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Conventions Used in this Guide

Text Formats

Bold Names of GUI objects or commands

BOLD + UPPERCASE ACSPL+ variables and commands

Monospace + grey Codeexanuﬂe

background
Italic Names of other documents
Blue Hyperlink
[] In commands indicates optional item(s)
| In commands indicates either/or items
Flagged Text

Note - includes additional information or programming tips.

Caution - describes a condition that may result in damage to equipment.

Warning - describes a condition that may result in serious bodily injury or death.

Model - highlights a specification, procedure, condition, or statement that
depends on the product model

Advanced - indicates a topic for advanced users.
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Related Documents

Documents listed in the following table provide additional information related to this document.

The most updated version of the documents can be downloaded by authorized users from
www.acsmotioncontrol.com/downloads.

SPiiPlus Command & Variable Describes all of the variables and commands available in the
Reference Guide ACSPL+ programming language.

SPiiPlus MMI Application Explains how to use the SPiiPlus MMI Application Studio and
Studio User Guide associated monitoring tools.

Describes the use of SpiiPlus User Mode Driver, SPiiPlus

SPiiPlus Utilities User Guide Simulator, and UPGRADER EXE,

C Methods, Properties, and Events for Communication with

SPiiPlus C Library Reference Soe CartrellEn

SPiiPlus COM Library COM Methaods, Properties, and Events for Communication
Reference with the Controller.
SPiiPlus .NET Library .NET Methods, Properties, and Events for Communication
Reference with the Controller.
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1. Introduction

1.1 Scope of document

This guide provides guidance in how to configure and adjust SPiiPlus systems to work with
supported types of motors and feedback devices. The guide applies to SPiiPlus stand-alone motion
controllers and modules as well as MC4U Control Modules with NT motion controllers and modules
installed.

The principle application employed for setting up SPiiPlus systems is the SPiiPlus MMI Application
Studio which is supplied with the CD package accompanying all SPiiPlus products.

Setting up the SPiiPlus system basically involves:

>  Establishing communication between the SPiiPlus MMI Application Studio and the
controller.

> Where an EtherCAT network is involved, the SPiiPlus MMI Application Studio System Setup
is employed to configure the network.

> If an MC4U Control Module is employed, the SPiiPlus MMI Application Studio System
Configuration Wizard is used for establishing its configuration.

> After the above have been accomplished, the SPiiPlus MMI Application Studio Adjuster
Wizard tool is employed to establish the nature of the control loops. Various types of
control loops and how they are set up are given.
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2. Getting Started

This chapter provides the basics for setting up a SPiiPlus system.

2.1 SPiiPlus Hardware Connection

Installation and the electrical interface information for specific motion controllers is provided in the
hardware guide associated with the motion controller and includes the following:

> Installation: either standalone or PC-based*

> Power supply connection*

> Communication (with a PC) connection*

> Encoder connection (for closed-loop control) — per axis*

> Direct connection to a servo drive (controller or control module) or to a servo motor
(control module only) - per axis*

> Limit switch connections — per axis

> Emergency stop button connection

> Pulse-direction stepper drive connection — per axis

> Digital I/0 connection .Analog I/0 connection

>  HSSI-network module connections (remote axes and I/0 expansion)

*required

6 A
When an MC4U unit is not supplied bus voltage, a component failure fault will be
reported. The fault is system wide and will prevent all axes from operating unless the
fault is masked or bus voltage is supplied to the power supply. When a component

failure isreported, the affected power supply is identified by its I2C address, access the
System Information Viewer (see SPiiPlus MMI Application Studio User Guide) to
determine the faulty unit.

\_ J

2.2 SPiiPlus Software Installation

All SPiiPlus motion control products use the same software (firmware for controller, high-level
language libraries for host programs, and Windows-based tools for host-based controller setup and
controller program development).

SPiiPlus software can be installed in the following Microsoft® Windows® environments:
>  Windows® Vista SP1and later (32-bit and 64-bit)
>  Windows® 7 (32-bit and 64-bit)
>  Windows® 8 (32-bit and 64-bit)
>  Windows® 10 (32-bit and 64-bit)
>  Windows® Server 2003 (32-bit and 64-bit)
>  Windows® Server 2008 (32-bit and 64-bit)
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>  Windows® Server 2008 R2 (64-bit)

Windows® XP SP2 (64-bit) and Windows® XP SP3 (32-bit) are no longer supported.
E

Each new version of SPiiPlus software is installed in a new folder (with the new version name)
under C:\Program Files\ACS Motion Control\SPiiPlus ADK Suite vx.xx

For SPiiPlus system software previous to v2.30, the file directory is under C:\Program
% Files\ACS Motion Control\SPiiPlusNT Suite x.xx.

2.2.1 SPiiPlus Installation Disk
The SPiiPlus ADK Suite installation CD includes:

Firmware - System-level software that runs on the controller's MPU (motion processing unit). The
version of the firmware is identical to the version of the SPiiPlus CD installation and supplied for
maintenance/backup purposes. Each product is provided by ACS with the most updated firmware
released version (unless otherwise is required).

SPiiPlus MMI Application Studio - Windows-based software tool for configuring, adjusting,
programming and monitoring the motion.

SPiiPlus Simulator - Windows-based controller simulator that runs on the PC without any
connected hardware. The SPiiPlus Simulator can communicate with the SPiiPlus MMI Application
Studio and be used to debug programs and to simulate motion trajectory (with zero following
error), inputs, outputs and faults.

SPiiPlus Utilities - The SPiiPlus User Mode Driver, which provides the communication link between
the host computer and the motion controller.

SPiiPlus Documentation — Data sheets and user guides documentation for the SPiiPlus products.
All the documents are in PDF format.

Training Files - Microsoft PowerPoint® presentations and ACSPL+ code examples.

MATLAB Simulink Files — Models of the SPiiPlus single and dual loop control algorithms.

ACS Motion Control recommends using the most updated SPiiPlus tools and
% documentation.

2.2.2 Software Installation
To install the SPiiPlus software package:
1. Insert the SPiiPlus ADK Suite installation CD into the PC.

2. Follow the on-screeninstallation instructions.
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2.3 Safety Instructions

The safety procedures outlined in this section, along with safety instruction detailed in
the documentation of each network element, must be carefully observed in order to

achieve safe and optimal operation of ACS networking provisions.

Make sure that the following guidelines are addressed and observed prior to powering or handling
any of the network elements:

> Installation and maintenance must be performed by qualified personnel only. Such a
person must be trained and certified to install and maintain high power electrical
equipment, servo systems, power conversion equipment and distributed networks.

>  Prior to powering up the system, ensure that all network components are connected to
earth grounding.

> Keep all equipment covers close and secured during all time.

> Maintenance should be performed only after the relevant network element has been
powered down, and all associated and surrounding moving parts have settled in their safe
mode of operation. Certain drives require longer times in order to fully discharge. Follow
the hardware guide of each element and observe the residual discharge time specified.

> Avoid contact with electrostatic-sensitive components and take the required precautions.
2.4 Product Licenses

2.4.1 About Licenses

Licenses (sent as software strings) are keys used to set certain general properties of the network,
such as the required number of axes, special features and type and number of non-ACS network
elements.

The license string allows controller options only for the specific controller and cannot
=—| beused for another controller.

The network units are initially ordered and delivered with a pre-defined configuration and feature
set. This set consists of product-specific features, such as, number of axes, number of Sin-Cos
encoders, hardware configuration parameters. These features are stored in the products
themselves. Other network parameters, such as special servo features and number of total axes,
and number of non-ACS |0 devices, are stored in the master controller. For example, a UDMnt-2 can
be ordered with none, with 1 or 2 Sin-Cos multiplies, in one or two axes configuration. On the
network level, the master controller can be ordered with or without ServoBoost™ as a special
servo feature.

The ordered master controller is factory pre-programmed to the maximum number of axes,
number of non-ACS servo axes, non-ACS stepper axes and non-ACS |0 nodes. ServoBoost™ and
other customized servo algorithms are ordered at the Master/Network level as well.
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The number of network elements (units and EtherCAT nodes) is limited up to the maximal number
listed defined in Table 2-2. The limitation may result from the specific master chosen, by the
resulting number of supported nodes, and the required axes.

In order to change a network’s configuration, that relates to network-level features, after the initial
order, the user may have to obtain a specific software license. Changing network configuration
(addition or subtraction of units, adding, removing or replacing modules within the MC4U, or adding
programmable features) may require modification of the network configuration in addition to the
above described software license., as outlined in Table 2-1.

Table 2-1. Tool Use Requirement

System

Obtain License

Action

Setup

Changing order of units (cabling only) within a

given network ves No

Changing DIP switch number Yes No

Addition of Units Ves Yes (only in case limits are
exceeded)

Removal of units Yes No

Modifying MC4U configuration No See Note

Adding axes (MC4U, ACS units or non-ACS) Yes Yes

Adding non-ACS 10 units Yes Yes

r A

Alicense is needed when a network modification (addition of a unit or units, or MC4U
axes by addition of modules) increases the total number of network axes beyond the

% ordered axes (defined by the master) and specified minimal CTIME and when it
increases the total license-based master or slave features.

