical home.

If input 1 make 0.5" size of tape.

If input 2 make 1.0" size of tape.

If input 3 make 2.0" size of tape.

Loop until aselection ismade and input 4 is active

If input 5 is active end program else return to electrical home

Restart program.
Program Code (Slitting machine):
movehome=1 >Return to mechanical home switch.
start: >Start |abel.
do : loop until in(4)=1 "wait for input 4 to be active.

if in(1)=1 then goto half_in_cut >If input oneisaonegoto half_in_cut routine.
if in(2)=1 then goto one_in_cut >If input two is aone goto one_in_cut routine.
if in(3)=1 then goto two_in_cut >If input three is aone goto two_in_cut routine.

goto start >Return to start.
half_in_cut: »Half inch cut routine.
for I=1t0 240 >Beginning of for..next loop.
movei=.5 >Move 0.5".
waitdone >Wait until move is completed.
out(1)=1 >Turn on the cutting blade on output 1.
wait=.5 >Wait for cutter to complete the cut.
next | >End of the for..next loop.
goto check >Goto check subroutine.
one_in_cut: >One inch cut routine.
for 1=1t0 120 >Beginning of for..next loop.
movei=1 >Move 1"
waitdone >Wait until move is completed.
out(1)=1 >Turn on the cutting blade on output 1.
wait=.5 >Wait for cutter to complete the cut.
next | >End of the for..next loop.
goto check >Goto check subroutine.
two_in_cut: >Two inch cut routine.
for1=1t0 60 >Beginning of for..next loop.
movei=2 >Move 2".
waitdone >Wait until move is completed.
out(1)=1 >Turn on the cutting blade on output 1.
wait=.5 >Wait for cutter to complete the cut.
next | >End of the for..next loop.
check: >Check input 5 subroutine.
if in(5) = 0 then >Check to seeif input 5isinactive.
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movea=0 >If input 5 isinactive moveto electrical home.

goto start >Goto beginning of input search
end if >End of if..then statement
end >End of program.
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8.1 - Gearing Description

Gearing allows the controller to follow a selected master
velocity source at a specified ratio. The master source can
be an external velocity source or a program command
source,

The GEAREXT or GEARINT programming command
determines the selection. A quadrature encoder is used as
the external source, program command GEARVEL is
used as the internal source. The external source velocity
can also be scaled using the GEARRATIO command.

The default is external velocity source generated by the
encoder 2 quadrature inputs with a GEARRATIO of 1.

Note: For true gearing operation the master starting
velocity should be zero and the gearing rate limit
should be greater than or equal to the master accelera-
tion ratetimesthe GEARRATIO.

8.2 - Gearing Features

Simple Basic commands.

Basic command selectable Master source,
GEAREXT and GEARINT commands.

Master internal source can be a variable or an expres-
sion and is specified in units/second, GEARVEL
command.

Motor can be ratioed from an external master source,
GEARRATIO command. The ratio can be changed
in small increments during gearing motion.

The master velocity source can be monitored using
the ENCSPD2 command.

The scaled master position can be monitored using
the ENCPOS2 command.

Soft start, an acceleration rate limit isimposed from a
sudden start. The ACCEL rate is the rate limit. Ex-
cess counts will be backlogged.

Gearing Hard limits and Soft limits can be enabled. If
the limit condition is met it produces the same errors
as normal motion.

MOVEA, MOVEI and JOG motion can be super-
imposed on agearing motion.

A short excessive rate change can be tolerated with-
out positioning error.
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8.3 —Enabling/Disabling Gearing

The gearing mode can be enabled or disabled by issuing
program commands. The GEARON command enables
gearing while the GEAROFF command disables gearing.
The default is gearing disabled.

Note: When GEAROFF is commanded the motor will
decelerateto astop at the ACCEL rate selected.

8.4 — Gearing Motion

Gearing motion using an external encoder is allowed
when the GEAREXT and GEARON command are en-
countered during program execution. The GEARRATIO
will determine how the motor will follow the encoder
velocity.

The following diagram depicts atypical gearing cycle.
Gearing Profile

y £
\ ’

External Master Velocity Profile

Iy
\ 7/

Gearing Velocity Profile
(1/2 rate of the master)

f

GEAREXT
GEARON

8.5—Vedocity Rate Limit

A rate limit is imposed on the gearing velocity. The rate
limit is determined by the value of the ACCEL com-
mand.

The default ACCEL is set to 50% of the Max Accel
value when program execution begins if ACCEL has not
been specified. This rate can be changed using the
ACCEL program command during program execution.

See Section 8.6 Gearing Anomalies for more details.
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8.6 — Gearing Anomalies

Gearing Anomalies occur when gearing is enabled or dis-
abled and the master velocity is greater than zero. The
motor velocity limit change during these anomalies is
controlled by the current ACCEL value.

The following diagrams depict these gearing anomalies.

Gearing Anomalies

Z
£

External Master GEAROFF

Velocity Profile
l"f

limited to
ACCEL
rate

limited to.
ACCEL /

rate

Gearing Velocity Profile
(1/2 rate of the master)

GEARON

N

External Master Velocity Profile

Master Velocity
4~ stops suddenly

rgy

\ limited to
Gearing Velocity Profile ACCEL
(1/2 rate of the master) rate

GEARON

8.7 — Advance/ Recede M otion

A commanded motion can be superimposed on a gearing
motion. This is accomplished by issuing a JOG, MOVEI
or MOVEA command while gearing motion is taking
place.

Notee The MOVEHOME or MOVEREG commands
should not be used during gearing motion.

The motion profilein which the MOVEI, MOVEA,
and JOG commands will follow is based upon the cur-
rent settings of SPEED and Accel/DECEL for the axis.

