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General Information

Copyright Baldor (c) 2005. All rights reserved.

This manual is copyrighted and all rights are reserved. This document or attached software may not, in whole or in
part, be copied or reproduced in any form without the prior written consent of Baldor.

Baldor makes no representations or warranties with respect to the contents hereof and specifically disclaims any
implied warranties of fithess for any particular purpose. The information in this document is subject to change without
notice. Baldor assumes no responsibility for any errors that may appear in this document.

Mint™ is a registered trademark of Baldor.

Windows 95, Windows 98, Windows ME, Windows NT and Windows 2000 are registered trademarks of the Microsoft
Corporation.

UL and cUL are registered trademarks of Underwriters Laboratories.

Limited Warranty

For a period of two (2) years from the date of original purchase, Baldor will repair or replace without charge controls
and accessories which our examination proves to be defective in material or workmanship. This warranty is valid if
the unit has not been tampered with by unauthorized persons, misused, abused, or improperly installed and has been
used in accordance with the instructions and/or ratings supplied. This warranty is in lieu of any other warranty or
guarantee expressed or implied. Baldor shall not be held responsible for any expense (including installation and
removal), inconvenience, or consequential damage, including injury to any person or property caused by items of our
manufacture or sale. (Some countries and U.S. states do not allow exclusion or limitation of incidental or
consequential damages, so the above exclusion may not apply.) In any event, Baldor’s total liability, under all
circumstances, shall not exceed the full purchase price of the control. Claims for purchase price refunds, repairs, or
replacements must be referred to Baldor with all pertinent data as to the defect, the date purchased, the task
performed by the control, and the problem encountered. No liability is assumed for expendable items such as fuses.
Goods may be returned only with written notification including a Baldor Return Authorization Number and any return
shipments must be prepaid.

Baldor UK Ltd Baldor ASR GmbH

Mint Motion Centre Telephone: +49 (0) 89 90508-0

6 Bristol Distribution Park Fax: +49 (0) 89 90508-492

Hawkley Drive

Bristol, BS32 OBF Baldor ASR AG

Telephone: +44 (0) 1454 850000 Telephone: +41 (0) 52 647 4700

Fax: +44 (0) 1454 850001 Fax: +41 (0) 52 659 2394

Email: technical.support@baldor.co.uk

Web site: www.baldor.co.uk Australian Baldor Pty Ltd
Telephone: +61 2 9674 5455

Baldor Electric Company Fax: +612 9674 2495

Telephone: +1 501 646 4711

Fax: +1 501 648 5792 Baldor Electric (F.E.) Pte Ltd

Email: sales@baldor.com Telephone:  +65 744 2572

Web site:  www.baldor.com Fax: +65 747 1708

Baldor Italia S.R.L
Telephone: +39 (0) 11 56 24 440
Fax: +39 (0) 11 56 25 660
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Safety Notice

Only qualified personnel should attempt the start-up procedure or troubleshoot the equipment.

The equipment may be connected to other machines that have rotating parts or parts that are controlled by the
equipment. Improper use can cause serious or fatal injury. Only qualified personnel should attempt to start-up,
program or troubleshoot the equipment.

/!\ WARNING:
/!\ WARNING:
/!\ WARNING:
/!\ WARNING:

/!\ CAUTION:

/!\ CAUTION:

Precautions

Do not touch any circuit board, power device or electrical connection before you first ensure that
no high voltage is present at this equipment or other equipment to which it is connected.
Electrical shock can cause serious or fatal injury. Only qualified personnel should attempt to
start-up, program or troubleshoot the equipment.

Be sure that you are completely familiar with the safe operation and programming of the
equipment. The equipment may be connected to other machines that have rotating parts or
parts that are controlled by this equipment. Improper use can cause serious or fatal injury.
Only qualified personnel should attempt to program, start-up or troubleshoot the equipment.

The stop input to the equipment should not be used as the single means of achieving a safety
critical stop. Drive disable, motor disconnect, motor brake and other means should be used as
appropriate. Only qualified personnel should attempt to program, start-up or troubleshoot the
equipment.

Improper operation or programming may cause violent motion of a motor shaft and driven
equipment. Be certain that unexpected motor shaft movement will not cause injury to personnel
or damage to equipment. Peak torque of several times the rated motor torque can occur during
control failure.

The safe integration of a device into a machine system is the responsibility of the machine
designer. Be sure to comply with the local safety requirements at the place where the machine
is to be used. In Europe these are the Machinery Directive, the ElectroMagnetic Compatibility
Directive and the Low Voltage Directive. In the United States this is the National Electrical code
and local codes.

Electrical components can be damaged by static electricity. Use ESD (electro—static discharge)
procedures when handling electronic components.
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Introduction

2.1

2.2

Overview

NextMove controllers are normally programmed using the MintMT language.

MintMT is a structured form of Basic, custom designed for either stepper or servo motion control
applications. It was devised to allow users to quickly get started with simple motion control programs. In
addition, MintMT includes a wide range of powerful commands for complex applications. The Mint
language consists of two basic components. The Mint Virtual Machine (MVM) which gives the MintMT
language it's multi-tasking functionality and the underlying Mint Motion Library (MML) which provides the
hardware access. For all motion control and hardware access MintMT calls MML functions.

There may be applications in which Mint does not provide sufficiently high execution speed. For these
applications, it is possible to access the MML directly by writing an embedded application.

The MML is a library of functions that provides access to all the features of NextMove usually accessible
through MintMT. Embedded applications are written in the ‘C’ programming language. This code can then

be compiled and linked to the MML using the Texas C3x cross compiler to produce an application that
replaces Mint on the controller.

For example, the MintMT code:

SPEED.0=10
MOVER.0=100

becomes
SetSpeed( 0, 10.0F );
SetMoveR( 0, 100.0F );

in embedded ‘C’.

Note: Embedded applications are not multi-tasking.

This manual makes no reference to the general subject of ‘C’ programming and assumes a basic level of
competence.

Abbreviations

The following abbreviations are used in this document.
DSP Digital Signal Processor

C3x Texas Instruments TMS320C3x processors
COFF Common Object File Format

DPR Dual Port RAM

MML Mint Motion Library
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3.1

3.2

3.3

Creating an Embedded Application

Overview

Programming NextMove using ‘C’ requires a considerably higher level of expertise and commitment of
resources than using Mint. The tools required to program in this way must be sourced from third parties.

Source code files are generated on the host using any development environment. Object code and
executables are generated using C3x software development tools. These tools are not supplied by Baldor
UK Ltd. By linking with the supplied libraries, an executable application is created which is downloaded to
NextMove replacing the normal MintMT firmware.

Tools

All NextMove controllers use the Texas TMS320C3x processor. To create an embedded application, you
will need the Texas Instruments TMS320C3x compiler (code TMDS3243855-02). The libraries supplied by
Baldor are built using v5.11 of the compiler, however all versions from v5.10 onward are compatible.

See section 6 for more details on the compiler.
The debugger and emulator package is useful for debugging but not essential (code TMDR3260130).
The Tl web site has details on all the products at http://dspvillage.ti.com/

Distributors for the tools include Avnet, Arrow, SEI and Macro.

This document and all example applications assume that the compiler has been installed into the folder:
C:\C31v5_ 11

with
C:\C31v5 11\BIN Executable files
C:\C31v5_ 11\INCLDUE Header files
C:\C31v5 11\LIB Library files

Note: The examples will need to be modified if this path is not correct. The compiler should be in the
PATH.

Installing the embedded developer libraries

Run the ‘NextMove Embedded Libraries’ installation program. This will install the Mint Motion Libraries
along with the required header files, example build files and example embedded application. The default
installation folder is CAMINTMT

The MintMT installation folder includes a number of sub folders:
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= Bin Any executable files required for building embedded applications.

= Example An example embedded application with build files for all NextMove variants.
= Include All header files required for building embedded applications

= Libraries All library files required for building embedded applications.
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3.4 Embedded example

The example embedded application, example.c, can be built and run on any NextMove variant. It shows
the use of a user installed profile loop and servo loop together with a move buffer low event handler and a
comms event handler.

3.4.1 Building the example

To build the application, open a command window in the example directory. The BUILD.BAT file is passed
a parameter which specifies the NextMove product for which the example is being built:

NextMove PCIl: BUILD PCI
NextMove BX: BUILD BX
NextMove BX Il: BUILD BXII
NextMove ESB: BUILD ESB
NextMove ES: BUILD ES
NextMove ST: BUILD ST

For example, to build the example for NextMove PClI, at the C:\MINTMT\EXAMPLE> prompt type:
BUILD PCI

The BUILD.BAT file uses the compiler shell CL30 in order to compile the files specified in the
COMPILE.CMD command file. The linker LNK30 is then called with the LINKxxx.CMD command file to
produce an EMBEDDED.CHX application file. There is a separate link command file for each product
which contains the linker options and details of the memory map for the specific controllers.

The output of the Texas Instruments compiler/linker is a .OUT file in COFF 0 format'. This file is then
compressed to create a .CHX file that can be downloaded to the controller. This compressed format
substantially decreases the download time for serial controllers.

The NextMove ES, ESB and ST examples use the CANopen variant of the embedded libraries. To use
the BaldorCAN variant of the libraries, the LINKxxx.cmd files must be edited. The required lines are
commented out in the file.

Typical compiler output is shown below:

C:\Proj\MintMT\Development Firmware\Nextmove\Embedded\Example>build PCI
[example.c]

TMS320C3x/4x ANSI C Compiler Version 5.11
Copyright (c) 1987-1999 Texas Instruments Incorporated
"example.c' ==> main
"example.c" ==> setupAxes
"example.c" ==> myGenerator
"example.c" ==> myPreServoLoop
"example.c' ==> myServoLoop

" When using the TMS320C3x C Source debugger the .OUT application file must be used.
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"example.c" ==> myPostServoLoop

"example.c" ==> myCommsEventHandler

"example.c" ==> myMoveBufferLowEventHandler
TMS320C3x/4x ANSI C Optimizer Version 5.11
Copyright (c) 1987-1999 Texas Instruments Incorporated

"example.c" ==> main

"example.c" ==> setupAxes

"example.c" ==> myGenerator

"example.c" ==> myPreServoLoop

"example.c" ==> myServoLoop

"example.c" ==> myPostServoLoop

"example.c" ==> myCommsEventHandler

"example.c" => myMoveBufferLowEventHandler
TMS320C3x/4x ANSI C Code Generator Version 5.11
Copyright (c) 1987-1999 Texas Instruments Incorporated

"example.c ==> main

"example.c ==> setupAxes

"example.c ==> myGenerator

"example.c" ==> myPreServoLoop

"example.c ==> myServoLoop

"example.c ==> myPostServoLoop

"example.c ==> myCommsEventHandler

"example.c ==> myMoveBufferLowEventHandler
TMS320C3x/4x COFF Assembler Version 5.11
Copyright (c) 1987-1999 Texas Instruments Incorporated

PASS 1
PASS 2

No Errors, No Warnings

<Linking>

TMS320C3x/4x COFF Linker Version 5.11
Copyright (c) 1987-1999 Texas Instruments Incorporated

BUILD complete.
TMS320C3x/4x Hex Converter Version 5.11
Copyright (c) 1987-1999 Texas Instruments Incorporated

BUILD: HEX conversion completed OK.

CompHex v1.02

Compressing output\embedded.out

Initial size = 721366

Size of compressed binary image = 335834 (46.6%)

Embedding banner: MintMT for NextMove PCI Build 5331 CANopen BaldorCAN
Verifying... Okay

BUILD: File compression completed OK.
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3.4.2

3.5

3.5.1

Downloading the example

The firmware file (.CHX) can be downloaded to the controller from Mint WorkBench or from a host
application.

In WorkBench, Select ‘Download Firmware...” from the tools menu. Then select the ‘Advanced’ tab and
‘Download Firmware file...”. Browse to the ‘Embedded.chx’ file and click ‘Ok’. This will overwrite any
existing firmware on the controller.