_ J
24.2 License-Based Features Ordered with ACS EtherCAT Master

The following features are ordered, pre-programmed and delivered in any ACS EtherCAT Master.

Table 2-2. ACS EtherCAT Master License-Based Features

. . Factory

R .
equirement Description Setting

Total All servo axes in the network (4, 8,16, 32, or 64). Two As
number of performance levels of MPUs within NTM controllers are ordered
axes supported, as function of needed axes and CTIME.
Input . . As

) Optional algorithm.
Shaping ptional algori ordered
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Factory

Requirement Description Satiing
Customized As
servo Support of customized servo features, such as ServoBoost™,
i ordered

algorithms
Number of Servo and stepper axes provided by (certified) non-ACS As
non-ACS EtherCAT drives. Refer to ACS price list for detailed upgrade ordered
servo axes information
Number of . . .

Axes provided by (certified) non-ACS EtherCAT drives. Refer to As
non-ACS . . . .

ACS price list for detailed upgrade information ordered
stepper axes
Number of . i .

|0s provided by (certified) non-ACS EtherCAT devices. Refer to As
non-ACS1/0 L . . .
nodes ACS price list for detailed upgrade information ordered

In order to change any of these parameters after the network has been delivered, the user has to
obtain a new license from ACS.

24.3 Llicense-Based Features for ACS EtherCAT Slaves

ACS EtherCAT Slave units are delivered according to the ordered configuration, which addresses
the product type, number of axes, hardware configuration, and number of Sin-Cos encoders.

Once delivered, however, no changes to the ordered configuration can be made in the
field. If changes are required, the product has to be returned to ACS to effect the
# change.

2.4.4 Purchasing an ACS License

In order to increase, or change, any of the capabilities listed in above, the user has to obtain a
license from ACS Motion Control. The license is purchased from ACS as a product.

In order to obtain a new license, the user has to provide the following information to ACS:
> Thereport generated by the SPiiPlus MMI Application Studio System Information Viewer.
> Therequested features

To generate the System Information Report:

1. Inthe SPiiPlus MMI Application Studio select Toolbox > Utilities > System Information
Viewer. The System Information window listing the data for all components is displayed:
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2. Click Save ( \ﬂ) on the toolbar. The browser is displayed.
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)

3. Browse to the location where you want to save the information and click Save.

The datais saved in a file with an .ini extension. It is this file that you send to ACS Motion Control
when purchasing a new license.

2.4.5 entering New License String into the Controller

The new license string is entered into the controller by copying the following command:
#SCO “license string” (that is sent from ACS Motion Control) into the SPiiPlus MMI Application Studio
Communication Terminal and executing it.

After entering the license string, the controller has to be restarted.
2.5 SPiiPlus Resources

2.5.1 Accessing SPiiPlus Programming Resources

The SPiiPlus program group can be accessed from Windows: Start > Programs > SPiiPlus NT Suite,
for example:
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2.5.2 Available SPiiPlus Resources
[tems that you can access in this manner are:
>  SPiiPlus product data sheets in PDF format
>  SPiiPlus training documents in PowerPoint format
>  SPiiPlus product user guides
> SPiiPlus MMI Application Studio
> SPiiPlus MMI Application Studio Help file

>  SPiiPlus User Mode Driver

executable file, sb4.exe, must be in the same folder as the application executable file.

% For the Simulator to be accessible to a host application, a copy of the Simulator

2.6 Activating SPiiPlus MMI Application Studio

SPiiPlus MMI Application Studio can be activated either from the Windows Start menu:

Version 3.02 22




SPiiPlus Setup Guide
2. Getting Started

Wednesday
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Control Panel
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Notepad
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Or by double-clicking 5 on the Windows Desktop.
The SPiiPlus MMI Application Studio startup window is displayed.
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£11 1
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01 o0 empy
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o Serdd Send And Trigger Scope.
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Ready

Figure 2-1. SPiiPlusMMI Application Studio Startup Window
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For a complete description of the elements making up the SPiiPlus MMI Application Studio Startup
window, see SPiiPlus MMI Application Studio User Guide.

2.7 SetUp New System

The steps to be followed when setting up your new ACS Motion Control system are:
1. Establishing Communication with SPiiPlus MMI Application Studio

You first have to establish communication with the controller in order to set all the parametersin
the steps that follow.

2. System Setup

3. System Setup

SPiiPlus technology enables you to link several devices (ACS Motion Control devices as well as
certain approved non-ACS devices) together in a master/slave configuration. Once all the devices
have been physically connected, you have to perform this step to establish the parameters of the
network.

4. System Hardware Configuration

In this step you use the System Setup Component to scan your system in order to define the
physical parameters of each device. This step involves: defining the configuration in the database,
verifying that the configuration is correct, and then loading the configuration data into the master
controller. Once this step is complete, the master controller knows what type of devices are in the
system and what they are controlling.

The physical parameters include:
> Whether the device is a motion controller or I/0 device
> Whether the controller is a master or slave
> The motherboard being used (for MC4U units)
> Power supply that is installed (for MC4U units)
> Driversthat are installed (for MC4U units)
> Axesto which the devices are connected
> 1/0 connections
5.

In this step you begin by defining the motion parameters for each axis through the Adjuster
Wizard. Then you proceed to adjust the motion parameters based on the nature of the axis
parameters as well as the motors that are being driven. The adjustment of the specific types of
motion parametersis covered in Current Loop and Current Phase Offset Setup, Commutation, Open
Loop and Position Verification, Position and Velocity Loops, and Save to Flash.

6. Protecting Application

At this point, the controller has been in the configuration mode, meaning that it can be written to.
Changing the controller mode to Protected limits changes that can be made to controller variables
and program buffers. The Protected mode can be useful once you have completed configuration
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and adjustment and want to protect the controller from changes that could be caused
unintentionally.

Further specialized motion application considerations are covered in the appendices.
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3. Establishing Communication with SPiiPlus MMI
Application Studio

Thisis the first operation that must be performed before you can start setting up your system.
There are three types of communication:

> RS-232 serial connection

> Ethernet connection which can be either point-to-point (direct to controller) or over a
network

> Remote connection through a host connected to the motion controller
This chapter also provides details for connecting to the SPiiPlus Simulator utility.
The steps in establishing communication are:

1. Set controller properties

2. Connect to the controller

s )
If you have more than one SPiiPlus Motion Controller in your system, use the SPiiPlus
MMI Application Studio Add Controller function and repeat the communication setup
% for each motion controller. See SPiiPlus MMI Application Studio User Guide for details
on this function.
\ J

Communication setup for each type of channelis described here using the SPiiPlus MMI Application
Studio SPiiPlus Controller Properties dialog window through which you configure the controller’s
communication settings.

Certain parameters, such as logging and remote connections, can also be set using
% SPiiPlus User Mode Driver - see SPiiPlus Utilities User Guide.

3.1 Setting Controller Properties

To set controller properties - double-click the controller in the Workspace Tree, as shown:
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Eri 0000234 |
i Manager

i s sl Terimid

L Siystem Configuration Wizard

T8 Tookax | G weekspace * - New

The SPiiPlus Controller Properties window is displayed:

5 SPiPlus Controller Propertics

|- Ganeral | Commuricstion Paramsters |

General
Conkroler Mame:

Conrmction Timeout: 2000 |55 me

| ol ConneCinon
Femobe Address: Frrecde Port;
+
o
(oA AN
| gesial | Ethemat |2t Bus | -Squdatoe |

Press Connadct bubton bo conresct bo smulstor.

| oty | Gones |

Figure 3-1. SPiiPlus Controller Properties Window

1. Inthe General tab enter an identifying name in the Controller Name field.

2. Enter the connection timeout value, in milliseconds, in the Connection Timeout field.
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3.2 Connecting to the Controller

3.2.1 Serial Communication

The SPiiPlus MMI Application Studio serial communication is not intended to be used for
safety purposes.

All SPiiPlus motion control products include two RS-232 serial communication channels (COM1 and
COM2). The default settings of RS-232 are: 8 data bits, no parity and a regular stop bit.

1
: FC SPiiPlus
|

I RS-232

|

I Ex m Hw

l X F

1 Tu T=

i

: GHD GHD

I

|

|

!

Figure 3-2. RS-232 Serial Connection

3.2.1.1 Connecting via Serial Communication

To connect the host computer to the SPiiPlus Motion Controller by way of the serial port:

1. Inthe General tab select Serial.
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T QPP lus Controller Propertics 2 HI

| iGeral | Comvancation Parameless |

et al
Corkrolar Name:

Connection Timsout: 2000 (%1 s

Rk Address Femake Post:

Coeraminecation

cgerial | phemet | acreus | Sqmdsner I
Port: 1:()1'!11:h ey
Rata: dubo e

2. Select the communication port from the Port dropdown list.

3. Select the baud rate from the Rate dropdown list.
4. Click Connect (I === ),

3.2.1.2 Troubleshooting a Serial Connection

> Inspect the cable and connectors.

> If acommunication error message appears right after you click Connect, check that the
COM port on the PC host is not being used by another application.

> (Check that the communication port specified in the Port field corresponds to the COM port
on the PC host that the cable is connected to.