Electronic Gearing

The following diagram depicts an advance and recede
cycle.

Advance/Recede cycle

MOVEI

ACCEL rate + value DECEL rate
\/j (advance) /

[—SPEED

g

r
/ 7
ACCEL rate / SPEED \

External Master MOVEI DECEL rate
i - value
Velocity
&
Gearing Velocity

(recede)

GEARON

8.8—Triggered Motion

Another feature of the controller is the ability to start a
motion on a trigger event. The MOTTRIG command
selects the trigger mode of operation for a MOVEI,
MOVEA, MOVEHOME, JOG and MOVEHOME
cycle.

The selections are no trigger, event 1 active, event 1
inactive, event 2 active and event 2 inactive.

The following diagram depicts a triggered move cycle.

Triggered Movecycle

MOVEI
ACCEL rate + value
/MOVEI commanded
SPEED Trigger occurs
SPEED
\ ACCEL rate ]i i ,:
Trigger occurs

DECEL rate
MOVEI commanded LMOVEI

GEAROFF - value

DECEL rate
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8.9 — Gearing Command Listing

CMDPOS

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

178

Returns the commanded position of the motor in units.
CMDPOS — used in an expression

CMDPOS is the motor commanded position at any time. The vaue re-
turned is in user units.

If gearing is not used, CM DPOS will equal the norma commanded posi-
tion, ABSPOS. When gearing mode is enabled, the motor's commanded
position, CM DPOS, is the sum of the normal position, ABSPOS, and the
scaled gearing position ENCPOS2. This alows the superposition of
gearing motion and indexed motion to create advance or recede cycles
relative to the master input. Note here that ABSPOS will represent the
position command as a result of a MOVEA, MOVEI or JOG command,
and will not account for changes in position due to gearing. Therefore
ABSPOS can be used to determine how far the motor (follower) has al-
vanced or receded rel ativeto the master .

ENCPOS is the actual motor encoder position, which should track the
CMDPOS. The ABSPOS is the normal motion postion and the
ENCPOS2 isthe Gearing position.

Whenever ABSPOS is set, the motor commanded position, CMDPQOS, is
set to the same value. ENCPOS2 is et to zero.

REAL pos

pos = CMDPOS ‘ setsreal variable pos equa to the current motor
commanded position.
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ENCPOS2

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

ENCSPD2

ACTION:
PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Electronic Gearing

Returns the Encoder 2 position in user units.
ENCPOS2 — used in an expression

Evaluates and returns the present encoder 2 position. In gearing mode the
Encoder 2 position is the gearing master position.

The range of ENCPOS2 is + 2,147,483,647 counts. If the range is ex-
ceeded the sign is reversed and counting continues in the same direction.

The encoder line counts in the configuration folder and the GEARRATIO
ae used to scAde ENCPOS2 into user units. Therefore, reading
ENCPOS2 returns the scaled encoder 2 position in user units (for example
motor revolutions).

ENCPOS2 isinitialized to O at power-up, and whenever an ABSPOS =
expression iscommanded, a user program is downloaded or a RUN is
commanded.

REAL y

y = ENCPOS2 ‘ setsreal variable y equal to the current encoder
2 position.

Returns the current Encoder 2 velocity in units/second.

ENCSPD2 — used in an expression

Evaluates and returns the current encoder 2 velocity, gearing velocity.

The returned velocity value is a signed value and indicates the direction of
the velocity. ENCSPD2 uses the encoder line counts in the Configuration
folder and the GEARRATIO to provide the velocity in user units/second
(for example if user unitsrev = 1, then ENCSPD2 is in motor revolutions
per second).

REAL y

y = ENCSPD ‘ setsreal variabley equal to the current
encoder 2 velocity in units/second.
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GEAREXT

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

GEARINT

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

180

This command selects the encoder 2 external input port as the master \e-
locity source for gearing.

GEAREXT

The motor velocity tracks the external master encoder velocity when
gearing is enabled. The ratio of the motor (follower) velocity to the master
velocity is set using the GEARRATIO command

If the master velocity is a non-zero value when gearing is enabled the
motor acceleration rate will be limited to the programmed ACCEL rate.

The GEARON and GEAROFF commands enable or disable tracking of
the master velocity.

GEAREXT * select the External velocity source for gearing

This command selects the internal master velocity source for gearing. The
value of the internal master velocity source is set using the GEARVEL
command.

GEARINT

The motor velocity tracks the GEARVEL commanded master velocity
when gearing is enabled using the GEARON command.

If the master velocity is a non-zero value when gearing is enabled the
motor acceleration rate will be limited to the programmed ACCEL rate.

The GEARON and GEAROFF commands enable or disable tracking of
the master velocity.

GEARINT  ‘selectsthe GEARVEL command as the velocity
source for gearing.
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GEARON

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

GEAROFF

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Electronic Gearing

This command enables master velocity tracking in the gearing mode of
operation.

GEARON

The GEAREXT and GEARINT commands select the master velocity
source. The motor (follower) velocity will track the master velocity based
on the GEARRATIO which must be properly set prior to executing the
GEARON command. The GEARRATIO command may also be changed
on thefly.

If the master velocity is a non-zero value when gearing is enabled the
motor acceleration rate will be limited to the programmed ACCEL rate.

GEARON * enables the master velocity for gearing

This command disables master velocity tracking in the gearing mode of
operation.

GEAROFF

If the master velocity is a non-zero value when gearing is disabled the
motor deceleration rate will be limited to the programmed ACCEL rate.

The GEAROFF condition is selected whenever a Gearing error occurs or
when program execution begins.

GEAROFF * disables the master velocity for gearing
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GEAR
RATIO

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:
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This command selects the motor (follower) to master encoder gearing ra-
tio.