When writing your own application, it is important to use the compile and linker settings from the relevant
example in order to produce an application that runs correctly. See the ‘TMS320C3x Optimising C
Compiler User’s Guide’ for details of the switches and options used.

You may easily build up your own application by specifying the files to use at the bottom of
COMPILE.CMD and at the top of LINKxxx.CMD.

Debugging

Debugging an embedded application can prove difficult without an in-circuit emulator (ICE). However
there are several ways to identify problems; these are described in section 3.5.1.

Creating debug information

DoPrint

The simplest form of debugging is to insert statements into the application that let you know where in the
code the problem occurs, or the state of a variable. The first method is to make use of the Mint terminal
with the DoPrint () function. For example:

__int8 cString[255];

DoPrint ( TERM1, “\n\rAbout to set Speed” );

SetSpeed ( 0, 1000.0 );

sprintf ( cString, “\n\rValue of speed is %f”, GetSpeed ( 0 ));
DoPrint ( TERM1, cString );

Using WorkBench, select the Edit & Debug tool from the toolbox, then any text printed from an embedded
application will appear in the Output window. In the previous example the following text would be
displayed:

About to set Speed

Value of speed is 1000

Using this method of debugging adds a lot of processing overhead to the application. If the section of
code that you are trying to debug is time critical it may not be practical to add the delay of printing to the
pseudo serial buffer. Also, as the text is buffered the host will read it some time after the embedded
application has written the characters into the buffer. This can give a false impression of what line is being
executed.

See the ‘Terminal input/output’ section in the MintMT Help File for details on terminal ports and printing.
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Dual Port RAM

When using NextMove PCI, an alternative to printing text is to write values to Dual Port RAM (DPR). The
code overhead with this method is much smaller and so can be used in time critical sections of code. The
value in DPR will be updated in real-time so the point of execution can be determined more accurately.

The user area of DPR can be used to write debug information (see section 7 for a DPR map). For
example:

SetDPRLong ( OxBEO, 1 );
SetSpeed ( 0, 1000.0 );

read = GetSpeed ( 0 );
SetDPRFloat ( OxBEl, read );

The value in a specific location in DPR can be read using the Command Prompt in WorkBench. The
keywords DPRLONG and DPRFLOAT can be used to read and write to DPR locations. The syntax for these
is:

DPRtype.address = value
value = DPRtype.address

The DPR WatchWindow can also be used to view DPR locations.

LED Display

Most NextMove products have an LED display. This can be used as an alternative to printing text. The
code overhead with this method is much smaller so it can be used in time critical sections of code.
Although it is difficult to display real numbers on the LED display, it can be used to indicate the point of
execution. In order to write to the LED display it must be first put in user mode using the function
SetLED (). The different LED segments can be illuminated by writing to the display using the function
SetLEDDisplay (). The LED display will be updated on the next 2ms tick.

For example:

SetLED (-2);
SetLEDDisplay (0x0001);
SetSpeed (0, 1000.0);
SetLEDDisplay (0x0002);

HSS

For a more graphical representation the HSS output pins can be toggled during execution. The state of
these pins can be monitored using an oscilloscope to determine what section of code is being executed.
The code overhead of writing to the HSS port is very small so this method can be used in real-time
environments.

The HSS pins can also be used to time execution speeds of an embedded application. See section 5.5 for
more details on the HSS port.
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3.5.2 Using the C source debugger

It is possible to debug an application on NextMove using a TMS320C3x C Source debugger in conjunction
with an in-circuit emulator pod.

An 11-pin footprint on the rear of the card marked ‘ICE’ provides access to the processor for boundary
scan emulation. To access this a two row 12-pin 0.1” pitch surface mount pin header with pin 8 missing
must be fitted. The connections are those specified by Texas Instruments. Please contact your local
Baldor representative to obtain a NextMove with this header fitted.

The only recommended emulator pod is the Texas Instruments XDS510. Both the XDS510 debugger
software and the Code Composer Suite have been used for application debugging.

In order to single-step through an application, the system watchdog will need to be disabled in order to
avoid the watchdog barking and putting the card into reset.

/!\ WARNING: Disabling the watchdog will remove fail safe protection for the firmware. If the emulator
is stopped with a move in progress, the DAC outputs will not be cleared down which will
result in axes moving in an uncontrolled fashion. It is NOT recommended that
debugging is performed on the application machine but preferably in a ‘laboratory’
environment where no physical or personal harm can be inflicted.

Contact your local Baldor representative for information on how to disable the watchdog functionality.
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4.1

4.2

Mint Motion Library Features

Mint Motion Library (MML) data types

Although all data types on NextMove are 32-bit (with the exception of the extended precision floating point
number, see section 6.11), it is still useful to use a data type that is meaningful to the data being held.

The Mint Motion Libraries define a number of data types for this purpose:

_ints - signed 8-bit
__intle - signed 1l6-bit
__int32 - signed 32-bit
__uint8 - unsigned 8-bit
__uintle - unsigned l6-bit
__uint32 - unsigned 32-bit
BOOL - boolean value

The MML functions use data types appropriate to the size of the data being passed as arguments.
For example, the prototype for setSpeed () is:
__intl6 SetSpeed ( _ intl6 nAxis, float fSpeed );

The return error code is defined as a signed 16-bit value, the axis number as a signed 16-bit value and the
speed to set as a 32-bit floating point value.

Calling API Functions

The MintMT API allows motion functions to be called from embedded C. The prototypes for the functions
can be found in the file MMLAPI.H. Pre-defined constants can be found in the file MIL.H.

If a function call fails, a system error is generated. For example, trying to set a parameter on an invalid
axis will cause an 'erINVALID_AXIS' error which has a value of 2. The GetSystemError function can be
used to return the error code from the last function called.

__intl6 nError;

SetSpeed ( -1, 10.0 ); /* Axis -1 is invalid */
nError = GetSystemError (); /* nError will equal 2 */
SetSpeed ( 0, 10.0 ); /* Axis 0 is wvalid */
nError = GetSystemError (); /* nError will equal 0 */

Error codes can be found in chapter 7.

A system error will also cause an entry in the error log that can be read using WorkBench. Go to the
Application pane and click on 'Error Log'. System errors will be displayed as type 'System' with a fault
description of the form:

MML call (426) failed : 'Axis specified out of range’
The function call number is an enumeration of all API functions. These can be found in chapter 7.
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4.3 Accessing Dual Port RAM (DPR)

On NextMove PCI, there are a number of functions to read and write data to DPR from an embedded
application. DPR is 32-bits wide and is addressable in the range 0x000 to OxFFF. See section 7 for details
on the contents of DPR.

Read / write a float

float GetDPRFloat ( _ intl6é nAddress );
void SetDPRFloat ( _ intl6 nAddress, float fValue );

Read / write a signed 32-bit value

__int32 GetDPRLong ( _ intl6 nAddress );
void SetDPRLong ( _ intl6 nAddress, _ int32 1lvalue );

4.4 Event handling

Events can be generated in response to the following conditions:

= Asynchronous Errors — an asynchronous error occurred on the NextMove card.

= Fast position latch — an axis has latched position

= Stop switch — a stop switch has become active

= Bus event -an event on CAN bus 1 or 2

= Timer — the timer event period has expired

= Digital input active — a digital input has become active

= DPR event — the user generated a DPR event.

= Move Buffer Low - the numbers of moves in a move buffer drops below a specified threshold.
= Axis Idle - an axis has become idle.

Note : For more details on events see the MintMT help file.

The events are prioritized in the following order:

Priority Event

0: Highest Error

1 Bus

2 Stop switch

3 Fast position latch
4 Timer

5 Digital input

6 Comms
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Priority Event

7 DPR event
8 Move Buffer Low
9 Axis Idle

In order for the user to be informed of an event, a handler must be installed. Event handlers may be
installed in embedded and host applications. If both an embedded handler (Mint or MML) and a host
handler are installed then only the embedded handler will be called.

When an event occurs and a handler is installed, the handler is called. A higher priority event will interrupt
a lower priority event. The call to the handler is done from within the 2ms tick. If multiple events occur
within a 2ms tick, then the above priority system will be used to decide which event to call.

441 Events within MML

For events to be generated each event requires a handler to be installed. The handlers are installed with
the following functions:

Error handler

The install function for error events accepts a pointer to a function, if this is a NULL pointer the handler is
uninstalled.

typedef void TErrorEventHandler ( void );
void InstallErrorEventHandler ( TErrorEventHandler *pHandler );

Only asynchronous errors will generate calls to the error event handler. If a function call returns an error
code this will not call the error handler. Asynchronous errors are errors that are not synchronous with
program execution, like an axis exceeding its following error limit.

Fast position latch handler

The install function for fast position latch events accepts a pointer to a function, if this a NULL pointer the
handler is uninstalled.

typedef void TFastInEventHandler ( void );
void InstallFastInEventHandler ( TFastInEventHandler *pHandler );

The source of the call to the fast position latch handler can be established using the function
GetFastLatch ().
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Stop switch handler

The install function for stop switch events accepts a pointer to a function, if this is a NULL pointer the
handler is uninstalled.

typedef void TStopSwitchEventHandler ( void );
void InstallStopSwitchEventHandler ( TStopSwitchEventHandler *pHandler );

The source of the call to the stop switch handler can be established using the function
getStopSwitch ().

BUS event handler

The install function for BUS events accepts a pointer to a function, if this is a NULL pointer the handler is
uninstalled. The IBusBitmap parameter is a bit pattern representing the bus that caused the event.

typedef void TBusEventHandler ( _ int32 1BusBitmap );
void InstallBusEventHandler ( TBusEventHandler *pHandler );

Timer event handler

The install function for timer events accepts a pointer to a function, if this is a NULL pointer the handler is
uninstalled. The parameter passed to the function will always be zero.

typedef void TTimerEventHandler ( _ intl6 nTimerEventNumber );

void InstallTimerEventHandler ( TTimerEventHandler *pHandler );

Digital input handler

The install function for digital input events accepts a pointer to a function, if this is a NULL pointer the
handler is uninstalled. When the input event handler is called, it is passed a bit pattern of activating inputs.
In the case of NextMove PCI where each PCI card has a bank of I/O (the main board is bank 0, the first
expansion board is bank 1 and the second expansion card bank 2) the expansion cards are read
sequentially. The events for digital inputs on each card have the same priority.

typedef void TInputEventHandler ( _ intlé nBank,

_int32 1ActivatedInputs );
void InstallInputEventHandler ( TInputEventHandler *pHandler );

Comms location changed event

The install function for comms events accepts a pointer to a function, if this is a NULL pointer the handler
is uninstalled. When the comms event handler is called, it is passed a bit pattern indicating the changed
comms locations. Comms events will only be generated for comms location 1 to 5 inclusive.

typedef void TCommsEventHandler (  int32 1lCommsEventPending );
void InstallCommsEventHandler ( TCommsEventHandler *pHandler );

Comms events will be generated when an external source modifies the contents of comms locations 1 to 5
using the function setComms () . Only external access to the comms array will call the embedded comms
event handler. Calling the MML function setComms () in an embedded application will not generate a call
to an embedded comms event handler.
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DPR event from the Host

The install function for DPR events accepts a pointer to a function, if this is a NULL pointer the handler is
uninstalled. When the DPR event is generated the function called is passed a 16-bit code, as passed by
the host.

typedef void TDPREventHandler ( _ intl6 nCode );
void InstallDPREventHandler ( TDPREventHandler *pHandler );

Move-Buffer-Low

The install function for Move-Buffer-Low events accepts a pointer to a function; if this is a NULL pointer the
handler is uninstalled. When the Move-Buffer-Low event is generated the function called is passed a 16-bit
code representing the axes which have reached the move buffer threshold.

typedef void TMoveBufferLowEventHandler (  intl6 nAxisBitPattern );
void InstallMoveBufferLowEventHandler (
TMoveBufferLowEventHandler *pHandler );

Axis Idle

The install function for axis idle events accepts a pointer to a function; if this is a NULL pointer the handler
is uninstalled. When the axis idle event is generated the function called is passed a 16-bit code
representing the axes which have become idle.

typedef void TAxisIdleEventHandler ( _ intl6 nAxisBitPattern );
void InstallAxisIdleEventHandler ( TAxisIdleEventHandler *pHandler );

Event control

There are various functions which can be used to control event generation. These are detailed below.
The bit pattern accepted by these functions is described in the following table:

o
-

Event

Reserved

Error

Bus

Reserved

Stop switch

Fast position latch

Timer

Digital input

Comms event from PC to controller (PC updated comms location)
Comms event from controller to PC (controller updated comms location)

O|Oo(N|O(O|R(W|IN|=|O
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Bit Event

10 DPR event from PC to controller
11 DPR event from controller to PC
12 Reserved

13 Move buffer low

14 Axis idle

The user can read which events are currently active using the function GetEventActive.