> Older computers: try alower baud rate.
3.2.2 Ethernet Communication

Two types of Ethernet connections are supported:

1. Network - in which the PC communicates via a network with the Ethernet port of the
controller.

2. Point-to-Point - in which the PCis connected directly via the Ethernet cable to the
Ethernet port of the controller.

These two types of Ethernet connections are illustrated in Figure 3-3.
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Metwarked Ethernet
Communication

I ' SPiiPlus Controller or
| Contral Module

PC with Ethemet Card

Point-To-Point Ethernet
Communicaticon

SPiiPlus Controller or
| Contral Module

PC with Ethemet Card

Figure 3-3. Types of Ethernet Connection

3.2.2.1 Connecting via an Ethernet Network

To connect the host computer to the motion controller via an Ethernet network:
1. Inthe General tab select Ethernet.

T QPP lus Controller Propertics 2 HI

Ganeral

Corkrobar Nate:

Connmction Timsout: 000 | s

Remche Address Femake Bt

Commmunication

| Gerial |- mhomet | e | Sqpudsteor |
Conbiler [P dddress: B
10.0.0.100

Netwcak Typa:
fra—

Cekroler Port:

2. Select the IP Address from the Controller IP Address dropdown list.
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The factory default TCP/IP address is 10.0.0.100.
=

3. Select Network from the Network Type dropdown list.

| Ganeral | Communication Parameters |

Genaral
Cortroliar Mame:

Conmection Tmsout: 2000 5 mE

|| sk Cornection
Remche Address Roemakie Pt
+
Curamnic akion
| Seeiad | Ethemet... of 21 Bus | Stmdston
Conlreder [P Address: Cortroler Peet:
10.0.0.103 [ 701 |2
Nestrsonk, Typs:
[r— [=
e |
| Connest. || Gancel

4. Click Connect (- ©== ),

3.2.2.2 Connecting via Ethernet Point-to-Point Communication

If you want to make a point-to-point (direct) Ethernet connection between the PCand the
controller, bear in mind that the connection requires a dedicated Ethernet card.

Ethernet Point-to-Point Communication requires a 10/100BASE-T Crossover cable
%

To connect the host computer to the motion controller via point-to-point Ethernet:

1. Inthe General tab select Ethernet.

Version 3.02

31



SPiiPlus Setup Guide
3. Establishing Communication with SPiiPlus MMI Application Studio

T QPP lus Controller Propertics 2 ﬂl

| iGeral | Comvancation Parameless |

et al

Cortrobar Naste:

Connection Timsout: 2000 (%1 s

Eemohe Address Flemote Poat:

Communication

| govial |- Ethornat... [ir_l 201 Bus | Sepuetor |
Controler [P Address:
10.0.0,100

hetwck, Typa:
[—

Corkroler Port:

2. Select the IP Address from the Controller IP Address dropdown list.

The factory default TCP/IP address is 10.0.0.100.
=

3. Select Point to Point from the Network Type dropdown list.
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T QPP lus Controller Propertics 2 HI

| iGeral | Comvancation Parameless |

et al
Cortrofar Marme:
Connection Timsout: 2000 (%1 s

Rk Address Femake Post:

Communiation

| Serial | mhomet | e | Sqpudator |
Conbrler [P Address: Cortroder Port:
10.0.0.103 ol
Nestwoork, Type:

4. Click Connect (I &= 1),

3.2.2.3 Troubleshooting Ethernet Network Connections
> (Check that you are using Path-Through 10/100BASE-T cable.
> Inspect the cable and the connectors.

> Check that the network hardware/software (adapter, drive, TCP/IP protocol) is properly
installed and configured to the PC host.

> Check that the TCP/IP address reserved for the controller is unique in the network.
> (Check that the right TCP/IP address is configured in the controller.
> (Check that the right TCP/IP address is entered in the Communication dialog box.

If you can communicate with the controller, but an occasional error occurs, check that
Network Connection is selected (not Point-to-Point) in the Communication dialog box.
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If two controllers have the same IP, an error message (code 165) appears. Later, to
connect via Ethernet network to the controller with a unique IP, you should reboot the
controller by right- clicking the controller in the Workspace Tree and selecting
Controller Reboot:

% 5
n Bewove
7

3 remove &)

B¥  SwetoRash

_ J

3.2.2.4 Troubleshooting Ethernet Point-to-Point Connection

> Check that you are using a Crossover 10/100BASE-T cable.
> Inspect the cable and the connectors.

> (Check that the network hardware/software (adapter, drive, TCP/IP protocol) is properly
installed and configured on the PC host.

> Check that the default TCP/IP address was not changed in the controller and that the
proper TCP/IP address is selected in the SPiiPlus MMI Application Studio.

3.3 Connecting via a Remote Host

To connect to the motion controller through a remote host:

1.  Inthe General tab select the Remote Connection checkbox.
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% Connect to Controller ﬁIJ

|--$HH'-H #| Comnenarwcibinn Paramebsss

General
Conkrolr Name:

Conrmction Timsout: 2000 L5 e

Remobe Address: Remote Port:
m._: i

| Connact bo Remobe Server

Sl Etheseriet Bl B Sanulstor

2. Enter the IP of the remote computer in the Remote Address field.
3. Enter the port number of the remote computer in the Remote Port field.

4. If the remote computer has login requirements, click Login Details:

Remote fddress: Remote Port:
o L
H Login Detads
Doomasn;
Ll
Pasoward:
Cormedt to Remote Server

Enter the Domain name, Username and Password.

5. Click Connect to Remote Server ( Sl .

3.4 Setting SPiiPlus Communication Parameters

Once you have established a communication connection with your SPiiPlus Motion Controller, you
have the option of setting certain communication parameters and store them into the controller’s
flash memory

1. Inthe SPiiPlus Controller Properties window, click the Communication Parameters tab:
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This tab enables you to set the following communication parameters:

> COMMFL

> DISPCH

> BAUD

> TCPIP

> TCPIP2

>  TCPPORT
> UDPPORT
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For details on these options see the SPiiPlus MMI Application Studio User Guide.

| SevetoFlash |

2. Once you have set the parameters, click Save to Flash (
window is displayed:
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3. Enter your user name in the User field.
4. Enter the application name in the Application field.

You can, if you desire, enter free text remarks in the Remarks field.

By default all data is selected. You have the option of selecting the data you want to
load into the controller by clicking (thereby deselecting) the checkbox of the data you
# donot want to be saved.

5. Click Save.
3.5 The SPiiPlus Simulator

This section describes using the SPiiPlus Simulator. For complete details of the Simulator see the
SPiiPlus Utilities User Guide.

3.5.1 About the SPiiPlus Simulator

The SPiiPlus Simulator allows you to work with the SPiiPlus MMI Application Studio, SPiiPlus C Library
or SPiiPlus COM Library without being physically connected to a controller, drives, or motors. The
Simulator thus is a powerful tool for use during application development and debugging before
connecting to actual hardware.

The Simulator emulates all programming features of the controller, except for the following:

> Feedback from real motors: Instead the simulator sets the feedback values equal to the
reference values, which is equivalent to ideal motors with zero following error. This means
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the feedback position and reference position are equal (or, in terms of the associated
ACSPL+ variables: FPOS=RPOQS).

> Real time operation: The simulator emulates the controller time and supplies the TIME
variable, however TIME=1is not equal to 1 millisecond as when working with a real SPiiPlus.

> Some hardware-based programming features, including: Index, MARK, PEG, and analog I/0
(AIN and AOUT).

> Some SPiiPlus MMI Application Studio Communication Terminal commands: #HWRES,
#RESET, #U, #IR, #SI, #SIR .

> The write/read commands.

>  The SPiiPlus MMI Application Studio Application Saver and Application Loader.

The Simulator does, however, provide limited support for SPiiPlus MMI Application
% Studio Adjuster Wizard.

3.5.2 Connecting to the Simulator

This section provides the procedure for connecting to the SPiiPlus Simulator via the SPiiPlus MM
Application Studio, for other methods see the SPiiPlus Utilities User Guide.

To connect to the Simulator:

1. Click Workspace on the SPiiPlus MMI Application Studio Menu bar, and select Add
Controller.

Yeewr  Workspace  Took  Windo

O W © aggconroler o
L.
Worksp St as Def

The Connect to Controller dialog is displayed.

2. Click Simulator.
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3.

Click Connect (' “™* ). The “controller” is added to the Workspace Tree.
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4.1 System Setup

The system setup process includes setting up the EtherCAT network and configuring the units
connected to the network.

ACS network solutions are based on a master device and multiple network elements, connected
over an EtherCAT cable. The combination of EtherCAT technology and ACS network capabilities
ensure that the master and all network elements are tightly time-synchronized.

An ACS EtherCAT network consists of a master (see Supported Network Masters ) that is always
positioned as the first network element. The subsequent elements can be any combination of ACS
and non-ACS EtherCAT network elements (see Supported Network Slaves). A daisy chain cabling is
used to connect the master to the network elements: The master is connected by a single
EtherCAT cable to the first “slave”, which connects to the second “slave”, which in turn connects to
the third one. This process is repeated until the last “slave” element is reached. The EtherCAT cables
support bi-directional, full duplex communication.