GEARRATIO = expression
GEARRATIO — used in an expression

The expression sets the external velocity gear ratio, motor revolutions /
encoder 2 revolutions. An expression value of 1.0 specifies a Gearing
Ratio of 1. The expression value must be a positive number.

The gear ratio is only valid when the external velocity source (encoder 2)
is selected as the master velocity using the GEAREXT command. Exter-

nal velocity source is the default selection when program execution ke-
gins.

The default GEARRATIO is 1.0 when a user program begins.

The Gear Ratio range 5.96e® to 16.0 in 5.96 €2 increments. However, the
practical range for gearing is .00025 to 10.

The Gear ratio may be changed during Gearing motion in small incre-
ments. Large changes may result in jerky motion and possibly a following
error condition (see FOLERR).

GEARRATIO=15 * sets the gear ratio of motor/master to 1.5

REAL ratio

ratio = GEARRATIO ‘sets real variableratio equal to the current
GEARRATIO vaue.

‘ ramp GEARRATIO example

‘ changes GEARRATIO from 1.5 to .5 in 500 milliseconds
REAL increment

INTEGER X, count

GEARRATIO=15 * sets the gear ratio of motor/master to 1.5
GEARON ‘ enable gearing

* program statements

count =100 ‘ number of increments

increment = .01 ‘ increment size for GEARRATIO change

FOR x = 1 to count
GEARRATIO = GEARRATIO - increment
Wait = .005 ‘ time between increments
NEXT x
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GEARVEL

ACTION:

PROGRAM SYNTAX:

REMARKS:

EXAMPLES:

Electronic Gearing

Sets or returns the master velocity for internal gearing in units/second.

GEARVEL = expression
GEARVEL — used in an expression

When the gearing master source is selected as internal using the
GEARINT command, the GEARVEL expression specifies the master
velocity in unitg/second. This velocity is NOT scaed by the
GEARRATIO, which is only valid for an external velocity source.

The motor velocity tracks this velocity directly. However, the motor ac-
celeration and deceleration rates are limited to the programmed ACCEL
rate.

The GEARON and GEAROFF commands enable and disable tracking of
the GEARVEL vdocity inthe GEARINT mode of operation.

If GEAREXT is set (default), then GEARVEL has no effect.

GEAREXT ‘ Externa master velocity selected
GEARON ‘ Enable gearing using externa velocity
‘ program statements
GEARVEL = ENCSPD2 ‘ save last external master velocity.
GEARINT * continue running at last externa
master velocity.
REAL gearspd
gearspd = GEARVEL ‘ setsred variable gear spd to the
current GEARVEL value.
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8.10 — Cut to Length Application

This application requires that material, being driven by an
encoder source, be cut to a specific length while the mate-
rial is moving. To accomplish this the cutting axis must
run in synchronization with the material during the cutting
cycle. In this example the cutter is engaged when
OUT1=1 and removed when OUT 1=0.

In the program listing below, the material cutting lengthis
specified using variable cutL ength. The distance the cut-
ter is in synchronized with the material is specified using
variable syncDist. The master velocity is derived from a
quadrature Encoder signal source that is applied to the
Encoder 2 port. The Encoder 2 Line Count value is used
to specify the source value in the user program configura-
tion.

The cutting cycle consists of engaging the cutter and
waiting for the syncDist - .1 units to be traveled. The cut-
ter is now disengaged and the remainder of the specified
syncDist is traveled. A cutlength index motion traveling
in the opposite direction is commanded. When this index
motion is completed the cutter has overshot the next cut-
ting position. The speedFactor is now adjusted to reduce
the overshoot value of the next cycle. When the cutting
position is reached the cutting cycle restarts.

Maximum cut error isx (master velocity/500) units.

The velocity profile for the cut to length application is
depicted below.

Cut to Length Velocity Profile

4— syncDist

SPEED

O velocity —m —4+ ——F—— — — —

/—Motor Velocity
y

Master move cutLength

return overshoot —

DECEL rate
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Cut to Length Application

Program Code (cuttolen.prj included):

ERE SRR EERE RS EEEEEEE SRS EEREEREEEEEEEEEEEEEREEEEEEEREEEEEEEEEEEREEEEEEEEEEE]

** 1) Units/Rev =1 for this program

** 2) External master source is assumed to be going in the positive direction for this program.
** 3) Test code is used to simulate the application. It is not intended to measure cut accuracy.
"**  Comment this code out when running real parts.

Thhkkhhhhhhhkhkhhhkkkkkhhhhhhhhhhbhhbhrhhhkhkhkkdkhhhhhhhhhdhhhhhhhkhkkdkdkdkhkhkhkhhddddhhhx

REAL cutLength " master cutting length

REAL syncDist " master cutting cycle distance traveled
REAL velocity " move velocity before being scaled

REAL speedFactor "velocity scale factor

REAL initFactor "initial scale factor

REAL adjust " move distance

REAL compare ' targeted overshoot value

REAL pos 'temporary variable

REAL min,max,value,compVaue ' test only

IR RS S ES SR LSS LR E LS SRS EEE L] deflne Cutt'ng parameters***************************
cutLength=10 " master cut length

syncDist=2 " master cutting cycle distance traveled

EE R R R R R EE R R R EEEEE SR SRS S |n|t|a||zesystem pararneters***************************
ABSPOS=0 ' cutting commanded starting position
FOLERR=2 ‘ servo position error limit =2 units
WNDGS=1 ‘ enable servo motor

GEARRATIO=1 ' gear ratio motor/master

ACCEL=500 ' rate limit and move acceleration rate
DECEL=ACCEL ' move deceleration rate