Any currently pending events can be cleared selectively using the function GetEventPending and
SetEventPending. This accepts the same bit pattern. Clearing a set bit will clear the pending flag for that
event. Passing a value of zero will clear all pending interrupts.

Once a handler has been installed the event generation can be disabled by using the function
SetEventDisable. This function accepts the same bit pattern. Setting a bit will disable the generation of
that type of event. Setting this to zero will enable all events which have a handler installed.

The function GetEventDisable will return a bit pattern of any currently disabled interrupts.

By default all digital inputs will generate events when they become active. These digital inputs can be
masked so that they do not generate events using the function SetIMask. This function accepts a bit
pattern which represents all digital inputs; if the bit is set then the digital input will generate an event when
the input becomes active.

The function GetlMask will return a bit pattern representing those digital inputs which will generate an
event when they become active.

The user can interrupt a host application using the function: This will interrupt the host and pass a code to
the host’s DPR event handler. Although the parameter passed is a 16-bit variable, due to the way the
code is passed across Dual Port RAM only an 8 bit code can be passed.

Event handling example

The TimerEvent example can be found in the folder \MintMT\Example\Embedded\TimerEvent.

The example will install a Timer Event handler and set the period between calls to 1000ms. When called
the Timer Event handler will display a text string.
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5.1

Open Architecture

The idea of the Mint open architecture is to allow users to add their own functionality to Mint. This allows
users to:

= modify or replace the servo loop for any/all axes.
= replace the motion profiler for any/all axes.

For an embedded application, the user links with the MML libraries as normal to generate a user
application file. Hooks are provided which allows the user to install custom servo loops and profile loops.

Servo User Servo
Loop Loop
Mint Motion User
Library Application
Profile User Profile Code
Loop Loop

Figure 1 - Mint open architecture

Data available

In order to use the open architecture, the user must have access to a number of internal and external
(user) parameters. Internal NextMove data can be accessed through a number of structures:

_TServoLoopData
_TAxisData
_TAuxAxisData
_TIOData

These structures provide copies of a number of selected common internal parameters that might be useful
within both a servo loop and a trajectory generator. Any other parameters may be accessed through the
standard MML function calls.

TServoLoopData contains data that is pertinent to the servo loop, axis position, servo loop gain terms
etc.

typedef struct {
float *actualPosition;
float *actualSpeed;
float *demandPosition;
float *demandSpeed;
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float
float
float
float
float
float
float
float
float
BOOL

*kProp;
*kInt;
*kDeriv;
*kvel;
*kvVelff;
*kAccel;

*useDAC;

} _TServoLoopData;

actualPosition

actualSpeed

demandPosition

demandSpeed

demandAcceleration

followingError
kProp

kInt

kDeriv

kvel

kvelff

kAccel

DACValue

useDAC

*DACValue;

*demandAcceleration;
*followingError;

This is the actual position of the axis, normally derived from the encoder
position.

This is the difference in actualPosition in consecutive servo loops.

This is the demand position for the axis, normally derived from the profiled
position.

This is the demand speed of the axis. Normally this is only updated when new
positions are loaded as, due to linear interpolation of position, the velocity
between profiled positions is constant.

This is the demand acceleration of the axis, normally only updated when new
positions are loaded.

This is the difference between demandPosition and actualPosition.

This is the proportional gain term as set by the MML function setKProp ().
This is the integral gain term as set by the MML function setKInt ().

This is the derivative gain term as set by the MML function setKDeriv ().
This is the velocity feedback gain term as set by the MML function setKvel ().

This is the velocity feedforward gain term as set by the MML function
setKVelFF ().

This is the acceleration feedforward gain term as set by the MML function
setKAccel ().

This is the value to output to the DAC.

If this is set to TRUE then the DAC on the NextMove card will be used,
otherwise the DAC output will not be applied to the hardware.

These pointers are setup during initialization so they can be used without any pre-initialization. Where
applicable all the data is in counts. All numerical data is in 32-bit floating point format. The position range
of the NextMove controllers is —8388608 to +8388607.

These two values are defined as macros in MIL.H:

#define MAX FLOAT
#define MIN FLOAT

8388607.0F /* max. MML FLOAT (24 bit mantissa) */
-8388608.0F /* min. MML FLOAT (24 bit mantissa) */
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All positional data must be wrapped to keep it within these limits. Failure to do this will lead to unexpected

behavior.

TAxisData contains data for all controlled axes on the controller.

typedef struct {

float previousDemandPosition;

__int32 deltaPosition;
__int32 deltaEncoder;
int32 measuredPosition;
_int32 encoderPosition;
float scaleFactor;
float invScaleFactor;
float encScaleFactor;
float invEncScaleFactor;
float speed;
float acceleration;
float deceleration;
float errorDeceleration;

__int32 flags;
} TAxisData;

previousDemandPosition The demand position generated by the previous profile loop in user units.

deltaPosition

deltaEncoder

measuredPosition
encoderPosition

scaleFactor

invScaleFactor

encScaleFactor

invEncScaleFactor

speed

acceleration

deceleration

errorDeceleration

The number of encoder counts or stepper pulses received since the last
profile loop; this is in effectively the axis velocity.

The number of encoder counts received since the last profile loop. This is
the velocity of the encoder.

The current measured position in encoder counts or stepper pulses.
The current encoder position in encoder counts.

The axis scale factor. This is the number of encoder counts / stepper
pulses in a user unit, as set by the MML function setScale ().

The inverse of the scale factor (1/scale factor)

The encoder scale factor. The number of encoder counts in a user unit,
as set by the MML function setEncoderScale ().

The inverse of the encoder scale factor (1/encoder scale factor).

The axis speed value in user units per profile loop, as set by the MML
function setSpeed ().

The axis acceleration value in user units per profile loop per profile loop,
as set by the MML function setAccel ().

The axis deceleration value in user units per profile loop per profile loop,
as set by the MML function setDecel ().

The axis deceleration value in user units per profile loop per profile loop
used when the axis is in error. This is set by the MML function
setErrorDecel ().

Open Architecture 5-3



flags See section 5.3.3

TAuxAxisData contains data for all auxiliary axes on the controller.

typedef struct {
__int32 deltaEncoder;
__int32 encoderPosition;
float encScaleFactor;
float invEncScaleFactor;
} TAuxAxisData;

deltaEncoder The number of encoder counts received since the last profile loop, this is the
velocity of the encoder.

encoderPosition The current encoder position in encoder counts.

encScaleFactor The encoder scale factor, to covert the number of encoder counts to a user unit.
This is set by the MML function setEncoderScale ().

invEncScaleFactor The inverse of the encoder scale factor (1/encoder scale factor)

TIOData contains data for all inputs on the controller.

typedef struct {
__int32 inputBankO0;
__int32 inputBankORaw;
__int32 inputBankl;
__int32 inputBankORaw;
__int32 inputBank2;
__int32 inputBankORaw;
float analog[1l2];

} _TIOData;

inputBankO0 Bit pattern of inputs on the main board, this is processed data. It reflects any
INPUTACTIVELEVEL’s which have been specified. In the case of edge triggered
inputs the activating edges are latched until cleared by calling the MML function
getIN().

inputBankORaw Bit pattern of input levels on the main board. The inputs are sampled every
millisecond. This is raw data and reflects the state of the inputs as read prior to the
processing of the profiler.

inputBankl Bit pattern of inputs on expansion board 0, this is processed data. It reflects any
INPUTACTIVELEVEL’s which have been specified. In the case of edge triggered
inputs the activating edges are latched until cleared by calling the MML function
getIN().

inputBanklRaw Bit pattern of input levels on expansion board 0. The inputs are sampled every
millisecond. This is raw data and reflects the state of the inputs as read prior to the
processing of the profiler.
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5.2

5.2.1

inputBank?2 Bit pattern of inputs on the expansion board 1, this is processed data. It reflects any
INPUTACTIVELEVEL’s which have been specified. In the case of edge triggered
inputs the activating edges are latched until cleared by calling the MML function
getIN().

inputBank2Raw Bit pattern of input levels on expansion board 1. The inputs are sampled every
millisecond. This is raw data and reflects the state of the inputs as read prior to the
processing of the profiler.

analog Analog values for all ADC channels on the main board and expansion boards.

These are accessible to the user with the servolLoopbatal], axisDatal[], auxAxisData[] and
IOData variables.

Servo loop

The purpose of the servo loop is to execute the control law on each axis.

It reads the actual position of the axis and calculates the actual speed as well as demand position, speed
and acceleration then generates a DAC output using the control law.

Actual Position

Demand Position —— Servo Loop — Update DAC

By default the closure time for the servo loop is every 1000us. This can be changed using the MML
function SetLoopTime.

Installing servo loop hooks
There are three user installable servo loop options:

Pre-Servo Loop

This is called directly after the actual and demand positions have been calculated, but prior to the point
that the following error is calculated. This is designed to allow users to overload either the actual position
(read from the encoder) of the demand position (generated by the profiler). If either of these two values
are modified the user must modify the associated speed and acceleration parameters to allow the control
law to function correctly.

To install a pre servo loop handler use the function InstallPreServoLoop ():

typedef void TPreServolLoop ( __uint8 ucAxis );
void InstallPreServoLoop ( _ uint8 ucAxis, TPreServoLoop *pHandler );
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The installed handler will be called automatically by the MML libraries. To uninstall a handler, pass a
NULL pointer as the handler.

Main Servo Loop

This is called in place of the PIDVFA control law that is used to generate the DAC demand value. If this
hook is installed then no control law will be processed on the controller. This is designed to allow users to
write their own control law.

To install a main servo loop handler use the function installMainServoLoop ():

typedef void TMainServoLoop ( _ uint8 ucAxis );
void InstallMainServoLoop ( _ uint8 ucAxis, TMainServoLoop *pHandler );

The installed handler will be called automatically by the MML libraries. To uninstall a handler, pass a
NULL pointer as the handler.

Post Servo Loop

This is called directly before the DAC value is written to the hardware. This is designed to allow a DAC
filter to be implemented or to allow the DAC value to be written to a different DAC.

To install a post servo loop handler use the function installPostServoLoop ():

typedef void TPostServoLoop ( _ uint8 ucAxis );
void InstallPostServoLoop ( _ uint8 ucAxis, TPostServolLoop *pHandler );

The installed handler will be called automatically by the MML libraries. To uninstall a handler, pass a
NULL pointer as the handler.
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5.2.2 The servo loop flow diagram

For all encoders

For all axes

Read Encoders

| Process Encoder Data |

_________________ i_____________

No
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SERVO

| Update Actual Position |

'
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!

| Call Pre-Servo Loop |
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| Update Following Error |
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| Update Demand Acceleration |
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TORQUE Yes
mode or
DAC
ramp
No
DAC
ramp
| Update Demand Position | Yes A 4

l

| Call Pre-Servo Loop |

}

| Update Following Error |

Is a Main
Servo
Loop

installed

A 4

Call Main Servo Loop |

| Call Baldor Servo Loop |

}

| Update DAC Demand |

Update Demand
Position with Actual
Position

| Update DAC Demand

<

A 4

| Call Pre-Servo Loop |

Y

| Call Post Servo Loop

l

| Output DAC Value |

Capture Data

5-8 Open Architecture



5.2.3

5.3

5.3.1

Servo loop example
The ServolLoop example can be found in the folder \MintMT\Example\Embedded\ServolLoop.