% No redundancy cable, or ring topology, is supported.
L~

The number of supported elements is determined by the type of master used, and the software
version installed. The axes and 10 numbering is determined through the System Setup Wizard, a
component of the SPiiPlus MMI Application Studio, as detailed in the following sections and by
setting the front panel DIP switches on ACS network elements that contain them.

4.11 Supported Network Masters

The following ACS Motion Control units can serve as a network master:
>  SPIiiPlusNTM Network Manager

SPiiPlusNTM-32 and SPiiPlusNTM-64 are stand-alone master controllers which differ by the
maximal number axes they support. The controllers support both ACS and non-ACS
network elements in various combinations. The SPIiiPlusNTM-32 supports up to 32 axes and
64 nodes. The SPIiPlusNTM-64 supports up to 64 axes and 64 nodes.

>  SPIiiPlusNT motion controllers
The SPIiPlusNT product line consists of:

> SPiiPlusNT-LT Motion Controller
The SPiiPlusNT- LT motion controller is an economical 4 or 8-axis (local) controller
network master.The controller can be housed in an MC4U or installed as a stand-alone.
The controller consists of three interconnected boards: a base driver board, an MPU,
and an Ethernet board. SPiiPlusNT- LT supports up to 32 axes and 64 nodes.

> SPIiiPlusNT- HP Motion Controller
The SPIiPlusNT- HP motion controller is a high performance, 8-axis (local) controller
network master. The controller can be housed in an MC4U or installed as a stand-
alone.
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The controller consists of three interconnected boards: a base driver board, an MPU,
and an Ethernet board. SPiiPlusNT- HP supports up to 64 axes and 64 nodes.

SpiiPlusNT-NP Motion Controller

The SPiiPlusNT-NP motion controller is a NanoPWM dual axis 2 or 4 (local) network
master. The controller can be housed in an MC4U or installed as a stand-alone.

The controller consists of three interconnected boards: a base driver board, an MPU,
and an Ethernet board. SPiiPlusNT- NP supports up to 64 axes and 64 nodes.

SPiiPlusNT-LD Motion Controller
SPIiPlusNT-LD is the same as SPiiPlusNT-HP but includes an additional module for linear
drivers.

SPiiPlusSC motion controller

SPiiPlusSCis a technology that leverages modern PC power and open architecture for
high-performance motion control. ACS and non-ACS party servo drives and I/0 devices
are connected to the PC by means of real-time network EtherCAT. The SPiiPlusSC
implements both multi-axes motion control and EtherCAT Master.

4.12 Supported Network Slaves

The ACS units that may be employed as slaves in the network are:

>  SPiiPlusDC motion controllers

The SPiiPlusDC product line consists of:

>

SPiiPlusDC- LT Motion Controller

The SPiiPlusDC- LT motion controller is an economical, 4 or 8-axis drive slave controller
that can be incorporated in any network being controlled by any ACS EtherCAT master
controller to which it is slaved. SPiiPlusDC- HP/LT motion controllers provide servo
control over 4 or 8 local axis, and receives trajectories via EtherCAT protocol from the
master SPiiPlusNT-HP.

SPiiPlusDC- HP

The SPiiPlusDC- HP motion controller is a high performance, 4 or 8-axis drive slave
controller that can be incorporated in any network being controlled by any ACS
EtherCAT master controller to which it is slaved. SPiiPlusDC- HP motion controllers
provide servo control over 4/8 local axis, and receives trajectories via EtherCAT
protocol from the master SPiiPlus NT-HP.

SPiiPlusDC-NP

The SPiiPlusDC- NP motion controller is a NanoPWM dual axis drive slave controller that
can be incorporated in any network being controlled by any ACS EtherCAT master
controller to which it is slaved. SPiiPlusDC- NP motion controllers provide servo control
over 2/4 local axis, and receives trajectories via EtherCAT protocol from the master
SPiiPlus NT-NP.

SPiiPlusDC-LD
SPiiPlusDC-LD is the same as SPiiPlusDC-HP but includes an additional module for linear
drivers.

> PDMnt Network Interface
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The PDMnt is a network module designed for controlling external drives and I/0s. There
are three PDMnt versions:

> PDMnt-4 - A 4-axes Pulse/Dir interface for step and servo motors.

> PDMnt-8/8-D - An 8 x digital output and 8 x digital input that can operate off 5vVdc or
24Vdc and can be configured either as a sink or source.

> PDMnt-4-8/8-D - Combines the PDMnt-4 and PDMnt-8/8-D for providing a 4 x
Pulse/Dir interface, 8 x digital inputs and 8 x outputs

> SPiiPlus IOMnt EtherCAT Module

The SPiiPlus IOMnt EtherCAT Module is a 32 input and 32 output ACS EtherCAT network
element. The product is configured, controlled and monitored by an ACS master and
matching software tools.

> SPiiPlus SDMnt Control Module

The SPiiPlus SDMnt Multi-Axis Step Motor EtherCAT Control Module is a panel mounted,
four or eight axis EtherCAT slave module designed for running step motors. It can run
seven two-phase unipolar step motors and one two-phase bipolar motor.

> SPiiPlus UDMnt

The SPiiPlus UDMnt (Universal Drive Module) is a dual-axis card designed for incorporation
in the MC4U Control Module to enable control peripherals over the Ethernet.

Details of the above units can be found in their respective Hardware Guide.
4.1.3 Supported Non-ACS Units

Currently the following non-ACS units have been certified for use within an ACS network:
> Copley Controls Accelnet (Plus Panel Ethercat)
> Sanyo Denki SanMaotion RS2 with EtherCAT Interface
> Yaskawa SGDV Sigma 5
> Emerson (Control Technix) Digitax ST
Non-ACS devices are divided into two main groups:
1. Qualified Motion Drives with high-level support:
> Servo
>  Stepper

2. All other non-ACS slaves are classified as I/0 devices.
4.14 EtherCAT Cable Length

The length of the cable between two adjacent network elements can be up to 100m using ACS
certified components and cables. ACS has performed formal tests with 50m cables between
adjacent network elements.
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4.2 Numbering and Identification of Network Units, Axes and 10s
4.2.1 Unit ID Numbers

A network unit's identification (ID) is determined automatically by the system at power up
following a master reset according to the physical order of the units in the network and in a
sequential order.

A'unit'is a network entity. As an example, an 8 axes MC4U is represented in the
System Setup component as 'Network unit 0', or ID=0. Numbering starts at 0, up to the
[# number of unitsin the network.

The IDs are assigned a number starting from 0. In some of ACS products, a physical switch exists on
the product's panel: the DIP switch, which can be set by the user according to the following:

> When set to 00 (binary) — thisis a don't care setting.

> Whensettoanon-zero value - it is checked by the system to detect changes of same-
type units. This feature is used to distinguish between any identical and adjacently position
units. In the System Setup MMI component the DIP is represented as DIP: O or other value.

The network assigns ID numbers to units sequentially (starting from 0) as a function of number of
nodes.

4.2.2 Axes Numbering in ACSPL+

The firmware reads the units’ axes and assigns them automatically, sequentially, according to the
units’ positions in the network. The units’ configurations from the controller’s and drives’ memory,
as stored in the master, are checked by the system at power up. A warning isissued in the
following cases:

> Aunit has not been configured and thus does not have a configuration file

> A conflict between the configuration file and the actual hardware settings read by the
controller, hardware does not support the assignment.

Axes’ assignment must be consecutive within each unit but may have gaps between the units and
does not have to be ordered. The following assignments are valid:

MC4Unt-8 uDMnt-2 SDMnt-8

8-15 0,1 19-22

When changing the order of units in the network, the axes' numbering (logical names that have
been assigned) can be maintained. This is done by the System Setup MMI component, which checks
the new assignments validity and warns of conflicts.

4.2.3 1/0 Numbering in ACSPL+

> Digital In and Out

Digital I/0 variables IN(n) and OUT(n) are assigned sequentially by the System Setup MMI
component as function of the detected hardware’s number of IN and OUT ports.
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As an example, a 32 bit vector assigned to a unit (32 in and out, maximum, in IOMnt, and as
function of suppported I/0s in other units), and addressed by bit: IN(3).5 where 3, the
index, is set in the System Setup MMI component, and 5 is the bit number to which the
default is assigned by the tool and can be changed by user. The variable IN(3).xx is
assigned to a certain unit and cannot be split — no two units can have the same IN(X)
assigned to them.

> Analog In and Out

Analog I/0 variables AIN(n) and AOUT(n), n=0 to 999, are assigned sequentially by the
System Setup component as function of the detected hardware's number of AIN and
AOUT ports.

4.24 Logical and Physical Assignment of Network Units, Axes and |0 Variables

Variables’ names have to change when network units change locations. Since the units’ position
has changed, their IDs change, and, as a result, the axes assignment changes. In order to maintain
the logical names of the axes and I/0s and thus leave the application unchanged, the System Setup
MMI component data has to be updated.