GEAREXT " encoder 2 master source selected
velocity=1 "initial move velocity will be modified if exceeded
speedFactor= 1/((cutLength - syncDist) / cutLength)

speedFactor = speedFactor + .5 ‘move velocity scale factor
initFactor=speedFactor "initial move velocity scale factor

adjust = cutLength* GEARRATIO ' move distance

syncDist=syncDist * GEARRATIO " motor cutting cycle distance

compare= -.5* GEARRATIO ' target overshoot value
Thhkkhkkhhhkhhhdhhhdhhdhrhdhhdhhddhrdhrdkx test Code***********************************
min=adjust ‘initialize min value

max=0 ‘initialize max value

compvalue =2 * adjust ‘initialize compare value

Thhkdhhhhhkhkhkhkhhhkhkkkkkhhhhhhhhhhhhbhrhhhkhkkkhdhhhhhhhhhhhhhhhhhkhkdkdkdkdkhkhkhhhddddhhhx

. .
kkhkkkhkkhkkhkkhkhhhhhhhkhkhkhkhkhhrrxxxx enab|eCUttlng Cycle********************************

GEARON ' enable gearing, motion begins

Thkhkkkhhhhhhkhkhkhkkkkkkkkkkhkddddkdk k% test Code*************************************

PRINT#L1,"press any key to stop program and print max/min results"

ERE SRR EEREEEEEEEEEE SRR EEREEEEEEEEEEREEEEEEEEEEEEEREEEEEEEEEEEEEEEEREEEEEE]
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DO

‘
EEE R R TR R R SRR EEEE S CU'[ Cycle*****************************

OouUT(1)=1 ' engage cutter

DO "wait for distance

LOOP UNTIL CMDPOS >= (syncDist - .1)

OuUT(1)=0 ' disengage cutter

DO "wait for sync distance to complete

LOOP UNTIL CMDPOS >= syncDist

IR S SRR LS SRR S SRS S kkhkhkhkkhkhkhkkhkhkkhkhkhkdrkhkdhrhkhhhkhhk*k
recede cycle

IF ENCSPD2 > velocity THEN " master velocity increased
velocity=ENCSPD2 " init new master velocity
speedFactor=initFactor "set initial scale factor

END IF

SPEED=velocity * speedFactor ' move target speed

MOVEI = - adjust ' recede the cut length

WAITDONE

‘ .
khkkkkkkhkkkhkhkhkhkhkk*k 0pt|m|ze recedespeed khkkkkkkhhkkkhhkkhhkhkhhkhkhkxx

pos=CMDPOS

Thhkkkkkkkkkkhkhhkkkkkkrrkxk test Code*****************************

PRINT#1,pos ' print overshoot number

Thkkkhhkkkhhhkhkkkhhkxk*x adJUSt Speed factor If required******************

IF pos < compare THEN " auto adjust return overshoot
speedFactor =speedFactor * .95 ' adjust to get closer

ELSE

IF pos>=0 THEN "auto adjust return too short
speedFactor = speedFactor * 1.5
END IF
END IF

R R R R R Walthl' Cuttlng Sta.rt pOSltIOﬂ khkhkkhhhhhkhkhkhkhkhkhkhkhhkkx
DO

LOOP UNTIL CMDPOS>=0 'wait for cutting starting position
DR RS EEEEEEEEEEEEEEEEEEEEEE TS test Code*******************************
pos=ENCPOS2 ' read input position
value=compV alue-pos ' calculated cut distance
IF value > max THEN
max=value " maximum cut value
END IF
IF value < min THEN
min=value " minimum cut value
END IF
compValue= compValue + adjust 'next compare position
LOOP UNTIL INCHAR(1) >0 ' stop the cycle request?
GEAROFF ' disable gearing

EE SRR R EEEEEEEEEEEEEEEEEEE test Code********************************

PRINT#1,"maximum=";max / GEARRATIO,"minimum=";min / GEARRATIO

DO

'wait for ramp down

LOOP UNTIL ENCSPD2=0

END
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8.11 — Electronic Gear Box Application

This application requires aratio between the master velocity and the servo motor. This example simulates a gearbox with a
5:1 reduction. The master source is a quadrature Encoder input.

Program Example (gear box.prj included):

Thhkkkhkkhkkhkhkhkhkhkhkhkhkhkhkxk Gear bOX app|lcaI|0n progranrrk****************

ACCEL =50
ABSPOS=0
FOLERR =2
WNDGS=1
GEARRATIO = .2
GEAREXT
GEARON

DO

LOOP UNTIL 1=2
END

Electronic Gearing
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input rate limit

set Abspos=0 and Encpos2=0
servo position error limit = 2 units
enable servo drive

5:1 reduction

master source Encoder 2 input
enable gearing

continuous loop
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8.12 —Manual Control Motion Application

This application requires the motor to follow a manually operated Encoder signal. The Encoder is enabled when input 5 is
activated and becomes disabled when input 5 is deactivated. If input 5 is active and input 6 is activated a finer control of the
motor is enabled. In the user program Configuration Encoder Folder enter the input encoder line count into the Encoder 2
Line Count text box.