This example installs pre, main and post servo loops for axis zero.

The pre-servo loop keeps a copy of the actual position of the axis but wraps it at 16384 giving a position
range of 0 to 16383. This value is then written to DPR at location OXBEQ. The code is wrapped in a toggle
of timer pin 1 to allow timing.

The main servo loop is a simple PID controller which generates a DAC demand value based on the actual
and demand position of the axis. The code is wrapped in a toggle of timer pin 2 to allow timing.

The post servo loop applies a smoothing function to the DAC output. The code is wrapped in a toggle of
timer pin 3 to allow timing.

Motion profiler

By default the motion profiler runs every 2ms and performs a number of functions. For each axis in turn, it
checks if a move type is loaded and triggered for motion and then calls the specific trajectory generation
routine for that move type. It then processes the new demand position produced for the axis so that it can
be picked up by the next servo loop. The output of a trajectory generator is a floating point demand
position scaled to user units.

Inputs:
e.g. user terms,
demand position,

demand velocity > > Output: axis
etc. demand position

Motion Profiler

The inputs to the trajectory generator may be any user parameters as well as a number of internal
parameters made available to the users trajectory generator.

Installing a motion profiler hook
A motion profiler is simply a function or set of functions that is specified to be the motion profiler for an
axis. Itis installed using the InstallProfileLoop () function.

typedef void TProfileLoop ( _ uint8 ucAxis )
void InstallProfileLoop ( _ uint8 ucAxis, TProfileLoop *pHandler )

Once the user motion profiler is installed, it can be considered as a new move type called ‘user’. It does
not replace the existing motion generation routines such as homing or linear moves but is an addition to
them. A separate profiler may be installed for each axis or multiple axes may use the same one. A profiler
is not limited to creating motion only on the axis for which it is installed. It may create motion for any
number of axes.

In order to use the new motion profiler, the user must load a move. The function SetUserMotion will
perform some range checking and check the state of the axis. In order to load a move on an axis certain
conditions must be satisfied:
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5.3.3

= The axis must not be in error.

= The axis must be configured as either a servo, stepper or a virtual axis.

= The drive must be enabled.

= The axis must be idle (i.e. there cannot be any other moves loaded on the axis).

If any of these conditions are not met the function will return an error code.

The state parameter allows the user move type to be turned on and off. A state of 1 will load the move. A
state of zero effectively unloads the move and stops the user motion profiler from being called.
GetAxisMode () will return to idle.

Once the move has been loaded, reading the current mode of motion will be mdUSER and the axis will no
longer be idle. The move must be started by calling the doGo () function. Every 2ms, the user motion
profiler will then be called for that axis until the move is stopped by the user or by an error condition.

Writing the new demand position

In order to write the new demand position for any axis, the SetDemandPosition () function must be
called. The function will perform some range checking and check the state of the axis. In order to update
the demand position of an axis certain conditions must hold.

= The axis must not be in error.

= The axis must be configured as either a servo or a stepper.

= The drive must be enabled.

»= The mode of the axis must be mdUSER (i.e. there must be a user motion enabled for this axis).

If any of these conditions are not met the function will return an error code. A user motion profiler may
calculate a demand position for multiple axes as long as those axes are in user mode.

Error handling
Most error and event handling is performed automatically. All ‘crash stop’ type situations are performed
internally.

All ramp down style events must be performed in the user’s motion profiler. This applies to any error
condition that has an error mode set to emERROR_DECEL. It also applies to the DoStop () and
SetSuspend () functions and the stop input. When the ramp down condition is indicated, the user should
bring motion to a controlled stop. The user motion profiler does not have to ‘ramp’ the motion to a halt.
Any profile is acceptable, but if the user does not support this functionality then the boStop () and
SetSuspend () functions will not operate. The axis will also fail to respond to the error conditions (which
could result in mechanical damage) if the error mode is emERROR_DECEL.

The flags parameter of the TAxisData structure is used to pass information and instructions to the users
motion profiler. The flags field is a bit pattern as follows:
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5.4

5.5

Value Meaning

0 No action required.

1 Deceleration required. This is caused by the doStop() function, the Suspend() function and
by the stop switch being activated.

3 Error deceleration required. This is caused by an error condition or by the stop switch

being activated.

Failure to check bit 0 of the flags field on all axes performing a user move will mean that the axis will not
stop as normal when requested. Failure to check bit 1 of the flags field on all axes performing a user
move could result in an axis not stopping in an error condition.

Note: Error modes should NOT be set to error deceleration unless code to support this has been written
in the motion profiler.

Motion profiler example
The Profiler example can be found in the folder \MintMT\Example\Embedded\Profiler.

This example installs a custom profiler for axes 0 to 3. The profiler generates a trapezoidal velocity profile
to move an axis to a specified target position. This example will respond correctly to requests to
decelerate in the event of an error.

Calling APIs from within the handlers

Since the open architecture handlers must run quickly, it is not possible to call the majority of API calls
from within the handlers. Attempting to do so will cause the internal ticks to overrun and the controller to
crash. The following APIs may safely be called from within a handler:

SetDemandPosition
GetDPRFloat
SetDPRFloat
GetDPRLong
SetDPRLong

Code execution time

NextMove code is interrupt driven, meaning both the servo loop and the profiler are triggered at regular
intervals. Because of this it is essential that both the servo loop and the profiler complete within the
allocated time slice.

The servo loop has a dedicated interrupt, which by default is called every 1ms.
The profiler shares its interrupt with the housekeeping routine. These run alternately every 2ms.
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Figure 2 - Interrupt Timing Diagram

The servo loop interrupt is a higher priority than the profiler’housekeeper interrupt. Higher priority
interrupts will interrupt the lower priority interrupts if their time slices overlap, so it is essential that these
functions complete in the specified time slice.

The execution time of these routines can be monitored via the HSS header.

On NextMove PCI a 10-pin footprint on the rear of the card marked ‘HSS’ provides access to the HSS port.
To access this a two row 10-pin 0.1” pitch surface mount pin header must be fitted. Please contact your
local Baldor representative to obtain a NextMove with this fitted.

On NextMove BX the HSS port connector comes fitted as standard, it is located is next to the bootloader
EEPROM and labeled ‘JP13'.

The servo loop, profiler and housekeeping routines are always output via timer pins. The remaining 3
timer pins are available to the user via the macros:

TIMER PIN1 ON
TIMER PIN1 OFF

TIMER PIN2 ON
TIMER PIN2 OFF

TIMER PIN3 ON
TIMER PIN3 OFF

Sections of code can be wrapped in these macros. When a timer is turned on, it causes a pin of the HSS
port to be set high. When the timer is turned off, the pin goes low. An oscilloscope may be used to time
the duration of the pulse.

Details of the HSS pin out are described in the following table.
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Pin

Function

Ground

Ground

Servo Loop

Profiler

Housekeeper

Timer Pin 1

Timer Pin 2

Timer Pin 3

Ground

2O (N|O|Oh|lW|IN|—~

Ground

HSS
Pin 10 3 Pin 9
User Timer _D L]
Pins OO
oo
Pin 2 | Pin 1

§

The NextMove will keep track of the timings as much as possible. In the event of a timing violation bit 8 of
the miscellaneous error bit pattern will be set and the user installed error handler will be called. The
condition which will cause a timing violation if a house keeper tick occurs while a profiler is in progress.

Using the entire time slice up will result in the main application code running slowly, so the servo loop and

profiler must be as fast as possible.

Although the NextMove will generate an error in the event of a timing violation the only real way to
determine which sections of code are taking the most time is to monitor the timing pins on the HSS header
using an oscilloscope.
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6.1

6.2

TMS320C31 Compiler

Overview

For full details on the Texas Instruments tools, refer to the documentation supplied with them. The
following sections provide some useful information when using these tools.

Compiling code

The Texas Instruments (TI) compiler is an ANSI ‘C’ cross compiler with associated tools (assembler, linker,
hex converter, etc.) that run on a PC. The tools are command line driven utilities.

The Texas Instruments ‘Code Composer’ suite may be also be used. It is important that the compiler and
linker settings are transferred from the example build files to the Integrated Development Environment
(IDE) to ensure correct production of an application.

The C31 compiler tools include:

= AC30 compiler (parser)
= ASM30 assembler (makes COFF object)
= CG30 code generator

= OPT30 optimizer
= LNKB30 COFF linker (makes COFF executable)

= CL30 compiler shell, combines above 5 tools

= HEX30 hex converter (convert COFF executable to intel Hex format for NextMove BX)
= CLIST interlist utility

= AR30 archiver

Although the ‘C’ compiler conforms to the ANSI ‘C’ standard there are a few special considerations that
must be taken into account due to the processor architecture and design of the NextMove controller.

The quickest way to compile code is to use the compiler shell CL30.EXE. This is a utility that allows you to
compile, assemble and optionally link code in a single step.
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Figure 3 - Compilation Stages

The shell runs one or multiple files through the following individual tools:

= compiler
= parser (AC30)
= optimiser (OPT30)
= code generator (CG30)
= assembler (ASM30)
= linker (LNK30)
= hex conversion (HEX30)

6.3 Run-time libraries

Texas Instruments supply a run-time library in the form of a .LIB file that contains object code for common
‘C’ functions like strcpy(), malloc(), etc. They also supply a set of header files that contain the function
prototypes, macro definitions and some global variables. Source for the run-time library is also provided
as an archive file.
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6.4

6.5

The standard run time library RTS.SRC includes math functions written in ‘C’. Texas Instuments provide
alternative source code for these functions written in assembler (MATHASM.SRC). These are claimed to
be faster than the ‘C’ code versions, however they do change the functionality of some of the math
functions.

The NextMove code is built on the standard RTS30.LIB run-time library.
It is recommended that the RTS30.LIB library is used.

COFF files

COFF is an abbreviation for Common Object Format File. This is a structured file that may contain
symbolic information required by source level debuggers, relocation information for smart loaders, etc. as
well as the code itself. Version 5.0 of the compiler introduces two new versions of the COFF format.
WorkBench only supports COFF 0 format.

Environment settings

C_DIR and A_DIR Environment Variable

These environment variables are used by the Tl compiler. They describes search paths that the compiler
should use to locate macro libraries and include files.

SET C DIR=<dirs> to set cpp and linker search paths
SET A DIR=<dirs> to set asm and linker search paths

You can specify multiple paths separated by *;’, for example:
SET C_DIR=C:\C31v5 1I\BIN;C:\C31v5 11\LIB;C:\C31v5 11\INCLUDE

This will be setup by the build files to be:

SET A DIR=C:\C31v5_11\BIN
SET
C_DIR=C:\C31v5_1I\BIN;C:\C31v5_ 1I\LIB;C:\C31v5_11\INCLUDE;..\..\..\INCLUDE

C_MODE Environment Variable

There are two versions of each of the Texas Instruments tools, a protected mode version and a real mode
version. The compiler shell CL30 will normally invoke the real mode versions of the tools. You may find
that during some stages of the compilation process the process is aborted with a ‘not enough memory’
error. The protected mode versions of the tools allow more memory to be used. The C_MODE
environment variable is used by the shell to determine which version of the tools it should invoke. The
examples use the protected mode versions of the tools:

SET C_MODE=PROTECTED
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6.6 Memory models

The Texas Instruments compiler can generate code for two memory models - big and small. The big
memory model is not used and should therefore not be used by any code linking to the libraries. This is
because the big model produces larger / slower code and is not suitable for real-time control.

The small model places no restriction on the size of code, stack or heap. All external variables, static
variables and compiler generated constants in the entire program (after linking) must fit into 64k x 32. The
.bss section cannot cross any 64k page boundaries.

Should you require to generate large data structures that push your program data requirements beyond
the 64k limit, dynamically allocate memory from the heap. This method allows access to the entire
address range with no real speed or size penalty save for the allocation / de-allocation overhead.