As an example, the following ‘before’ and ‘after’ (UDMnt-1 has been removed from the network)
configurations demonstrate the automatic axis assignment which results following the units’ order
change, and the assignment after user’s intervention. An NTM master (not shown) is assumed:

Before:
- UDMnt-2 UDMnt-1 Mc4U
ID 0 1 2
Axes 0,1 2 3,4,56
After:
MC4U REIMENS
D 0 1
Axes 0,1 g 34 Default assignment
3,4,5, Assignment through System Setup MMI component by
Axes 0,1 6 User

4.3 ACSPL+ Programming in a Network Environment

Some non-ACS network elements the commands: ECIN and ECOUT. These are used for low level
programming which involve direct mapping of the EtherCAT telegram to user defined ACSPL+
variables.
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Until version 2.60, controlling IOMNT units required using ECIN and ECOUT. ACSPL+ IN and OUT
variables were not allocated to IOMNT. Version 2.60 supports auto-mapping of IOMntto ACSPL+ IN
and OUT variables.

For backwards compatibility, a new bit ##0MNTMAP in S_SETUP variable should be set to 1.

Refer to the SPiiPlus Command & Variable Reference Guide.
4.4 Network Operation
4.4.1 Power-Up Sequence

An ACS master has to be powered up, or reset, after all its slave units have reached their stable
operational mode. This mode is reflected in the ACS master unit as the MPU_ON LED blinking green.

The network unit is identified and monitored in the following way:

> An ACS master unit is monitored constantly, thus powering up or re-connecting a unit is
detected immediately.

> A non-ACS unitis detected only at the master’s power up or reset process. As a result of
reconnection or powering up a non-ACS unit it must be accompanied by restarting the
network.

If the master is powered up after all the slaves are up, the master resets and reloads the network.
4.4.2 Cable Disconnection

After a cable is reconnected, all disconnected units are redetected and the FCLEAR ALL command
has to be issued (see SPiiPlus Command & Variable Reference Guide). Encoder data of the
disconnected units is maintained (as long as the unit has maintained its power), so that upon
reconnection the drive’s position is maintained.

Itis the responsibility of the operator to ensure that the required precautions are
taken prior to reconnecting the cables so that no personnel are endangered.

4.4.3 Losing 24V Power

If any unit has lost its 24V control power-feed, after being repowered, the entire network has to be
restarted.

4.4.3.1 Network Monitoring

In order to perform network monitoring in order to check that all units are communicating with
master, and verify the status of critical parameters, the following commands are available:

Read EtherCAT State - a variable whose bits represent the various stages of

PECST

© the network

?ECERR EtherCAT error - network error code

#LOG Displays last 100 errors reported by the firmware
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4.5 System Setup

ACS Motion Control’s NT technology allows several units to be chained together using EtherCAT.
System Setup enables you to configure a single or multiple Unit Control Module along with stand-
alone NT modules and non-ACS units as a network.

Use System Setup to:
> Define the system configuration
> Update the system configuration

You can setup the system either automatically or manually.

You should run the automatic system setup on initialization and whenever the system
% is changed.

4.5.1 Configuring the Network
4.5.1.1 Automatic System Setup

To activate System Setup:
1. Inthe Workspace right-click the controller.

2. Select Add component > Setup> System Setup.
The System Configuration window opens.

3. Inthe Automatic Setup tab, press Execute.
1%3 Execute

Systems Configuration

4. Approve the message about the controller being rebooted.
The system is setup automatically. This may take several minutes to complete.

5. When the setup is complete, click OK.
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5. System Hardware Configuration

The SPiiPlus MMI Application Studio System Configuration Wizard is used for configuring the
devicesin a network. Your system hardware can be a single device (such as a single MC4U), or it
may be a series of devices that are linked together through an EtherCAT network. There are three
possible types of devices:

>  MC4U control modules

>  ACS Motion Control I/0 modules (such as the SPiiPlus I0OMnt) and Drive modules (such as
the SPiiPlus UDMnt)

>  ACS-certified non-ACS modules (such as Sanyo Denki SanMotion RS2)
When configuring a new system, the wizard requires two steps:
> Defining the hardware configuration in the database

> Loading the hardware configuration into the master controller flash memory
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6. AXxis Setup and Tuning

Axis configuration and setup is accomplished using the SPiiPlus MMI Application Studio Adjuster
Wizard. You use the Adjuster Wizard to set the parameters for the:

>  Axis architecture

> Drive
>  Motor
> Feedback

This chapter covers using the Adjuster Wizard to setup initial motion-related values for the SPiiPlus
Motion Controller in the system. For complete details of using the Adjuster Wizard see the SPiiPlus
MMI Application Studio User Guide.

6.1 Principles of Motion Control

A general motion control system can be divided into:

> Controller — control laws

> Drive — power converter

> Machine - plant, motors and feedback devices
The plant receives two types of signals:

>  Controller output from the drive

> Disturbances

Disturbance

Command N Control " + Response
ntr ]

ShEe - Drive Machine »-

Laws

Feedback

Figure 5-1. Motion Control System Schematic

Your goal in using the Adjuster Wizard is to make the plant follow the command “as good as
possible” despite the presence of disturbances while ensuring that the system is stable. Through
the Adjuster Wizard you adjust the parameters of the control laws in order to attain a quick, stable
command response.

Control laws must be set with enough margins to accommodate reasonable changes in the system,
and from system to another, such as a change in motor constant, driver gain, etc.

6.1.1 Control Loops

Ideal motion control is attained through properly tuned cascaded control loops:

> Currentloop (external / internal drive)
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>  Velocity loop

> Position loop

Cument ‘VoRage (FWM)
Command Command
Postion / / ;Ilaje
Position Velocty | 7+ Current _— Wotor, ] FoMe
Controller Controller 4 Controller
— " current |
position loop . curentiocp.
- -
i ) " velocityloop

Figure 5-2. Control Loops

The position loop generates a command to the velocity loop, and the velocity loop generates a
command to the current loop.

In general, an inner loop should be faster than an outer loop, specifically:
> Current response should be faster than velocity response
> Velocity response should be faster than position response

By faster we mean with higher bandwidths, at a higher frequency zone. Typical bandwidth values
are:

> Currentloop - 0.5kHz-1kHz
>  Velocity loop - 50 Hz — 200 Hz
> Position loop -10Hz - 50 Hz
6.1.2 SPiiPlus Motion Control Algorithms
Elements used in the SPIiPlus control algorithm are:
> Plfilter
> Low passfilter

> Notchfilter

6.1.2.1 PI Filter

The proportional-integral (PI) filter is a basic control element. It is included in the current loop and
velocity loop. In certain cases also in the position loop.

The Plis the sum of two signals:

> The proportional term (SLxKP) provides responsiveness, and affects the bandwidth (how
fast the response is)

> Theintegral term (SLxKI) ensures that the average error is driven to zero.
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Figure 5-3. PI Filter Schematic

Figure 5-4 shows the frequency response of a Pl filter.

Pl filter
A Gain

A SLxKP
SLxKI
-~ v

>
f [Hz]

Figure 5-4. PI Filter Frequency Response

> The proportional gain dominates the higher frequency zone.
> Theintegrator gain dominates the lower frequency zone.

> The frequency of the Pl zero is always at: SLxKI/20 Hz
6.1.2.2 Low Pass Filter

SPiiPlus provides a second order low-pass filter. In many cases, it can be used to increase the overall
bandwidth of the velocity loop. It attenuates high frequency noise and resonances (a phenomenon
in which the plant has high gain around one frequency).

The second order low-pass filter attenuates all signal components above a certain frequency. The
frequency is specified by the SLVSOF variable.

Filter damping is determined by the SLVSOFD variable.

In many cases a proper reduction of the low pass filter bandwidth (relative to its default value)
allows to further increase the velocity gain. The major disadvantage of the second order low pass
filter is that it affects stability by adding a significant amount of phase lag and thus reducing the
phase margin.
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Usually, SLVSOF has to be 10-20 times above the velocity loop bandwidth. As a rule of thumb: set
SLVSOF=SLVKI.

6.1.2.3 Notch Filter

SPiiPlus provides a Notch Filter. In many cases, it can be used to increase the overall bandwidth of
the velocity loop. The Notch filter attenuates only a narrow band of frequencies and is usually set
above the bandwidth of the velocity loop.

Notch Filter advantage is less phase lag contribution in comparison to the low-pass filter. The Notch
Filter disadvantages are:

> Usually the transfer function of the plant has to be known in order to place the Notch Filter
properly.

> The Notch bandwidth has to be sufficiently wide. Resonant frequencies may vary slightly in
different machines of the same kind. The resonant frequency may also depend on the
position of the axes.

The Notch filter parameters are:
> SLVNFRQ - Notch frequency
> SLVNWID - Notch width (3 dB points)
> SLVNATT - Attenuation (absolute units)

6.1.2.4 BI-Quad Filter

A Bi-Quad filter is added to the velocity loop control in addition to the existing 2" order Low-pass
and Notch filters.

The Bi-Quad filter is the most general 2™ order filter. It has two poles and two zeros. It can be
thought of as a high-pass filter in series with a low-pass filter. The transfer function of the Bi-Quad
filter is as follows:

H(s) _ (s/wN)z+2(N(s/wN)+1
(8/wp)*+2¢p(s/wp)+1
Where:

> @y and wp are the numerator (high-pass filter zero) and denominator (low-pass filter pole)
frequencies, respectively.

> ({nand{pare the numerator and denominator damping ratios, respectively.