Program Code (manmot.prj included):

ACCEL=50 ‘ input rate limit
ABSPOS=0 ‘ set Abspos=0 and Encpos2=0
FOLERR =2 ‘ servo position error limit = 2 units
WNDGS=1 ‘ enable servo drive
GEARRATIO =1 "1 revolution of encoder moves 1 revolution of motor
GEAREXT ' master source Encoder 2 input
ON IN(5)=1INTR1 "goto INTRLif IN(5)=1and INTR1is ON
ON IN(5)=0INTR2 "goto INTR2if IN(5)=0and INTR2is ON
INTRON1 "enable INTR1
DO ' continuousloop

DO ' move the motor with the encoder

IF IN(6)=1 THEN
GEARRATIO=.05 ' 20 revolution of encoder moves 1 revolution of motor
ELSE “ IN(6)=0
IF GEARRATIO <> 1 THEN
GEARRATIO=1" 1 revolution of encoder moves 1 revolution of motor
END IF
END IF
LOOP UNTIL IN(5)=0
L ' program statements

INTROFF1 ' optional disable INTR1
b ' program statements
INTRON1 " optional enable INTR1
LOOP UNTIL 1=2
END
INTRL:
GEARON " enable gearing
INTRON2 "enable INTR2
RETURN
INTR2:
GEAROFF " enable gearing
INTROFF2 "disable INTR2
RETURN
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Q. | carrt establish communication with my control.
What could be the problem?

A. Insure that the connections are correct. See
Figure 3.13 for assstance. Check to make sure that
the communication parameters are set correctly.

Q. When [ try to run my program my mator runs
away. What could be wrong?

A. Theencoder of the motor may not be functioning
or incorrectly connected with the encoder port.
Verify the encoder connection, refer to Figure 3.8,
and that the encoder isworking. Y ou can verify that
the encoder isworking by either using an oscilloscope
or making sure you are recelving an encoder position
(encpos).

Q. The OVER TEMPERATURE LED is illumi-
nated. What could be the problem?

A. The over temperature LED tdls you that the
maximum interna temperature of the drive has been
exceeded and the unit has shut down to protect itsdf.
Turn off the contral / drive and let it cool then turn it
back on. It should work. The other option isto find
away to cool the drive. Frequent over temperature
shutdowns may indicate that a cooling problem exists
in the control cabinet where the TDC is mounted.

Q. When | press abutton connected to my run input
the motor does not turn, why?

A. The switch may not be connected properly. See
Figure 3.9 for a connection diagram. The motor could
be connected improperly. Check the encoder and
the phasing. Check to see if there is power to the
unit. The program could aso be waiting for another
input from another device or switch. Hall effect or
commutator iswired incorrectly. An over current or
temperature condition may have occurred. Check the
LED:=s on the unit.

Q. After checking my connections and verifying that

they are correct, my motor still does not turn when |
dart the program.
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Al. Makesurethat the sysemistuned. Thiscan be
done by checking if there are vaues Kp, Kd, Ki,
Kvff in the configuration screen or check them in
termind mode by querying the controller. If the
system is tuned, use a voltmeter and check to seeif
there is a servo command signd a the Servo CMD
output during a move command.

A2. The ENABLE input to the drive has not been
properly connected or activated. Insure that the
ENABLE input is connected to an active current
gnking circuit or switch tha is connected with
common. The WNDGS command must be set
equal to 1to enablethedrive.

Q. When my system activates a sensor the controller
does not seem to recognize it, why?

A. Check to make sure that you are operating in the
correct mode, i.e. if your usng an NPN sensor, make
sure you are in sink mode, a PNP source mode.
Check the connections and make sure you have
power to the sensor.

Q. My outputs dorrt turn on when they are suppose
to turn on. What isthe problem?

A. Like the inputs the outputs must dso be snk or
source. Be surethat the setting for the 1/0 typeisthe
correct setting for your 1/0. NPN, snk; PNP,
source.

Q. The OVER CURRENT LED is illuminated.
What do | do?

A. If the over current LED is lit, then chances are
that there is a short in the cable or the motor. Ohm
out the cable for any shorts. If no shorts are found in
the cable check the motor for shorts, phase to phase
and phase to case.

If moreinformation isneeded or additional
assistance is required contact our

Bristol Plant Motion Application
Engineering Department at 1-800-
SUPELEC (1-800-787-3532) between 8:00
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a.m.and 5:00 p.m. EST.
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Section 10

Glossary
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ABSOLUTE MODE - Motion mode in which all motor
movements are specified in reference to an electrical
home position.

ABSOLUTE POSITION - A dataregister in the Con-
troller which keeps track of the commanded motor
position. When the value in this register is zero, the
position is designated "Electrical Home".

ACCELERATION - Therate at which the motor speed
is increased from its present speed to a higher speed
(specified in units/second/second).

ACCURACY (of step motor) - The noncumulative
incremental error which represents step to step error in
one full motor revolution.

AMBIENT TEMPERATURE - The temperature of the air
surrounding the motor or drive.

AMPLIFIER - Converts or amplifieslow level signalsto
high voltages and current for use with the motor.

ASCIl - (American Standard Code for Information
Interchange). A format to represent al phanumeric and
control characters as seven-or eight-bit codes for data
communications. A table of the ASCII codes appears
on page 196.

ATTENTION CHARACTER - <nn, where "nn" is a
unique integer from 1-99 (set by use of the unit ID#
select switches) that is assigned to a Motion Controller
arrayed in a multi-Controller system. The Attention
Character directs the program command to the specified
Motion Controller.

BACK EMF - The voltage that a permanent magnet
generateswhen it isrotated. Thishasalinear relation-
ship with speed and is related to the voltage constant or
back EMF constant of the motor, K¢ which is expressed
inunitsof :

VOLTS
1000 RPM

BANDWIDTH - A given range of frequencies that a
motion system can respond to commands.

BAUD RATE - The rate of serial data communications
expressed in binary bits per second.

BCD - (Binary Coded Decimal), aformat to represent the

digits O through 9 asfour digital signals. Systemsusing
thumb wheel switches may program commands using
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BCD digits. A BCD digit uses a standard format to
represent the digits 0 through 9 as four digital signals.

The following table lists the BCD and complementary
BCD representation for those digits. The Maotion
Controller uses the complementary BCD codes because
the signals are active low.