6.7 Argument passing

The Texas Instruments compiler allows you to specify whether function arguments are passed on the
stack or within C31 registers. The library code is compiled for stack argument passing. User code that is
to be linked with the libraries should be compiled in the same way. Code will not run if you link modules
that have been compiled with different options.

6.8 Two pass parsing / out of memory errors

Most of the development tools allocate memory from the heap to build tables during processing. The tools
may fail with ‘Out Of Memory’ errors if there is insufficient memory on your machine.

The parser normally runs a one pass process. When it does this it uses PC memory to store macro
definitions and symbol definitions. When run in two passes these functions can be separated. The first
pass performs pre-processing so that memory is only required for the macro definitions. In the second
pass there are no macro definitions so the maximum amount of memory is available for the symbol table.
If you experience ‘out of memory’ errors when compiling a solution may be to parse in two passes. See
the “TMS320 Floating Point DSP Optimizing C Compiler User Guide’.

6.9 Entry point

The file MML_BOOT.LIB contains the program entry point ¢_int00. When a program begins running,
MML_BOQOT is executed first.

6.10 Sections

The compiler produces six relocatable blocks of code and data. These blocks are called sections:

= TEXT executable code
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= CINIT tables for initializing variables

= .CONST string constants and switch tables
= BSS global and static variables

= _STACK system stack

= SYSMEM heap

The compiler treats memory as a linear block that is partitioned into smaller blocks of code and data. Each
block of code or data that a ‘C’ program generates will be placed in its own contiguous space in memory.
It is the linker that defines the memory map and allocates code and data into target memory.

You specify where these sections (and any sections that you define yourself) should be located in the
NextMove memory map within a linker command file. The example linker command file LINK.CMD
illustrates how this is done.

Data types

Most of the C31 data types are represented in 32-bits, with the exception of the extended precision floating
point number which is 40-bits.

Data type Size sizeof
char 32 bits 1
short 32 bits 1
int 32 bits 1
long 32 bits 1
float 32 bits 1
double 32 bits 1
long double 40 bits 2

The range of values that a type may take is the range that can be represented in 32-bits. char, int, long
and float are all the same size. Note that the sizeof operator will return 1 for all types except the long
double.

The extended precision floating point format is stored in two memory words and will require two instruction
cycles to load/store. Note that only addition and subtraction benefit from the extended precision; all
multiplication uses a truncated 32-bit version. There is also an instruction overhead when converting from
40-bit floating point to 32-bit floating point due to the use of the RND instruction.

As all data types are 32-bit, declaring a variable as an 8-bit value will not limit its range. For example,
incrementing a variable declared as a 8 bit value will not wrap at OxFF back to 0x00 but will continue to
increment. To ensure that none of the upper bits are set, masking with an appropriate mask such as OxFF
will limit the range.
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6.12 Division

There are no divide instructions on the C31 so all division is done within library functions. These functions
may take some time to execute. If you need to perform division in time critical portions of code you should
store the inverse and multiply if possible.

6.13 Variable initialization

Notice that variables are not zero initialized as standard so you must do this in your code. You should not
assume the value of any variable or pointer unless you have initialized it yourself.

6-6 TMS320C31 Compiler



7.1

NextMove PCI DPR Map

Overview

Each area of the address map is described below. Where an address is shown, it is the DPR location.
Address offsets are added to the base address. Floating point numbers will conform to C31 format. The
PC interface must convert to IEEE format before passing the data to the PC application. Likewise, IEEE
floating point numbers must be converted to C31 format before writing to the DPR. All library functions do
this automatically.

= The refresh rate of the data in DPR is 2ms.
= All addresses and address offsets are in hexadecimal format.

Dual Port RAM on NextMove PCI has 4K of 32-bit data, but certain areas are designated as read only.
This means that if the user tries to write to these locations the data may be corrupted.

All access to Dual Port RAM on NextMove PCl is 32-bit wide.

By default the update of DPR data is disabled. To enable the DPR update write to the DPR Control
Register at address zero. This can be done from an embedded application with the functions:

void SetDPRLong ( _ intlé nAddress, _ int32 1lValue );

Alternatively, using the Command Prompt in WorkBench, Dual Port RAM locations can be modified using
the keywords:

DPRLONG.address = value
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7.2 Dual Port RAM map

Address Description Read Only
0xFFF Interrupt Host v
OXFFE Interrupt NextMove v
0XFFD Reserved v
OxFEQ

O0xFDF User Area

0xBEQ

0xBDF Reserved v
0x600

0x5FF ICM Expansion v
0x500

0x4FF Axis Data v
0x400

0x3FF Special Function Registers v
0x3F8

0x3F7 User Area

0x29C

0x29B Comms (99 locations)

0x1D6

0x1D5 Pseudo Serial Transmit Buffer v
0x193

0x192 Pseudo Serial Receive Buffer v
0x150

0x14F ICM Interface v
0x130

0x12F /0 Data v
0x110

0x10F Axis Data v
0x010

0x00F Status and Control Registers v
0x002

0x001 DPR Status Register v
0x000 DPR Control Register
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7.2.1 Status and control registers

Address | Use Symbolic Constant Read Only
0x000 DPR Control Register roCONTROL

0x001 DPR Status Register roSTATUS

0x002 Axis Mix roAXIS_MIX v
0x003 Digital 1/0 Mix roNUM_DIO v
0x004 Analog 1/0 Mix roNUM_AIO v
0x005 Build ID roBUILD v
0x006 2ms Timer Tick roTIMER_TICK v
0x007 Reserved

0x008 Reserved

0x009 Reserved

0x00A Reserved

0x00B Axis Configurations (0-7 ) roAXIS_CF v
0x00C Axis Configurations (8-11) n/a v
0x00D 1ms Timer Tick rolMS_TIMER v
0x00F Reserved n/a v

DPR Control Register

Bit Meaning Symbolic Constant
0 Lock DPR contents btLOCK
1 Lock axis 0 DPR contents btLOCK_AXIS_0
2 Lock axis 1 DPR contents btLOCK_AXIS_1
3 Lock axis 2 DPR contents btLOCK_AXIS_2
4 Lock axis 3 DPR contents btLOCK_AXIS_3
5 Lock axis 4 DPR contents btLOCK_AXIS 4
6 Lock axis 5 DPR contents btLOCK_AXIS_5
7 Lock axis 6 DPR contents btLOCK_AXIS_6
8 Lock axis 7 DPR contents btLOCK_AXIS_7
9 Lock axis 8 DPR contents btLOCK_AXIS_8
10 Lock axis 9 DPR contents btLOCK_AXIS_9
11 Lock axis 10 DPR contents btLOCK_AXIS_10
12 Lock axis 11 DPR contents btLOCK_AXIS_11
13-16 Reserved
17 Lock 10 data btLOCK_10
18 Lock auxiliary axes btLOCK_AUX_AXES
19-31 Reserved
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DPR Status Register

Bit Meaning Symbolic Constant
0 DPR Contents locked if 1 btLOCKED
1 DPR contents invalid if 0 btVALID
2-15 Reserved

Axis Mix

This specifies the number and types of axes available on the NextMove variant:
= Low-Byte - Number of stepper axes

= High-Byte - Number of servo axes

Digital 1/0 Mix

This specifies the number of digital inputs and outputs available on the NextMove variant:
= Low-Byte - Number of digital outputs

= High-Byte - Number of digital inputs

Analog 1/0 Mix

This specifies the number of analog inputs and outputs available on the NextMove variant:
= Low-Byte - Number of analogue outputs

= High-Byte - Number of analogue inputs

MML Build ID

The build identifier of the Mint Motion Library running on the controller. To return the build number call
getAAABuUIild.

2ms Timer Tick

This is a free running 16-bit counter that is updated by NextMove once every 2ms and can be used to
synchronize data with the DPR.

Axis Configurations
This gives the current configuration of each axis in 4 bits.
Address 0x0B

Bits 31-28 27-24 23-20 19-16 15-12 11-8 7-4 3-0

Axis No. | Axis 7 Axis 6 Axis 5 Axis 4 Axis 3 Axis 2 Axis 1 Axis 0
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Address 0x0C
Bits 31-28 27-24 23-20 19-16 15-12 11-8 7-4 3-0

Axis No. - - - - Axis 11 Axis 10 Axis 9 Axis 8

1ms Timer Tick

The 1ms Timer Tick is a 32-bit incrementing counter that indicates that NextMove is running. The counter
increments by 1 every 1ms.

7.2.2 Axis data

The axis data area is divided into 12 sections, four for the main board axes and four for the expansion
board axes. The base address for each axis is listed below:

Address Use Symbolic Constant
0x010 Axis 0 roAXIS_0
0x030 Axis 1 roAXIS_1
0x050 Axis 2 roAXIS_2
0x070 Axis 3 roAXIS_3
0x090 Axis 4 roAXIS_4
0x0A0 Axis 5 roAXIS_5
0x0CO Axis 6 roAXIS_6
0x0E0 Axis 7 roAXIS_7
0x400 Axis 8 roAXIS_8
0x420 Axis 9 roAXIS_9
0x440 Axis 10 roAXIS_10
0x460 Axis 11 roAXIS_11

Each group contains the following data.

Offset Use Symbolic Constant Data Size
0x00 Measured Position roPOSITION float
0x01 Reserved

0x02 Measured Velocity roMEASURED_SPEED float
0x03 Reserved

0x04 Speed* roDEMAND_SPEED float
0x05 Reserved

0x06 Mode of motion roMODE_OF_MOTION int 32
0x07 Reserved

0x08 Axis error roMOTION_ERROR int 32
0x09 Following Error roFOLLOWING_ERROR float
0x0A Reserved
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Offset Use Symbolic Constant Data Size
0x0B Kprop* roP_GAIN float
0x0C Reserved

0x0D Kvel* roV_GAIN float
0x0E Reserved

0xO0F KvelFF* roFF_GAIN float
0x10 Reserved

0x11 Kderiv* roD_GAIN float
0x12 Reserved

0x13 Kint* rol_GAIN float
0x14 Reserved

0x15 KintLimit(%)* rol_RANGE float
Ox16 Reserved

0x17 Next Mode of motion roNEXT_MODE int 32
0x18 Reserved

0x19 DAC value roDAC_VALUE int 16
Ox1A Free Spaces in buffer roFREE_SPACES int 16
0x1B Move buffer ID roMOVE_ID int 16
0x1C Demand Position roDEMAND_POS float
0x1D Reserved

O0x1E Demand Velocity roDEMAND_VEL float
Ox1F Reserved

*These locations are only written when they change. All other data is written every 2ms.

7.2.3 1/0O data

Address Use Symbolic Constant Data Size
0x110 Analog 0 roANALOG_0 int 16
0x111 Analog 1 roANALOG_1 int 16
0x112 Analog 2 roANALOG_2 int 16
0x113 Analog 3 roANALOG_3 int 16
0x114 Expansion Analog 4 roANALOG_4 int 16
0x115 Expansion Analog 5 roANALOG_5 int 16
0x116 Expansion Analog 6 roANALOG_6 int 16
0x117 Expansion Analog 7 roANALOG 7 int 16
0x118 Base Digital inputs roINPUTS int 32
0x119 Reserved

0x11A Base Digital Outputs roOUTPUTS int 16
0x11B Stop / Error bits roMG_STATUS int 16
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7.24

Address Use Symbolic Constant Data Size
0x1l1cC Reserved

0x11D Auxiliary Encoder 0 roAUXENC_0_POS float
0x11E Reserved

0x11F Auxiliary Encoder 0 vel roAUXENC_0_VEL float
0x120 Reserved

0x121 Auxiliary Encoder 1 roAUXENC_1_POS float
0x122 Auxiliary Encoder 1 vel roAUXENC_1_VEL float
0x123 Auxiliary Encoder 2 roAUXENC_2_POS float
0x124 Auxiliary Encoder 2 vel roAUXENC_2_ VEL float
0x125 Expansion 1 Digital Inputs roEXP1_INPUTS int 32
0x126 Expansion 1 Digital Outputs | roEXP1_OUTPUTS int 32
0x127 Expansion 2 Digital Inputs roEXP2_INPUTS int 32
0x128 Expansion 2 Digital Outputs roEXP2_OUTPUTS int 32
0x129 Reserved

0x12A Reserved

0x12B Reserved

0xl2cC Reserved

0x12D Reserved

0x12E Reserved

0x12F Reserved

All data is written every 2ms.