The corresponding ACSPL+ parameters are:

>  SLVBONF, SLVBODF - numerator and denominator frequencies in [Hz]. Range: 0.1 -
4000 [Hz].

> SLVBOND, SLVBODD - numerator and denominator damping ratios. Range: 0.01 - 1.
> MFLAGS bit 16 is used to activate the filter (by default the filter is off).
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The Bi-Quad filter can be used to compensate mechanical resonances, improve stability margins
and system bandwidth.

The Bi-Quad filter can be configured as an additional Notch using the following formulas:

1. Setthe numerator and denominator frequencies equal to the Notch frequency in[Hz]:

SLVBONF = SLVBODF = SLVNFRQ[H?|

2. Setthe numerator damping ratio equal to half the ratio between the Notch width and
Notch frequency:

SLVNWID[HZ|

SLVBOND = o nrroms

Maximal recommended ratio between width and frequency=1/3.

3. Setthe denominator damping ratio equal the numerator damping ratio times the Notch
attenuation (in absolute value):

SLVBODD = SLVBOND x SLVNATT

Below there are several examples that demonstrate the generality of the Bi-Quad filter.
zﬂ_
15-
10-=

Amplitucie (cB)

Fhaze [deg)

Fregquency HI) |
Figure 5-5. Bi-Quad Configured as a Notch Filter

SLVBONF = SLVBODF
SLVBOND<SLVBODD
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Amplitucie (cB)

Fhaze [deg)

100 -
-I-'lm_

'm-l i 1
100 100 0 1000.0}
Frequency (Hz)

Figure 5-6. Bi-Quad Configured as a 2"9 Order Lead Fliter

This kind of filter is used to improve the phase margin
SLVBONF < SLVBODF
In the example the damping ratios are equal:

SLVBOND=SLVBODD =0.707
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Amplitucie (cB)

Fhaze [deg)

{ ] i d
100 100 0 1000.0}
Fregquency HI)

Figure 5-7. Bi-Quad Configured as a 2"9 Order Lag Fliter

This kind of filter is used to improve the gain margin
SLVBONF > SLVBODF
In the example the damping ratios are equal:

SLVBOND=SLVBODD =0.707
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Amplitucie (cB)

] 3
4.0 1000 100000
Freguency (HZ) |

Figure 5-8. Bi-Quad Configured as a 2"9 Order Low Pass Fliter
SLVBONF > SLVBODF
6.2 About the Adjuster Wizard

The Adjuster Wizard provides tuning in terms of high-level parameters, namely parameters that
have a clear meaning for you. Once you have assigned high-level parameters, the Adjuster Wizard
automatically transforms them into low-level parameters, that is, controller parameters.

Since the Adjuster Wizard works together with the SPiiPlus MMI Application Studio Scope
monitoring tool, it provides interactive tuning. The Adjuster Wizard sends a trial signal to the motor
and automatically selects suitable Scope settings and sends the low-level parameter values. The
Scope displays the motor response and you can immediately view the results.

The controller needs to be configured and adjusted for each axis. The adjustment procedure
affects both the volatile and non-volatile memory of the controller. The Adjuster Wizard maintains
the high- level adjusted values for each component separately on your computer. Only after you
have selected Save to Flash, does the Adjuster Wizard save the valuesinto low-level parametersin
the controller.
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4 A

Some operations during the adjustment process may cause the motor to begin moving
unexpectedly. Some of the limits and safety features may be temporarily disabled. To
avoid personal injury or damage to the equipment, check the following before starting

the adjustment process:
@ >  Verify that NOTHING (people, electrical cables, or other obstacles) is in the path
of the motor or objects connected to the motor.

> Verify that the motor is securely anchored and that proper safety barriers,
stops, and/or limits are installed.

% You must run the Adjuster Wizard for each new SPiiPlus Motion Controller in the
system.

\ J

The adjustment procedure affects both the volatile and non-volatile memory of the controller. The
Adjuster Wizard keeps the controller memory in-sync with the application database.

The Adjuster Wizard maintains the high-level adjusted values for each component separately on
your computer. Only after you have selected Save to Flash, does the Adjuster Wizard save the
values into low-level parametersin the controller.

If the controller is shut off during an adjustment session and the data has not been
saved to the controller’s flash memory, the synchronization will be lost and the
7 adjustment session must be repeated.

6.2.1 Working in Adjuster Wizard Task Windows

There are several elements that are common to most of the Adjuster Wizard task windows. These
are:

6.2.1.1 Data Action Buttons

There are five data action buttons:

e Add an item to the field.

Edit the data fields.

&

x Deletes the item from the database.

Import data from a previously saved file on the computer.

When you click this button, a browser window is displayed, for example:
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B =
Lookis [ Database = G a3
-
u_uu:\-;n Fos name: |eives. | Open
Faces
i Fissoltme  [Orveries [ o) =] Cancel

|

Drill down to the subdirectory containing database files and select the file, all
Adjuster database files have an awd file extension. Then click Open.

6.2.1.2 Adding Data to Component Database

When you define the values for the Motor, Drive and Feedback components, the following action
buttons are available:

Active if you have entered a
component name that is
not in the database. Clicking

M Fud b database this button adds the data to
the Component database
under the component
name.

Active if you have made
changes to the data that

M Update in detabase | exists in the database.
Clicking this button puts

changes into the
Component database.

Deletes all changes you
@ el il oo have made to the data
fields.

6.2.1.3 Incompatibility Symbol

The Incompatibility Symbol 4 indicates that the value in the component field is incompatible with
what you have defined in previous windows.

You should return to a previous window and change the value with which it is in conflict, or, if
possible, change the value in the field in the current window. In any case you should resolve all
conflicts before continuing.
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This symbol can be ignored when an element is not yet defined. For example, a Drive
% has been defined but not the Motor.

6.3 Starting Adjuster Wizard

1. Inthe Toolbox click Setup to display the Setup list of tools.

2. Click Adjuster Wizard in the list of tools.
The Adjuster Wizard Select Task window is displayed in the workspace.

55 CTOOO009AT - Adjuster Wizard
You are working with Auis: Axis 0 |24
Select Task “
Y Select Task: Select Task "
Initialization e
& Setup New System or Controlisr =
Astis Archibectune i
Companents Select this task to setup a system with a brand new controlier or one that has been set o the factory default
Salety and Protection gattings. All apphicable adjuster steps are mandatory. Maotor, drive and encoder specifications need 1o be known,
Miscellaneous Defindtior
1 Adpest Tuning of Predefined System
Axis Setup and Tuning Select this task 10 go directly i the Lning steps of the adpster seup. The System nesd D have been previously
Sawve to Flash shup with the adjuster wizard and saved in the controlier, Only selact this task i it i verified that the systam has
Asis Duplication ben property configured with the adjuster wizard,
i ) VirIfy Correct Setup of Predefined System and Adjust Tuning
Salect thits tatk to varify th syshem setup and adpst the Lning of e systern, The system needs to have bean |
previously setup with the adjester wizard and saved in the controller. Changes can be mada to the satup if e
systemn was incorrectly defined
(0 Axis Duplicates
Sabact this tack to perform an axis duplicate operation on one o more axes
Sat initial values
() Existing Walues
() Dkt Wnhomes
) Copy Valoes From fuds t Ao T Fr ™ |y
Sedect Task sbep has three Furctions: select the desred task, st il values of s parameters, and view orrent = | ! :
adjuster and controler pacamebers. Refer bo the booktips For a detaded description of te comespondng paassters, Badk Newt »> || Cancal |

You can also activate the Adjuster Wizard using the right-click Add Component option
% of the Workspace Tree.

3. Select the axis by clicking the Axis Selector field and then select the axis from the
dropdown list:
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You are working with Axis: Aads O (X)
Select Task o 1()
S Felect Task Pk 2 (2]

Initialization s (T

Ascis Architectus S 4 (A)

Components Hode 5 (B)

Salety and Protection Hak 6(C)

Miscellaneous Definition fols 7400

The Adjuster Wizard must be run for each axis in the system.
=

6.4 Selecting Axis Setup Initial Values

You use the Set initial values option to set the values that the Adjuster is to use at the start of the
adjustment process: You have two choices:

>  Existing Values - using the values that have been built into the Adjuster Wizard database.
> Default Values - using factory default values that have been set in the controller.
When you select this option, a prompt window is displayed:

Adjuster - MMI Tools Framework !I

h ?,.i' Do o veank ko boad Adiuster ard Controler parameters default valses?

| Wi Adjuster Parameters | | Wiew Controller Parameters | [ s | L] |

If you have already run the Adjuster for another axis, you have the option of copying
values from this axis into the current axis by selecting Copy Values From Axis. When
you select this option, you choose the axis whose values are to be used from the
Select Axis To Copy From (which becomes active when you select this option)
dropdown list:

— Set inkisl vplues
—
E— ) Exiating Vahues
| Def autt Vishses
B Copy Vahs From Ads |
o2 0 (1) A
Ao 2(3)
A 3(T) 3
Mo 4 ()
s 5 (8)
Bods & () =
_ J

Click Yes to load the values.

To setup the axis values select Setup New System or Controller from the Task window and click
Next. There are nine steps in this task:

Initialization

In this step you provide information that serves to identify the database containing the high-level
parameter values.