BCD codetable (0 =low state, 1=high state)

Complementary
Digit BCD Code BCD Code
0 0000 1111
1 0001 1110
2 0010 1101
3 0011 1100
4 0100 1011
5 0101 1010
6 0110 1001
7 0111 1000
8 1000 0111
9 1001 0110

To represent numbers greater than 9, cascade the BCD
states for each digit. For example, the decimal number
79isBCD 0111:1001.

BRAKING TORQUE - The torque that is required to
bring the motor from a running condition to a stop.
This also describes the torque that is developed during
adynamic braking cycle.

CLEAR - Input or Command to immediately halt all
motor motion and program execution.

COLLECTORS(OPEN) - A transistor output that takes
the signal to alow voltage level with no pull-up device;
resistive pull-ups are added to provide the high voltage
level.

COMMUTATION - The function of directing current or
voltage to the correct motor phase to produce torquein
amotor.

COMMUTATOR - A mechanical device either optical
or electromechanical in nature that connect
and / or switch the motor phases to the power source

CYCLE START - Command toinitiate program execu-
tion.

CYCLE STOP- Command to stop program execution.
DAISY-CHAIN - A method to interface multiple Motion

Controllers via R$485 to a single host using only one
serial port.
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DAMPING - A method of applying additional friction or
load to the motor in order to alleviate resonance and
ringout. With servo motors, damping can also be
adjusted by adjusting the PID loop gains.

DECELERATION - Therate in which the motor speed
is decreased from its present speed to a lower speed
(specified in units/second/second).

DEVICE ADDRESS- A unique number used to assign
which Motion Controller in amulti-drive stepper system
isto respond to commands sent by a host computer or
terminal. Device addresses from 1 - 99 are set by means
of the ID # select switch. "00" isreserved to address al
Motion Controllersin asystem. Factory default isO1.

DUTY CYCLE - The amount of Aon@ time versus the
Aoff@ time. Thisisusually expressed in terms of a per-
centage of the Aon( time versus the total time. Thisis
given by the following equation:

DWELL - See"WAIT".

-
ON
Devere = T +1 % 100

OFF + TON

ELECTRICAL HOME - The location where the motor
position counter (ABSPOS) is zero.

ENCODER - amechanical device attached to the motor
that provides a pulse output. This output can be used
to determine position, speed or acceleration. The
encoder may also be an absolute encoder or incre-
mental.

FEEDBACK - A signal that is transferred from the
output, in this case the servo motor, back to the input
whereit is compared to seeif aparticular goal has been
achieved.

FEEDHOLD - The act of stopping the motor while in
motion by causing it to decelerated to a stop without
loss of position.

FEEDRATE- The speed or velocity (in units per sec-
ond) at which amove will occur.

FILTER TIME CONSTANT - Thetimeit takesfor astep
input to reach 63% of itsvalue at the filter output.

FRICTION - Force that is opposite to the direction of
motion as one body moves over another.

FULL-STEP - Position resolution in which 200 pulses
corresponds to one motor revolution in a 200 step per
revolution (1.8 degree) motor.

MARK REGISTRATION - A motion process (usualy
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HALF-STEP - Position resolution in which 400 pulses
corresponds to one motor revolution for a 200 step per
revolution (1.8 degree) motor.

HALL SENSOR - A device which is used as feedback
to correctly commutate the motor. Typically con-
structed of amagnetic wheel and hall effect sensors.

HANDSHAKE - A computer communications technique
in which one computer's program links up with an-
other's. The Motion Controller uses a software "Xon,
Xoff" handshake method. See"XON" below.

HOST - The computer or terminal that is connected to
the HOST serial port on the motion controller, and is
responsible for primary programming and operation of
the controller.

INCREMENTAL MODE - Motion mode in which all
motor movements are specified in reference to the
present motor position.

INDEXER - A Microprocessor-based programmable
motion controller that controls move distance and
speeds; possesses intelligent interfacing and in-
put/output capabilities.

INDEX FROM RUN - See MARK REGISTRATION

INERTIA - Measurement of a property of matter that a
body resists a change in speed (must be overcome
during acceleration).

INERTIAL LOAD - A "flywheel" type load affixed to
the shaft of a step motor. All rotary loads (such as gears
or pulleys) haveinertia. Sometimes used as adamper to
eliminate resonance.

JOG MOVE - moves the motor continuously in a
specified direction.

LOAD - Thisterm is used several ways in this and
other manuals.

LOAD (ELECTRICAL): The current in Amperes
passing through a motor's windings.

LOAD (MECHANICAL): The massto which motor
torque is being applied (the load being moved by
the system).

LOAD (PROGRAMMING): Transmits a program
from one commuter to another. "DOWNLOAD" re-
fersto transmitting a program from a host computer
(where a program has been written) to the Motion
Controller whereit will be used. "UPLOAD" refers
to transmitting a program from a Motion Controller
back to the host computer.

used in web handling applications) whereby a mark
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placed on the material is sensed (e.g., through the use
of an optical sensor) and, following detection of this
mark, the material is moved (indexed) afixed length.

MECHANICAL HOME - The position where a switch
input isused as areferenceto establish electrical home.

MOVE TO MECHANICAL HOME - Function which
allows the Motion Controller to move the motor and
seek a switch to establish electrical home and set Ab-
solute Position = zero.

NESTING - The ability of an active subroutine to call
another subroutine. The Motion Controller can nest up
to 16 levels.

NON-VOLATILE MEMORY - Data storage device that
retainsits contents even if power isremoved. Examples
are EEPROM, flash memory, and battery-backed RAM.

OPTO-ISOLATION - The electrical separation of the
logic section from the input/output section to achieve
signal separation and to limit electrical noise. Thetwo
systems are coupled together via atransmission of light
energy from asender (LED) to areceiver (photo transis-
tor).