Comms array

The Comms array simulates protected Comms communications on serial based controllers. It uses an

area of DPR from address 0x1D6 to 0x29A.

Address Comms Location
0x1D6 location 1

0x1D8 location 2

0x1DA location 3

0x298 location 98
0x29A location 99

Each location is a float value. Comms is accessed using the COMMS keyword in MintMT or the

GetComms () / SetComms () functions.
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7.2.5 Immediate command mode interface

This area is reserved for immediate command mode (ICM) function calls.

7.2.6 Pseudo serial interface

The serial interface works by implementing a 64 word circular buffer within DPR. There is one such buffer
for the receive buffer and one for the transmit buffer. Head and tail pointers allow both sides of DPR to
check the status of the buffers. The serial interface occupies DPR locations 0x150 to 0x1D5 in the
following configuration:

0x85

Txd Buffer
0x46
Txd Reserved 0x45
Txd Tail 0x44
Txd Head 0x43
0x42

Rxd Buffer
0x03
Rxd Reserved 0x02
Rxd Tail 0x01
Rxd Head 0x00

The buffer itself has two sets of symbolic constants, depending on which side, NextMove or host, is using

them.
Offset Symbolic Constant - Host Symbolic Constant - NextMove
0x00 of TXD_HEAD ofNM_RXD_HEAD
0x01 of TXD_TAIL ofNM_RXD_TAIL
0x03 of TXD_BUFFER ofNM_RXD_BUFFER
0x43 ofRXD_HEAD ofNM_TXD_HEAD
0x44 ofRXD_TAIL ofNM_TXD_TAIL
0x46 ofRXD_BUFFER ofNM_TXD_BUFFER

The start of the serial 1/0 buffer has a symbolic constant of of SERIAL_IO_BASE.

7-8 NextMove PCI DPR Map



7.2.7 Special functions registers

Address Use Symbolic Constant
0x3F8 ICM Handshaking rolCM_HANDSHAKE
0x3F9 Data associated with events roINTERRUPT_DATA_1
0x3FA Data associated with events roINTERRUPT_DATA 2
0x3FB Application Code Register roAPPLICATION_CODE
0x3FC Functionality Code Register roFUNCTION_CODE
0x3FD Scratchpad Register roSCRATCH_PAD

The way in which DPR is used may vary from application to application. All applications should use the
registers detailed in this document in the same way. This will allow host resident code to determine
whether it recognizes the application and the protocol used for communication. There is no hardware
restriction upon those locations that may be read or written from either side. Both NextMove and the host
have full read and write access to all locations.

Application Code Register (3FB)

This register identifies the software running on NextMove. The host may use this to determine how to
communicate with the software or better interpret the bits within the Functionality Code Register. Each
application program should have a unique identifier. Of the 65536 possible codes, the first half are
reserved. Codes 32768 to 65535 may be used to identify user programs. Application programs may
prime this register after initialization. It is recommended that the host does not write to this location. For an
embedded application the MML will write a value of 7 to this location.

Code Description Of Program Symbolic Constant
0 Unidentified program or no program running apNONE

1 Loader running apLOADER

2 Immediate Command Mode supported apFRONT

3 NextMove test program running apNM_TEST

4 Mint for NextMove apNM_MINT

5 Mint for NextMove (with ICM interface) apFRONT_MINT

6 Reserved

7 Mint Motion Library (embedded) apEMBEDDED_APP
8 MintMT apMINT_MT

9+ Reserved

Functionality Code Register (3FC)

This register describes the capabilities of the software running on NextMove. The register may be used by
a host to determine how it should communicate with the software, what data is stored in DPR, etc. The
register contains a series of bits each of which indicate whether a specific feature is supported. The table
below describes the current list of standard application capabilities. It is expected that this list will grow
over time. Application programs should set the relevant bits in this register after all other initialization. It is
recommended that the host does not write to this location.
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Bit Description Of Feature Symbolic Constant
0 Loader communication protocol fcLOADER_COMMS
1 MML update of locations 0x000 to 0x012F fcAUTO_UPDATE
2 ICM communication protocol fcFRONT_COMMS
3 Pseudo Serial Port Buffer fcSERIAL_PORT
4 Mint interpretation of serial buffer fcCOMMS_ON
communications (Comms Protocol)
5 Mint running fcMINT_RUNNING
6-15 Reserved

Scratchpad Register (3FD)

This register is a general purpose register used only by the host. It is only written to by the Loader
immediately after reset when it is cleared to zero. It may be used by the host to determine that a
NextMove may be installed on the bus. As NextMove will not write to this location the host can write codes
and read them back in the knowledge that they should not have changed. After use by the PC host, the
scratchpad should be returned to the value it originally contained. It is recommended that NextMove
application programs do not write to this register.
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8.1

Function Call Enumerations

Enumerations

If an API call fails, an entry will be added to the error. The function enumeration of the call that failed will

be displayed. The following list shows the function enumerations.

AAABuUI | d

Abor t

Abor t Mode

Accel

Accel Ti ne

Act i veRS485Node
ADC

ADCEr r or

ADCETr r or Mode
ADCMax

ADCM n

ADCMbde

ADCMoni t or
AsyncError
AsyncError Present
AuxDAC
AuxEncoder
AuxEncoder Mode
AuxEncoder Scal e
AuxEncoder Vel
AuxEncoder W ap
AuxEncoder ZLat ch
Axi sChannel

Axi sError

Axi sMode

Axi sSt at us

Axi sWar ni ng

Axi s\War ni nghi sabl e
Backl ash

Backl ashl nt erval
Backl ashMbde
Boost

Cam

CamAnpl i t ude
Canend

Caml ndex
CanPhase

0

~N o B~ WN PP

11
12
14
15
16
17
25
26
32
33
34
35
37
38
42
43
44
45
46
47
48
49
50
51
55
59
60
61
62
63
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CanPhaseSt at us 64

CanSegnent 65
Canfst ar t 66
Canfrabl e 67
BusBaud 68
BusReset 69
BusSt at e 70
Cancel 71
Cancel Al | 72
BusEvent 73
BusEvent I nfo 74
Capture 75
Capt ur eAxi s 76
Capt ur eEvent 79
Capt ur eEvent Axi s 80
Capt ur eEvent Del ay 81
Capt urel nfo 83
Capt ur el nterval 84
Capt ur eMode 85
Capt ur eNunPoi nt s 86
Capt ur ePeri od 87
Channel Type 88
CircleA 89
CircleR 90
Cs 91
CommsRenot e 92
Conmms Mode 93
Conpar elLat ch 94
Conpar eMode 95
Conmpar ePos 96
Config 97
Connect 98
Connect | nfo 99
Connect St at us 100
Cont our Mode 101
DAC 109
DACLi mi t Max 110
DACMbde 111
DACMoni t or Axi s 112
DACMoni t or Gai n 113
DACMoni t or Mode 114
DACO f set 117
DACRanp 118
Decel 122
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Decel Ti me

Def aul t

Def aul t Al |
DPREvent

DPRFI oat
DPRLong
DriveEnabl e

Dr i veEnabl eCut put
Encoder

Encoder Mbde
Encoder PreScal e
Encoder Scal e
Encoder Vel
Encoder W ap

Encoder ZAct i velLevel

Encoder ZLat ch
Er r or Decel
Errorl nput

Er r or | nput Mode
Er r or Mask

Event Acti ve
Event Di sabl e
Event Pendi ng
Fast AuxEnabl e
Fast AuxEncoder
Fast AuxLat ch
Fast AuxLat chMbde
Fast AuxSel ect
Fast Enabl e

Fast Encoder

Fast Lat ch

Fast Lat chMbde
Fast Pos

Fast Sel ect
Feedrate

Feedr at eMbde
Feedr at eOverri de
Fly

Fol Error

Fol Error Fat al
Fol Err or Mode
Fol Error Var ni ng
Fol | ow

Fol | owivbde

123
125
126
129
130
131
140
142
156
157
158
159
160
161
162
163
164
165
166
167
181
182
183
187
188
189
190
191
192
193
194
195
196
198
201
202
203
205
206
207
208
209
210
212
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Freq 213

Geari ng 214
Gear i nghbode 215
d obal Error Qut put 217
o 218
G oup 219
G oupComs 220
Groupl nfo 221
G oupMast er 222
G oupMast er St at us 223
GroupSt at us 224
Honme 227
HonmeBackof f 228
Honmel nput 229
HonePos 231
HonmeSpeed 232
HomeSwi t ch 233
HTA 237
HTAChannel 238
HTADanpi ng 239
HTADeadBand 240
HTAFi | ter 241
HTAKI nt 242
HTAKPr op 243
Idle 244
| dl ePos 245
I dl eVel 246
| Mask 247
In 248
I ncA 249
I ncR 250
InitError 251
| nput Acti veLevel 252
| nput Mode 253
| nput NegTr i gger 254
| nput PosTri gger 255
InState 256
I nSt at exX 257
I nX 260
Jog 261
KAccel 270
KDer i v 271
Kl nt 277
Kl ntLi mt 278
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Kl nt Mode

KPr op

KVel

KVel FF

LED

LEDDI spl ay
LifeTi me

Limt

Li m t Forward

Li m t Forwar dl nput
Li mi t Mode

Li m t Reverse

Li m t Rever sel nput
Locat eCur sor
LoopTi ne

Mast er Channel
Mast er Di st ance
Mast er Sour ce
MaxSpeed

M scError

M scError D sabl e
MoveA

MoveBuf f er Free
MoveBuf ferl D
MoveBuf f er | DLast
MoveBuf f er Low
MoveBuf fer Si ze
MoveBuf f er St at us
MoveR

MovesSt at us

Node

NodeLi ve
NodeScan
NodeType

Nunber O

NVFI oat

NVLong

O fset

O fsetDi stance
O f set Mode

O fset Status

Qut

Qut put Acti veLevel
Qut X

279
281
284
285
290
291
292
293
294
295
296
297
298
301
302
303
304
305
306
308
309
337
339
340
341
342
343
344
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
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Pl atform

Pos

PosDenmand
PosRenai ni ng
PosTar get

Pr eci si onl ncr ement
Preci si onMbde
Preci si onOf f set
Preci si onTabl e
ProfileTime
PWVONTi me

PWWPer i od
ReadKey

Rel ay

Renot eADC

Renpt eADCDel t a
Renpt eBaud

Renot eDAC

Renpt eDebounce
Renot eESt op
Renot el n

Renot el nput Acti veLevel
Renot el nX

Renpt eMbde

Renpt eNode

Renot eObj ect
Renot eQut

Renot eQut put Acti veLevel
Renot eQut put Err or
Renot eQut X

Renot eReset

Renot eSt at us
Reset

Reset Al |

Scal eFact or

Seri al Baud

Sof t Li m t Forwar d
Sof t Li m t Mbde
Sof t Li m t Rever se
Speed

Spline

Spl i neEnd

Spl i nel ndex
SplineStart

369
373
374
375
376
378
379
380
381
384
386
387
388
389
390
391
392
393
394
396
397
398
399
400
401
402
405
406
407
408
409
411
412
413
417
419
422
423
424
426
441
442
443
444
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Spl i neSuspendTi ne
SplineTabl e
SplineTi e
SRamp

St epper |1 O

St op

St opl nput

St opl nput Mbde
StopSwi tch
Suspend

Syst enSeconds
Ter m nal Addr ess
Ter m nal Devi ce
Ter m nal Mbde
Ter m nal Port

Ti me

Ti mer Event

Tor que

User Mbti on

Vel

Vel Dermand

Vel Error

Vel Fat al

Vel Fat al Mode

| CMChannel
FactoryDefaul ts
Capt ur eBuf fer Si ze
MaxAccel
MaxDecel

Ter m nal Fl ush
Vect or A
VectorR

Spl i neSegnent
Wi t

Capt ur eModePar anet er
OkToLoadMove
Cont our Angl e
HonePhase
HoneSt at us
Event Por t
ComsMul ti pl eRenot e
Pul seCount er