Axis Architecture
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In this step you define the electro-mechanical structure of the controller’s working application as
well as the units for measuring feedback.

Components

In this step you define the parameters governing the:

> Drive
> Motor
> Feedback

Once you have defined these, you trigger the Adjuster to calculate the optimal values for the high-
level parameters and you load them into the system.

Safety and Protection
In this step you define the parameters for:
> Motion limits
> Current limits
> Postion errors
> Position limits
Miscellaneous Definitions
In this step you define the parameters for such things as:
> Motion completion
> Enable/Disable/Brake
> Dynamic brake
> Home switch
Verification
In this step the Adjuster Wizard runs various verification tests for such things as:
> Feedback
> Motor
> Switches
> Stop. Alarm, and Brake
This enables you to see where you need to adjust the values of the parameters.
Axis Setup and Tuning
In this step you are given the opportunity to refine your values and fine tune your system.
Save to Flash

Once your high-level values are correct for your system, in this step you save the low-level values
to the controller flash.

Final Page

This step is your exit point from the Adjuster Wizard.
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6.5 Initialization

Initialization serves only for tracking purposes.

|<o#hiows Bowrd - Adiustor Wezard .| =
‘ou ane working with Axis: s 0 (X))
Select Task
Eklokzation Initialization: Initialization
¥ " dntiskration User Information
Az Architecture
c LUiser Narme:
Safety and Protection ApghcationHaching:
Miscellaneaus Definitior 3
Werilication Controller Fw version: |6
Huds Setup and Tuning
Save to flash Cortroer 5/N:
I b Cortraber BN:
Duae: -
Remarks: Y

ritisization step has one Function: tradk user information. Refer bo the tool-tips For a detalled deccription of the cormesponding parsmeters,

<< Back | [Nt >> | | Cancal |

1. Enter your name in the User Name field (optional - this field may be skipped).

2. Enter the name of your application or the ID of the machine for which the controller is
being employed in the Application/Machine field (optional - this field may be skipped).

You will note that Adjuster has extracted the controller’s firmware version, S/N and

=——| P/Nfrom the controller and filled in these fields.

3. Enter the date in the Date field - its format is: mm/dd/yyyy.

4. Enter any remarks you want in the Remarks field (optional - this field may be skipped).
5. Click Next.

6.6 Axis Architecture

In this step you are to define the general parameters of the feedback mechanism to include the
electro-mechanical characteristics of the motion and how feedback is to be measured and from
what.

Data must be entered in all the fields. The data is entered by selecting the appropriate value from
the dropdown list of each field.

Version 3.02 62




SPiiPlus Setup Guide
. Axis Setup and Tuning

)]

|1 iy Boaed - Aduster wizard |

You are working with deis: fudds O (X) -
Select Task
Initialzation Axis Architecture: Axis Structure
Axis Architecturs Aos Rruchune
» o Ang Srcte _
Conponnts ks Structune Sirwgle Mobor =
Salety and Protection Mobar-Lond T prore— rprrr— ~
Miscellaneous Definition
Verification Goar Ratio 1
Axis Setup and Tuning
Save to flash Feedback Topology | Single; o mobor =
Final Page e
Liser Undts Appled To Mobor =
Rickary Uiz
Plokary Uik |Courk - Encoder Count -
= Advanced Parameters

s Structure step has bwo functions: define slectro-mechanical structure of applicaticn and define usar units used in motion programming. Referto |
the tool-tips For & detaled description of the comesponding parameters. 3 << Back Cartel

Once you have entered all the required data for this step, click Next to advance to the next task.
6.6.1 User Units
User Units

Of particular import in this step is the setting of User Units to be used by Adjuster Wizard in
measuring feedback. The User Unit can be millimeters, microns, nanometers, degrees or any other
unit that defines a distance for a linear axis or an angle for a rotary axis.

The User Unit is defined per axis. By default, the User Unit is the Encoder Count. For example, for a

quadrature encoder with resolution of 500 lines per millimeter, each default User Unit equals
2mm/4 = 0.5mm.

The User Unit is applied to the EFAC variable. EFACis a 64 member (one for each possible axis) real
array used for defining a factor between the raw feedback in encoder counts and the FPOS value

calculated by the controller. See SPiiPlus Command & Variable Reference Guide for complete
details.

gExamples of where User Units can be useful:

> Programming in standard units like millimeters or degrees is more intuitive than
programming in feedback resolution units (counts).

> |n a multi-axis environment, each axis could have a different feedback resolution. A motion
command applied to a group of axes (for example, PTP XYZ, 1000) will initiate a different
length of travel for each of the axes, depending on the feedback resolution. User Units for
each axis can be defined to compensate for different feedback resolutions, such that the
command will generate the same length of travel for each axis.

> User Units make it easier to change feedback devices. The program does not have to be
modified for the resolution of the new feedback device.
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6.6.2 User Defined User Unit

You use Advanced Parameters to make your own definitions of the User Unit.

To display Advanced Parameters select User defined from the Units dropdown list, for example:

~ Axis Architecture: Axis Structure

Ao Struchure

S Struchure Single Motor ad

Motor-Load Topokagy Rotary Motor and Rotary Lowd - Direct Drive v

Gear Ratio 1
Feedback Topology  Single, on motor e
User Ut
User Units Applied To toter i«
Rokary Unks
Rokary Unis (Coun. - Encoder Count il
| Marme
Count - Encoder Courk.
Revob.tion
Degree
Radisn
Arcminte
Arcsecond
£ g ]

The Advanced Parameters panel is displayed:

= Advanced Parameters

Note: specified und defindtion is only used I user defined unit is seledied a3 Feedback unit

Lar Dhafirnedd Lirit Matre = Funtion of | Cound - Erconder Cout L

Coaretion Factor |1

The Advanced Parameters option should be used with caution. Badly defined units
may cause serious problems with measuring the actual feedback.

1. Enter aunique parameter name in User Defined Unit Name.

2. Enter a mathematical expression in Function, you can use the standard arithmetical

operations:
>  +(Add)
> - (Subtract)
> *(Multiply)
>/ (Divide)

The function is used as a conversion factor applied to the selected standard unit. For
example: 2.71828%*1.41421 (e times the square root of 2).

Select a standard unit from the dropdown list in the of field.

4. Enter a correction factor (if different than 1) in Correction Factor. The correction factor is
used to correct the difference between actual movement (as measured by a laser
interferometer) and the software commanded move (indicated in the user units).
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The EFAC variable relates to many other configuration variables. While changing the
EFAC variable via the Adjuster, all relevant configuration variables are automatically

updated. Therefore, we recommend changing the EFAC variable only via the Adjuster
and not from other places, such as SPiiPlus MMI Application Studio Communication
Terminal or any application program

\_ J

6.7 Components

The Components step consists of defining the values for:

>  Motor
> Drive
> Feedback

At the end of the step the Adjuster Wizard calculates the parameters that are to be used and
inserts them into the appropriate program variables.

The screen shots presented in this step are for example only. The actual fields that
appear depend on the values set in the Axis Architecture step. See SPiiPlus MMI
[# Application Studio User Guide for details of working with these windows.

6.7.1 Motor

The first component for which you need to enter values is the Motor.

|.,.MMAMM:WIEI.:—_| =
“fiou are working with fods: Aok 0 (X) -
Select Task
Ekiokzation Components: Motor
Ay Archibecture Mot
Cormponents
S L Mot m + '@ i
A Daiwve
Feadback Topology
4 motor Type i Fophase D Brushiess{AC Servo —
Caloulate Parameters
Safety and Protection Pesk Currért [A]* 0.6
Miscellaneous Definitior (oo [a)* 0.5
Verification
Asis Setup and Tuning Maccien_m Viskocikty™ el w IE+004
Save to flash
Final Page Mumber of Foles® 8
Btk EMF Constant VRRRPM) w (o1
Fhass Connection Star | Wye Phass -

Fhiase Resistance [Q] 1

Sesial Muber 585855559
Remarks
H Update in databuse [S) Déscaed changes

Companents: Mokor shep provides the intesface b defing the matcr parameters for the motor being used in the cument Adjster session. If cértan A .
imobir paramekens are not known refir bo the bodktiss for guidance on how ta approdimete the vakues. [t is Nighly recammended to spedfy the mabor || | <% Bk Next > Cance

Data must be entered in all the fields. The data is entered by selecting the appropriate value from
the dropdown list of each field or entering the values taken from the motor’s technical data sheet.
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In entering the values the incompatibility icon ("-E' ) may appear. Check the tool-tip. If it
states that there is incompatibility between components that have not been set yet,
ignore it. Continue to set component values.

% However, do not forget to go back after all the components have been set up and
ensure that it no longer appears. If it still appears, then resolve it by changing the
component's values or changing the Axis Setup values.

\_ J

Once you have entered all the values, click Next to define the Drive component.