PARITY -- An error checking scheme used in serial
communications (via the RS-232 or RS-485 port) to
ensure that the datais received by aMotion Controller
is the same as the data sent by a host computer or
terminal.

REGENERATION - A condition when the motor enters
a Abraking@ mode. The motor acts as a generator be-
cause of the transfer of kinetic energy being converted
into electrical energy through the motor.

RESOLUTION - The minimum position command that
can be executed. Specified in steps per revolution or
some equivalent.

RESOLVER - A feedback device that converts shaft
position into an analog signal.

RINGOUT - Thetransient oscillatory response (prior to
settling down) of a step motor about its final position.
Note: a small wait or dwell time between moves can
aleviate ringout problems.
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RMS CURRENT - Root Mean Square Current. In an
intermittent duty cycle application, the RMS current is
equal to the value of steady state current which would
produce the equivalent resistive heating over a long
period of time.

RMS TORQUE - Root Mean Square Torgue. In an
intermittent duty cycle application, the RMStorqueis
equal to the value of steady state torque which would
produce the equivalent resistive heating over a long
period of time.

RS232-C - EIA (Electronic Industries Association)
communication standard to interface devices employing
serial data interchanges. Single-wire connections for
transmit and receive, etc.

RS-485 - EIA (Electronic Industries Association)
communication standard to interface devices employing
serial datainterchanges. Two-wire connections (differ-
ential circuits) for transmit and receive, etc. Better than
RS-232 for long wire runs and multi-drop circuits with
many devices.

SINKING - An input that responds to, or output that
produces, a"low" level (signal common or low side of
the input/output power supply) when active.

SOURCING- Aninput that respondsto, or output that
produces, a "high" level (the voltage used for the
input/output power supply) when active.

SUBROUTINE - A sequence of lines that may be ac-
cessed from anywherein a program to preclude having
to program those lines repetitively. This allows shorter,
more powerful, and more efficient programs. See also
NESTING.

TORQUE - Product of the magnitude of aforce and its
force arm (radius) to produce rotational movement.
Units of measure are pound-inches, ounce-inches,
newton-meters, etc.

TORQUE CONSTANT - A number representing the

relationship between motor input current and motor
output torque. Typically expressed in units of

torque
amp
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TRANSLATOR - A motion control device (also called
"translator drive") that convertsinput pulsesto motor
phase currents to produce motion.

WAIT - A programmed delay or dwell in program execu-
tion (specified in seconds).

TTL - Also called T?L, Transistor - Transistor - Logic
VOLTAGE CONSTANT (or BACK EMF CON-
STANT) - A number representing the relationship

between the back EMF voltage and angular velocity.
Typically expressed in:

VOLTS
1000 RPM
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XON/XOFF - A computer software "handshaking"
scheme used by aMotion Controller.

The Motion Controller sends an X OFF character (ASCI|
Code 19) when it receives a command string with a
Carriage Return and has less than 82 characters e-
maining in its host serial port buffer. The Controller
sends an Xon when available buffer space reaches 100
characters or in response to an ID attention with ade-
quate buffer space remaining. Sinceitisimpossiblefor
the host device to immediately cease transmissions, the
next three characters (subject to the total serial buffer
capacity of forty characters) received subsequent to the
Motion Controller sending the XOFF character will be
stored in the Motion Controller's seria buffer (amemory
dedicated to store characters that are in the process of
transmission).

Similarly, the Motion Controller will not transmit dataif
the host device has sent an XOFF character to the
Controller; Motion Controller transmissionswill resume
when the Controller receives an XON character.
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ASCII Table

Dec

Code

100
101
102
103
104
105
106
107
108
109
110
111
112
113

114
115
116
117
118
119

120
121
122
123

124
125
126
127

ASCII

Char

Dec

Code

DEL

ASCII

Char

Dec

Code

40

41

42

43

45

46

47

48

49

ASCII

Char

Dec

Code

7

22

ASCII

Char

Nul
SOH

STX

ETX

EOT
ENQ

ACK
BELL

BS
HT

VT

CR

Sl
DLE
DC1
DC2
DC3
DC4

NAK

SYNC

ETB

CAN

SuUB

ESC

FS
GS

RS
DEL
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Appendix A
CE Compliance
| nstallation Requirementsand I nfor mation

Certain practices must be followed when installing a TD servo drive or a TDC servo drive/controller in order to
meet the CE Electromagnetic Compatibility (EMC) Directive (89/336/EEC) and the Low Voltage Directive
(73/23/EEC). The TD family of products are components intended for installation within other electrical systems
or machines. The system or machine builder must ensure their system or end product complies with all applicable
standards required for that equipment, including overal CE certification. Following these practices will help ensure
(but cannot guarantee) that the machine in which these components are utilized will meet overall CE requirements.

Electromagnetic Compatibility Directive

In order to meet the various EMC Standards, all wiring must be done in accordance with the practices shown
in Figure 1.

With the addition of a suitable ac line filter, such as Corcom part number 15ET1 (connected externally), the TD
drive and TDC drive/controller meet all the applicable EMC emission and immunity standards on a Astand-al onef
basis:

EN55011, Class A: for Radiated and Conducted Emissions
|EC1000-4-3: for RF Radiated Immunity (RFRI)
IEC1000-4-4: for Electrical Fast Transient Immunity (EFT)
IEC1000-4-6: for RF Conducted Immunity (RFCI)

In order to achieve full CE compliance, an additional requirement must be met:
IEC1000-4-2: for ESD Immunity
To meet this requirement, the TD or TDC must be placed inside a metal enclosure, as shown in Figure 1.

Low Voltage Directive

1) These drives are to be operated in a pollution degree 2 environment as described in standard EN50178.