Tri gger Mode

| nput Debounce

445
446
447
448
449
450
451
452
453
454
457
459
460
461
462
463
464
466
477
478
479
480
481
482
488
489
500
501
502
504
505
506
517
523
540
556
562
581
582
583
629
630
631
632
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AuxEncoder PreScal e 637

HSSTi mi ng 654
Accel Jerk 675
Accel Jer kTi e 676
Decel Jerk 677
Decel Jer kTi ne 678
Prof i | eMode 679
Cons 683
CommsMul ti pl e 684
Axi sVel Encoder 694
Print 716
St epper Del ay 724
Hel i xA 726
Hel i xR 727
PosRol | over 728
Mul ti pl el nt er pol at edMbves 729
MoveDwel | 735
Pul seCQut X 736
MovePul seCut X 737
MoveQut X 738
MoveQut 739
Renot el nhi bit Ti me 740
ErrorLogString 741
Bl end 742
Bl endDi st ance 743
Bl endvbde 744
Capt urebDuration 745
PhaseSear chl nput 746
PhaseSear chCur r ent 747
Accel Sensor Vel Err or Fat al 748
Accel SensorFil terFreq 749
Accel Sensor O f set 750
Accel Sensor Scal e 751
Accel Sensor Vel Error 752
Accel Sensor Mode 753
Accel Sensor Type 754
Conpar eQut put 755
Fast Sour ce 756
Conpar eEnabl e 757
Er aseLi ne 758
BusCommandTel egr am 759
BusRecei veTel egram 760
BusPr ocessDat al nTel egr am 761
BusPr ocessDat aQut Tel egr am 762
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BusTel egr anDi agnosti cs

BusTel egr anDi agnosti cStrings

Cont our Par anet er
SpeedFi | t er Dept h
Renot eEner gencyMessage
Renot eErr or

TorqueFi | ter Type
TorqueFilterFreq

Tor queFi | t er Band
TorqueFi | ter Dept h
Modul eNane

I dl eTi nme
SpeedDenmandFi | t er Type
SpeedDenandFi | t er Freq
Renot el nBank

Renpt eCut Bank
MPGCount

Mot or Di r ect i onQut put
Cur r ent Sensor Mode
Conmpar eSour ce

Bus CommandMask

Mot or Br ake

Mot or Br akeDel ay

Mot or Br akeCut put
Conmms MapMode
ComrsMapPar anet er
ComsMapl nf o
CommsMaplLi st

Fast Lat chDi st ance
Renot ePDO n

Renot ePDOCut

Kni f eMbde

Kni f eMast er Axi s

Kni f eSt at us

Mot or Br akeMbde

Tri gger Val ue
CanBoxDat a

CanBox

I dl eSettlingTine

| dl eMode

Kni fe

Capt ur ePoi nt

Capt ur eChannel Upl oad
Di agnosti cl ndexedStri ng

763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
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Redi rect API Cal | 807

Execut eAPI Cal | 808
Pr oduct Seri al Nunber 809
Pr oduct Cat al ogNunber 810
| DCTPar anet er 811
DriveTest Mode 812
PosScal eFact or 813
Vel Scal eFact or 814
Accel Scal eFact or 815
Control Rate 816
Cont r ol Ref Sour ce 817
Tuni ngTest Schedul e 818
Vel Ref 819
API Definition 820
APl Ar gurent Def i ni tion 821
Mot or Type 822
LoadFriction 823
LoadOr f set 824
PhaseSear chQut put 825
PhaseSear chSwi t ch 826
PosScal eUni ts 827
Vel Scal eUnits 828
Accel Scal eUnits 829
Fl ashFi | eHandl e 830
Fl ashFi | eDat a 831
Fl ashFi | eRel easeHandl e 832
Fast AuxLat chDi st ance 833
Par antTabl eVal ue 834
Par antTabl eFami | yNane 835
bj ectDictionaryEntry 836
For ceAbort 837
AppDat aFr eeAddr ess 838
AppDat aCbj ect I nfo 839
Term nal Val i d 840
PDODat aEl enent s 841
PDODat al ndi cesl n 842
PDODat al ndi cesQut 843
Axi sPosEncoder 844
Ext Kni f eEvent Handl er 845
Encoder Speed 846
PosRol | over Tar get 847
Feedr at ePar anet er 848
PosTar get Last 849
PosW ap 850
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JogAway

JogAway Of f set
MoveCorrection

PosRol | over Tar get Last
PosRol | over Denmand
Systentt at e

Di agnosti cl ndexedPar anet er
Moni t or Par anet er

Cont ourRati o

Fi | eHandl e

Fi | eC ose

Fi | eDat a

Fil eDel ete

Fil eSystemDetail s

Fil eSystenEntry

Fil eSize

Pr oduct Power Cycl es
Renpt eObj ect String
Encoder Qut ZCount

KI Ti me

Axi sDAC

Axi sPDQut put

Serial Parity

Qper at i nghvbde
PrechargeRati o

Rel ayQut

Rel ayQut X

BusPr ocessDat al nDat at ype
BusPr ocessDat aCut Dat at ype
MACAddr ess

Commsl nt eger

Bus AppObj ect For PDO
BusCorms bj ect For PDO
BusPDOConf i g
BusPDOCont ent

I nt ernal Functionl

I nt er nal Functi on2
BusNode

Encoder Type

Encoder Resol uti on
Encoder Cycl eSi ze
Encoder St at us
AbsEncoder Tur ns
DriveTest Par anet er

851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
886
888
889
890
891
892
893
894
895
896
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Capt ur eTri gger Channel 897

Capt ur eTri gger Absol ute 898
Capt ur eTri gger Val ue 899
Capt ureTri gger Type 900
Capt ur eTri gger 901
Capt urePreTri ggerDuration 902
Capt ur eProgress 903
Anal ogl nput Set up 904
Anal ogQut put Set up 905
Di gi t al | nput BankSet up 906
Di gi t al Qut put BankSet up 907
Rel ayQut put BankSet up 908
Encoder Set up 909
MappedDevi ce 910
Renot eNunmber O 911
Capt ur eTri gger Mode 912
Capt ur eTri gger Sour ce 913
Par anTTabl eMbde 914
APl Ar gunent Val ues 915
St epper 916
BusPr ocessDCF 917
AuxEncoder Rol | over 918
BusCycl eTi me 919

8.2 System Error Codes

er SUCCESS 0 /* no error */
er MML_ERROR 1 /* syncronous MWL error */
er | NVALI D_AXI S 2 /* axis specified out of range */
er VALUE_OUT_OF_RANGE 3 /* data specified out of range */
er | NVALI D_CHANNEL 4 |* adc / dac channel out of range */
er NO_| NPUT_SPECI FI ED 5 /* op on home/limt etc with no i/p */
er NO_QUTPUT_SPECI FI ED 6 /* op on enable output with no o/p */
er | NVALI D_I NPUT 7 [/* digital input out of range */
er | NVALI D_OUTPUT 8 /* digital output out of range */
er OUT_OF_MEMORY 9 /* not enough heap for operation */
er MOTI ON_| N_PROGRESS 10 /* action deni ed when axis in notion */
er AXI'S_NOT_RI GHT_TYPE 11 /* action denied when in wong config */
er MOTI ON_ERROR 12 /* general motion (async) error */
er TABLE_ERROR 13 /* Bad Spline or camtable info */
er CAN_ERROR 14 /* Unable to initialise the CAN bus */
er CHANNEL_NOT_RI GHT 15 /* Channel incorrectly configured */
er DPR_TI MEQUT 16 /* DPR tineout */
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er WRONG_PLATFORM

er DB_ERRCOR

er SERI AL_ERROR

er WRONG_NODE_TYPE

er CAN_TI MEQUT

er NODE_NOT_LI VE

er TYPE_NOT_SUPPORTED
er | NVALI D_HARDWARE

er CMS_DATABASE _FULL
er | NVALI D_NCDE_| D

er REMOTE_EE_FAI L

er | NVALI D_REMOTE_BAUD
er REMOTE_SYNC_ERROR
er REMOTE_ESTOP_ACTI VE
er | NVALI D_BUS_NUMBER
er NO_FREE_CAN_OBJECTS

er CAN_BUS_OFF

er CAN_TX_BUFFER_FULL

er TERM NAL_UNAVAI LABLE
er TERM NAL_QUT_OF RANGE
er NON_VOLATI LE_MEMORY_ERROR
er TERM NAL_BUFFER_EMPTY
er TERM NAL_BUFFER_FULL
er DRI VE_DI SABLED

er NO_CONNECTI ON

er CAN_PROTOCOL_ ERROR

er | NVALI D_LOCAL_NODE

er NOT_NETWORK_MASTER

er COWS_READ _ONLY

er COWS_RESERVED_EL ENENT
er OUTPUT_FAULT

er DSP_FAI LED TO CLEAR ERROR
er OFFSET_PROFI LE_ERROR
er FLASH_PROGRAMM NG

er ADDRESS_QUT_OF_RANGE

er CRC_CHECKSUM_ERROR

er FLASH_BEI NG_PROGRAMVED
erFI LE_TOO BI G

er CAN_| NVALI D_OBJECT

er CAN_RESERVED OBJECT

er CAN_I NVALI D_CHANNEL

er CAN_VALUE_OUT_OF RANGE
er MOVE_BUFFER_FULL

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Not available on this controller
Initialise daughter board failed
Probl em wi th RS232 or RS485 port.
node referenced not expected type
Failed to receive reply in tine
node is not LIVE

type of node not supported

Har dwar e not present

All
CAN node nunber out of range
Problemwiting to EEPROM on node
Node doesn't support baud rate
Node reported a synchronous error
Node in ESTOP condition

CAN bus nunber was out of range.

*/
*/
*/
*/
*/
*/
*/
*/

CMS COBI Ds have been all ocated */

*/
*/
*/
*/
*/
*/

There were no free nessage objects left */

in the CAN controller.

The CAN controller is bus off.
The CAN transmit buffer was full.
No term nal device

Port value is out of range

Probl ens with non-vol atile nenory
Term nal Buffer is enpty

Termnal Buffer is full

Drive is not enabled

No Connection Exists

CAN Protocol Error
Local CAN node not correct.

Must be nmaster of network

COWS el ement is read only.

COWES reserved el ement

Fault on the digital outputs.

DSP Failed to clear the error.
The O fset cannot be Profiled
Error programm ng Fl ash

Error addressing Fl ash

Error in received Checksum
Command i nvalid when Flash in use
File too big for avail able nenory
I nvalid CAN obj ect

Reserved CAN obj ect

CAN node channel out of range
Dat a specified out of range

Move buffer is full

*/
*/
*/
*/
*/

*/
*/
*/
*/

During Comuni cation.*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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er | CM ARRAY_ERRCR 60
er | CM TOO MANY ARRAYS 61
er | OM_DATA_TI MEQUT 62
er | CM BLOCK_TCO BI G 63
er | CM_TX_S| ZE_M SMATCH 64
er | CM_RETURN_TI MEOUT 65
er MVL_NOT_SUPPORTED 66
er | N\VALI D_PO NTER 67
er | NVALI D_MODE 68
er DEBUG_DI SABLED 69
er | N\VALI D_MASTER CHANNEL 70
er ALL_AXES _MJST_BE_CFF 71
er | N\VALI D_AXI SMODE 72
er DOWNLOAD_TI MEQUT 73
er CAPTURE_| N_PROGRESS 74
er | N\VALI D_NUM CAP_PTS 75
er | N\VALI D_BBP_TRANS_NO 76
er | N\VALI D_BBP_FI ELD_LENGTH 77
er BBP_DATA OUT_OF RANGE 78
er BBP_DATA OUT_OF BOUNDS 79
er BBP_FAULT_PREVENTS_EXEC 80
er BBP_MODE_PREVENTS_EXEC 81
er BBP_BLOCK_NOT_ACCEPTED 82
er BBP_END_OF_BLOCK_REACHED 83
er UNKNOWN_BBP_ERROR 84
er DRI VE_TI MEQUT 85
er BBP_OVERFLOW 86
er | N\VALI D_BBP_PACKET_SI ZE_ RXD 87
er | N\VALI D_BBP_TRANSACTI ON_RXD 88
er CHANNEL_| N_USE 89
er DRI VE_ENABLED 90
er | N\VALI D_DRI VE_PARAM 91
er BBP_TRANSACTI ON_| N_PROGRESS 92
er NO_BBP_TRANSACTI ON_REQUESTED 93
er | OM DI SABLED 94
er OUTPUT | N_USE 95
er CAPTURE_CHANNEL_M X 96
er ALL_CONTROL_AXES_| N_USE 97
er | N\VALI D_VAR TYPE 98
er CAN_CONFI RVED_BUSY 99
er FI LE_PROTECTED 100

er REMOTE_DOWNLOAD_| N_PROGRESS 101

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

error
error

| CM pr ot ocol
| CM pr ot ocol
| CM Ti neout
| CM pr ot ocol
| CM pr ot ocol
| CM Ti neout
MW does not support this function
addresses area outsi de nenory
invalid error action node

Debug keywords are disabl ed

Mast er Channel invalid for Axis.
Al'l Axes nust be configured Of.
Move not allowed in this node.