2) All of the control inputs and outputs are isolated from the main input power with a Abasic insulation ratingg;
e.g., their impulse withstand voltage capability is 2.5kV (1.2 / 50 us) as referenced in EN50178. Control inputs
and outputs may need another level of protection against direct contact if such protection is required by the
standards governing the overall system or machine and its intended operating environment. It is the machine-

builder:s responsibility to provide this protection, if needed.

3) For electrical safety, and to protect personnel against direct contact with live electrical parts, the terminal cover
(provided with the unit) MUST be installed over the AC input, motor output, and External REGEN terminals.

4) All cautions and warnings listed throughout the operators manual MUST be followed to insure safe system
operation.
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Figure 1:
Installation for EC EMI/RFI Compliance

APPROVED
AC LINE FILTER AC LINE

SUCH AS CORCOM INPUT WIRING® EMI/RFI GASKET MATERIAL
TYPE 15ET
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LARGE METAL —
STRAP FROM GROUNDING
STUD ON SLO-5YN

UNIT CASETO ;
ENCLOSURE v

) AN

OPERATOR TOTALLY ENCLOSED SEAMLESS
INTERFACE STEEL ENCLOSURE

* ALL WIRING RUNS THROUGH METAL JACKETED CONDUIT
WHICH ARE ATTACHED TO ENCLOSURE WITH CLAMPS MAKING
SOUND ELECTRICAL CONTACT.

NOTES:

1) All metal mating surfaces within the enclosure, and any mounting plates
should be cleaned of paint, anodizing and coating material for proper
electrical bonding. This includes mounting of SLO-SYN unit, line filter, and
any other equipment.

2) If mounting plates are used, proper electrical contact to the main enclosure

must be maintained. Using copper straps with length-to-width ratios less than
3 is optimum.
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WARRANTY AND LIMITATION OF LIABILITY

Superior Electric (the "Company"), Bristol, Connecticut, warrants to the first end user purchaser (the "purchaser") of equipment manufactured
by the Company that such equipment, if new, unused and in original unopened cartons at the time of purchase, will be free from defects in
material and workmanship under normal use and service for a period of one year from date of shipment from the Company's factory or a
warehouse of the Company in the event that the equipment is purchased from the Company or for a period of one year from the date of
shipment from the business establishment of an authorized distributor of the Company in the event that the equipment is purchased from an
authorized distributor.

THE COMPANY'S OBLIGATION UNDER THIS WARRANTY SHALL BE STRICTLY AND EXCLUSIVELY LIMITED TO REPAIRING OR
REPLACING, AT THE FACTORY OR A SERVICE CENTER OF THE COMPANY, ANY SUCH EQUIPMENT OF PARTS THEREOF WHICH
AN AUTHORIZED REPRESENTATIVE OF THE COMPANY FINDS TO BE DEFECTIVE IN MATERIAL OR WORKMANSHIP UNDER
NORMAL USE AND SERVICE WITHIN SUCH PERIOD OF ONE YEAR. THE COMPANY RESERVES THE RIGHT TO SATISFY SUCH
OBLIGATION IN FULL BE REFUNDING THE FULL PURCHASE PRICE OF ANY SUCH DEFECTIVE EQUIPMENT. This warranty does not
apply to any equipment which has been tampered with or altered in any way, which has been improperly installed or which has been subject
to misuse, neglect or accident.

THE FOREGOING WARRANTY IS IN LIEU OF ANY OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITA-
TION, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, and of any other obligations
or liabilities on the part of the Company; and no person is authorized to assume for the Company any other liability with respect to equipment
manufactured by the Company. The Company shall have no liability with respect to equipment not of its manufacture. THE COMPANY SHALL
HAVE NO LIABILITY WHATSOEVER IN ANY EVENT FOR PAYMENT OF ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES, IN-
CLUDING, WITHOUT LIMITATION, DAMAGES FOR INJURY TO ANY PERSON OR PROPERTY.

Written authorization to return any equipment or parts thereof must be obtained from the Company. The Company shall not be responsible for
any transportation charges.

IF FOR ANY REASON ANY OF THE FOREGOING PROVISIONS SHALL BE INEFFECTIVE, THE COMPANY'S LIABILITY FOR DAM-
AGES ARISING OUT OF ITS MANUFACTURE OR SALE OF EQUIPMENT, OR USE THEREOF, WHETHER SUCH LIABILITY IS BASED
ON WARRANTY, CONTRACT, NEGLIGENCE, STRICT LIABILITY IN TORT OR OTHERWISE, SHALL NOT INANY EVENT EXCEED THE
FULL PURCHASE PRICE OF SUCH EQUIPMENT.

Any action against the Company based upon any liability or obligation arising hereunder or under any law applicable to the sale of equipment,
or the use thereof, must be commenced within one year after the cause of such action arises.

The right to make engineering refinements on all products is reserved. Dimensions and other details are subject to change.



Distribution Coast-To-Coast and International

Superior Electric SLO-SYN products are available worldwide through an extensive
authorized distributor network. These distributors offer literature, technical
assistance and a wide range of models off the shelf for fastest possible delivery
and service.

In addition, Superior Electric sales and application engineers are conveniently located
to provide prompt attention to customers’ needs. Call Superior Electric customer service
for ordering and application information or for the address of the closest authorized
distributor for Superior Electric’'s SLO-SYN products.

In U.S.A. and Canada
Superior Electric

» Customer Service: 1-800-787-3532

» Product Application: 1-800-787-3532

* Product Literature Request: 1-800-787-3532
» Fax: 1-800-766-6366

+ www.danahermotion.com

383 Middle Street

Bristol, CT 06010

Tel: 860-585-4500

Fax: 860-589-2136
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