Ti meout during File Downl oad
Capture in progress during upload
I nvalid nunber of capture points
BBP Transaction No. not supported
BBP Transaction has wong |ength
BBP Transaction data invalid

BBP Transaction data nodified

BBP Transaction can't be executed
BBP Transaction can't be executed
BBP Bl ock transfer not accepted
BBP End of bl ock reached

Unknown BBP error code

BBP Transaction ti nmed-out

BBP Transaction Rx overflow

BBP Transaction Rxd size too big
Invalid BBP Transaction Rxd

Har dwar e channe
Drive is enabl ed.
Invalid Drive Paranmeter No

A BBP transaction is executing.
No BBP transaction requested.
ICMis disabled on this channe
Qutput is already in use.
Invalid cpature channe
Al controllable axes in use
Invalid variable type for
A confirned service is already in
progr ess.

Mnt File is Protected

A Mnt file is currently being
downl oaded to a renote node.

error
error

required is in use

m x.

Renot eObj ect .

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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er BBP_REQUEST_TI MEOUT
er PARAVETER ACCESS_CONFLI CT
er CAN_ALREADY_CONNECTED

er REMOTE_DRI VE_DI SABLED
er REMOTE_DRI VE_FAULT

er REMOTE_STATE._| NCORRECT
er REMOTE_DRI VE_MOVE_FAI LED

er | NCOVPATI BLE_SETTI NGS
er DSP_COWMVB

er AUTOTUNE_FAI LURE

er READ_ONLY

er| CM_DLL_ERRORS

er | CM DLL_MESSAGE_| D_M SMATCH

er | CM_TL_HOST_RETRANSM TS
er | CM_TL_TRANSM T_REQUESTS
er| CM_TL_BUSY

er| CM_TL_NO_OF_PACKETS

er | CM_TL_GROUP_MESSAGE_I D
er | CM_TL_GROUP_SEQUENCE

er EEPROM_ACCESS

er | NI TI ALl SATI ON_FAI LURE
er | NVALI D_ALLOCATI ON_TABLE
er OBJECT_NOT_FOUND

er M NT_PROGRAM_RUNNI NG

er | NVALI D_M NT_COMVAND

er | NVALI D_TERM NAL_PORT

er | NVALI D_TERM NAL_DEVI CE
er | NVALI D_TERM NAL_ADDRESS
er UNDEFI NED_TERM NAL

er SI NGLE_TERM NAL_ONLY

er | CM_HOST_BUSY

er | NVALI D_PLATFORM_CODE

er | NVALI D_| MAGE_FORVAT_CODE
er AXI S_NOT_COW SS| ONED

er FEEDBACK_NOT_RESPONDI NG
er FEEDBACK_MESSAGE_CORRUPT

er FEEDBACK_COWVB_BUSY

er FEEDBACK_ERROR

er CAN_| NVALI D_SUBI NDEX

er CAN_| NVALI D_OBJECT _ACCESS

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
128
129
130
131
132
133
134
135
136
137

138
139
140
141

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Ti meout on BBP request.

Two devi ces updating same paraneter
CANopen node is already connected to
anot her node.

The renmote drive is disabled (CANopen).
The renmote drive is in fault node

( CANopen) .

Transaction aborted due to
The renote drive failed to
new nove ( CANopen).

I nconpatible with previous settings

I nter-processor conmuni cations error
Aut ot uni ng operation failed

Paraneter is read only

Errors in the Rxd DLL SO tel egram

DLL SO telegramid doesn't match

Too many host retransmit requests

Too many transmt requests - tined-out

nodes state.
accept the

TL is busy - still processing command
Invalid No of packets specified
Group nessage id msmatch

Group nessage packet No out of sequence
Error accessi ng EEPROM devi ce

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

A failure occurred during initialisation*/

Invalid object allocation table
Application data object not found

A Mnt programis already running

The M nt conmmand is invalid

Port type for terminal is not valid
Device for termnal is not valid
Address type for terminal is not valid
Terminal is not defined

A single termnal is required

The host is not ready for the ICMreply
The image files platformis invalid

The image files format is invalid

The axis/drive is not conmi ssioned
Feedback device comms is not responding
Feedback device coms nessage is
corrupt

Feedback device comms is busy

Feedback device has error

Invalid sublndex for CAN object

Invalid access to a CAN obj ect

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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er MOVE_BUFFER_NOT_EMPTY

er | NCOVPATI BLE_CONTROL_MODE
er VARl ABLE_NOT_FOUND

er | NVALI D_STATI C_HANDLE

er | NVALI D_STATI C_CHUNK

er STATI C_DATA_OVERRUN

er STATI C_DATA_UNDERRUN

er | NCORRECT_REF_SOURCE

er FEEDBACK_DATUM ERROR
er PHASE_SEARCH_RUNNI NG

er FEEDBACK_MOTOR_DATA_ERRCR
er FI ELDVMARSHAL_EEPROM ACCESS
er FI ELDBUS | NI T_ERROR

er PARAVETER TABLE_VERSI ON

er PARAVETER TABLE_PLATFORM
er PARAVETER TABLE_DOWNLOAD
er CANNOT_CONTOUR_AND_BLEND
er PARAVETER_TABLE_| NDEX

er TRANSFER | N_PROGRESS

er TRANSFER _NOT_READY

er KNI FE_HANDLER NOT_I NSTALLED

er KNI FE_AXES_NOT_CONFI GURED
er CAN_MESSAGE_COBI D_DI SABLED
er CAN_MVESSAGE_NMT_DI SABLED

er KNI FE_ROTATI ON_OUT_OF_RANGE
er TOO_ MANY_TASKS

er NO_DATA STORED

er DATA_STORED

er EVENT_HANDLER ALREADY_| NSTALLED

er TEST_TI MEQUT
er TEST_OVERTRAVEL
er TEST_COVMUTATI ON_I NCORRECT

er COULD_NOT_OPEN_FLASH DRI VER

er | N\VALI D_FLASH_FI LE_HANDLE
er CAN_SDO_ABORT

er EPL_SDO_ABORT

er EPL_UNKNOAN_ERROR

er FI LE_HANDLE_| NVALI D

er FI LE_NOT_FOUND

er FILE_| N_USE

142
143
144
145
146
147
148
149

150
151
152
153
154
155
156
157
158
159
160

161

162
163
164
165
166
167
168
169

171
172
173
174

175
176
177
178
179
180
181

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* Knife rotation out of range */
/* Too many tasks in Mnt program */
/* No data stored to recover */
/* Data al ready stored */
170 /* The event handler is already installed
/* Test has tinmed out */
/* Test has caused overtravel */
/* Commut ation settings incorrect */
/* Could not open the specified file in */
/* the E1's flash filing system */
/* Invalid handle to open El1 flash file */
/* An SDO transaction has been aborted */
/* An SDO transaction has been aborted */
/* Encountered unrecogni zed EPL error code */
/* File handle is not valid */
/* File does not exist */
/* File is in use */

Move buffer is not enpty. */
I nconpati bl e control node. */
Static variable not found. */
Invalid handle for static variable. */
Invalid chunk specified for static. */
Static filled, but data remains. */
Dat a consuned, but static not filled. */
Ref erence source is not Host when trying*/

to set a speed ref using Mnt keyword */
Feedback device is unable to datum se */

Phase search is in progress */
Mot or data stored on encoder is invalid */
Error accessing Fiel dvarshal EEPROM */
Error initialising the Fieldbus card */
Par anet er Tabl e version not supported */

Par aneter Tabl e doesn't match platform */

Can't downl oad Paraneter Table. */
Can't contour and blend at sanme tine. */
Paraneter index is out of sequence */
A paraneter table transfer is already */
in progress */
Drive has not been prepared for */
paraneter table transfer */
Need a KNI FE handl er for knife control */

knife control not set */
disabled in the COB ID */
di sabl ed by the NMI state*/

The axes for
CAN nessage is
CAN nessage is

*/
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er TOO_MANY_FI LES
er FI LE_TYPE_| NCORRECT

er TOO_MANY_FI LES_OPEN

er FI LE_WRI TE_| NVALI D

er FI LE_READ | NVALI D

er FI LE_SECTOR | NVALI D

er RESOURCE_UNAVAI LABLE

er | N\VALI D_OBJECT_| NDEX

er | N\VALI D_OBJECT_SUBI NDEX
er REDI RECT_STATE_ERROR

er REDI RECT_TI MEQUT

er REDI RECT_| NVALI D_DATA
er EPL_TI MEQUT

er AXI'S_NOT_| N_REMOTE_MODE
er SYSTEM ENABLED

er | N\VALI D_POS_ENCODER

er | N\VALI D_VEL_ENCODER

er | N\VALI D_DAC

er | NVALI D_PDOUTPUT

er REDI RECT_| N_PROGRESS

er | NVALI D_OBJECT _ACCESS

er MOTI ON_TYPE_NOT_SUPPORTED

er UNABLE_TO PEND_EVENT

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Attenpting to store too many files */
File has the wrong type */
Too many files open at once */
Problens witing to file in flash */
Probl ens reading fromfile in flash */
Problens with file sector allocation */
Unabl e to assign software resource */

Invalid Cbject Dictionary
Invalid Cbject Dictionary
Encountered a redirecting
A redirect has tinmed out

i ndex */
subi ndex */
APl seq error */

Invalid data rx'ed during redirection */
Failed to receive reply in tinme */
Axis will not accept renmpte commands */
System nust be di sabl ed */

No position encoder
No vel ocity encoder
No DAC has been assigned
No pul se/ direction output
A redirect cal
Invalid Cbject Dictionary

has been assigned */
has been assigned */

*/
has been assigned */

is already in progress */

access */

Move is not supported by rempte profiler*/

Unabl e to pend event

*/

Enumerations 8-17



8-18 Enumerations






BAILDOIR

MOTORS AND DRIVES

Baldor UK Ltd
Mint Motion Centre
6 Bristol Distribution Park
Hawkley Drive, Bristol

BS32 0BF, UK
UK us MX
TEL: +44 1454 850000 TEL: +1 501 646-4711 TEL: +52 47 61 2030
FAX: +44 1454 850001 FAX: +1 501648-5792 FAX: +52 47 61 2010
CH D F
TEL: +41 52 647 4700 TEL: +49 89 90 50 80 TEL: +33 145 10 7902
FAX: +41 52 659 2394 FAX: +49 89 90 50 8491 FAX: +33 145 09 0864
| AU CcC
TEL: +39 11 562 4440 TEL: +61 29674 5455 TEL: +65 744 2572
FAX: +39 11 562 5660 FAX: +61 29674 2495 FAX: +65 747 1708

Printed in UK
© Baldor UK Ltd

8-2 Enumerations