6.7.2 Drive
The second component for which you need to enter values is the Drive.
|- #hvowi Bosrd - Adstor wWizard...| x
ou ane working with fxis: Axks 0 (X) -
Select Task
m,:::m Components: Drive
s Architecture Drive
Components
&, Motor Balon + g I
= Ay Drive
Foedback Cortrober-Drive Trterface | Anaksg (£10V) -
c::a:fnm«; Type A Three phase, commutation by drive -
Safety andProtection Pask Currare [A]* 1
Miscellanveoas Definition
Werification Momanal Cuerenk [A]* 5
#oxis Setup and Tuning
Save toflash Supply Input Voltage Type |4 Vokage
Flont oot Supply Tnput Vokage [VI® (24
Frequency [Hz)* ]
Serial Bumber SB-55847
Pafrarks
M Update in database: & Discard changes
Companants: Drive shep provides the interface bo define the For tha drive being in the current Adjuster session. IF oertain -~ Cancel

drives parsmabers are ot briown refer ko tha took-tips For guidsnte on how bo sppecoimaste the vakuas, Be sure that the selacted drive is compatble. - | <% Bagk Haut >

Data must be entered in all the fields. The data is entered by selecting the appropriate value from
the dropdown list of each field or entering the values taken from the drive’s technical data sheet.

4 )

In entering the values the incompatibility icon (%) may appear. Check the tool-tip. If it
states that there isincompatibility between components that have not been set yet,
ignore it. Continue to set component values.

% However, do not forget to go back after all the components have been set up and

ensure that it no longer appears. If it still appears, then resolve it by changing the
component's values or changing the Axis Setup values.

_ J

Once you have entered all the values, click Next to define the Feedback component.

6.7.3 Feedback

The third component for which you need to enter values is the feedback.
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| #tiew Board - Adpaster Wizard | *
Yo ane working with Axis: Aatis 0 () .
| select Task
| Initisiization Components: Motor Feedback
| Asiis Archibedture
¥ Moter Specfy Feedback device here; o press "+ button bo input new feedback name o o ol
" Crbver
Feadhack
& iy ot
Caloulate Parameters

i Safety andProtection

froup

i Miscellancous Definitios
i Werification AL a5
Axis Sebup and Tuning
Save to flash

. Final Page — =1 ||

M ®

} | Componenks: Motor Fesdback step provides the interface o define the moter fesdback parametars for the Feedback davice being used in the cument ~
i Adjusher session. If certain feedback device parameters are not known refer bo the tooktips for guidance on how to approximate the values, Ba are

The Feedback component can be either the Motor, the Load, or both depending on
% what you defined in Feedback Topology in the Axis Architecture step.

Data must be entered in all the fields that are active (many, you will note, have already been
selected by Adjuster from data that you have previously entered for the Drive and Motor
components). The datais entered by selecting the appropriate value from the dropdown list of
each field or entering the values directly in the fields.

For absolute encoders, see Absolute Encoder Setup Procedure.

( )

In entering the values the incompatibility icon (4%) may appear. Check the tool-tip to
——| see whatis causing the incompatibility. If it is a value of a previously set up component,
——] thenreturnto the component and either change the component’s value, or make
changes in the Axis Setup.

Make sure that all component incompatibilities are resolved before continuing.
%

q J
Click Next to advance to calculate and apply the feedback parameters.

6.7.3.1 Absolute Encoder Setup Procedure

To setup the absolute encoder, use the following procedure:
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1. Prior to the setup, verify that the controller has a license for the specific encoder type, as
well as hardware support. This can be verified by using the SPiiPlus MMI Application Studio
System Information Viewer or the #SI command.

2. Use the SPiiPlus MMI Application Studio Adjuster Wizard to do the following:
> Up tothe Components:Feedback step, setup the axis normally.
> Inthe Components:Feedback step, type the encoder parameters.

> Set the encoder parameters as follows:

For details of the variables and their permissible values, see the SPiiPlus ACSPL+
% Command & Variable Reference Guide.

> Type Absolute Encoder BiSS-C: in the Communication Terminal, set the absolute
encoder BiSS-specific parameters E_PAR_A and E_PAR_B according to technical
documentation for the encoder.

> For Type Absolute Encoder HIPERFACE: in the Communication Terminal, set the
absolute encoder HIPERFACE-specific parameter E_SCMUL according to technical
documentation for the encoder.

> Return to the Adjuster Wizard and click Next.
> Inthe Calculate Parameters step, click Calculate Parameters and then click Apply changes.

3. Continue to setup the axis using the Adjuster Wizard.
6.7.4 Calculate Parameters

At this stage, the Adjuster Wizard verifies that the Axis Architecture, Motor, Drive and Feedback
definitions are all compatible with each other.

If an inconsistency is detected, a prompt is displayed about it with recommended solutions.
— _
If there are no inconsistencies, click: ‘— Caiculsts Paratresters |

The Adjuster Wizard calculates the values for the controller parameters and displays a table with
each parameter name, its old and its new value, for example:
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Calodate Parameters
i Cakculste | Apphy changes
=1 Yiew cortrolier parameters
Ll & Existing Valus Caloulated vl
> €_FREQ EN .
SLCPRD =i i i Eliiil
WELERE o 6. 66666 7E +006
HACC 1E#007 &, SEEEETE +006
HOURT =i 3
wouRy 100 [
IRME {2} 5
AVEL JES00 . GEEEE TEHDDS
Click: Apply changes and click Next to advance

to the next step.

6.8 Safety and Protection

The Safety and Protection step enables you to set certain safety and protection variables. There
are a total of four possible types of Safety and Protection parameters that you can set.

The actual number of parameter types and parameters available to you depends on
% what you defined in the Axis Architecture and Components steps.

The Adjuster Wizard displays values it has calculated in the window of each type. You have the
option of changing these within the limits of valid values. For details of the variables and their
permissible values see the SPiiPlus ACSPL+ Command & Variable Reference Guide.
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6.8.1 Motion Parameter Limits

|- #hiow Board = Adustr Wizand .| [
‘You are working with fs: Axis 0 (%) g
Select Task

Initialzation Safety and Protection: Motion Parameters Limits
Motion Paramaters Limits
Safety and Protection b Vielocity [count(s)fsec]: GE6666TE+005

M Accsteration [courtis)fsec™ 2} | 6.66666TE +006

Safeby and the sbiity ko define the madimunm velocty snd madmum sccsberstion lmits. Defaukt z|
mmﬂmmwmnmwmw Fusber b Es bood- g Pox fiine InforTiion regerding the specli porbincber | o= Badko| | Newbox| | Cancel |

This window is used for entering the Maximum Velocity and Maximum Acceleration Limits values.

>  MAXIMUM VELOCITY (XVEL) [UNITS/SEC] - The maximum allowed value is automatically
calculated based on motor parameters that were defined in Components step. Letting the
mouse cursor linger on the field displays a tool-tip quiding you in permissible values.

XVEL is used as a scale factor for other adjustment variables. Therefore, it isimportant

to define a proper value for it. Defining a value that is not reasonable for the feedback
characteristics and required velocity of your application will lead to poor adjustment

results.

> MAXIMUM ACCELERATION (XACC) [UNITS/SEC?] - The Adjuster putsin a value based on
motor parameters that were defined in Components step. Letting the mouse cursor linger
on the field displays a tool-tip guiding you in permissible values.
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6.8.2 Current Limits
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This window is used for defining motor and drive protection parameters:

> Maximum Current In Idle State (XCURI) - The Adjuster Wizard automatically calculates the
value from the maximum torque/force required during standstill to overcome gravitation,
friction, etc.
If the value cannot be automatically calculated, that is, you have not specified gravitation,
friction, etc,, the parameter XCURI is set to default.
If you want to set values other than the value displayed, letting the mouse cursor linger on
the field displays a tool-tip quiding you in permissible values. It is recommended to set this
value at the minimum current level required by the motor to keep the axis in position. The
value should not exceed the XCURV value.

> Maximum Current In Moving State (XCURV) - The value is automatically calculated
according to minimum of either maximal acceleration (XACC) or motor peak current that
you have specified.
If you want to set values other than the calculated one, letting the mouse cursor linger on
the field displays a tool-tip providing guidance in changing maximal acceleration or motor
peak values. XCURV = [allowed motor peak current / drive peak current] x 100. Refer to
the drive and motor specifications for these peak values.

> Overcurrent Fault detection - The following numeric controls defines Overcurrent Fault
detection criterion:

> RMS CURRENT LIMIT (XRMS, XRMSD, XRMSM) - The value is automatically calculated
based on motor/drive parameters that were defined in the Components step.

If you want to set values other than the calculated ones, letting the mouse cursor
linger on the field displays a tool-tip guiding you in permissible values for the motor
and/or drive current limits. XRMS, XRMSD, or XRMSM = [allowed motor nominal current
/ drive peak current] x 100. Refer to the drive and motor specifications for these
values.
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>  RMS CURRENT TIME CONSTANT (XRMST, XRMSTD, XRMSTM) [MS] - This is the time
interval for checking whether an overcurrent fault has occurred.The overcurrent fault
activation time is according to the following formula:

faultactivation = In ((1 - XRMS/DCOM)“') x XRMST

For example: if XRMS=50, DCOM = 100 and XRMST = 3300 msec, then fault activation
time = -In (0.75)*3300 = 950msec.

To calculate the fault activation time for XRMSD use XRMSTD; for XRMSM use
XRMSTM.

If you click the Advanced down arrow, the Adjuster displays a graph of the Overcurrent Fault
Detection:

RMS Tieme Constart GE+004 ms

81 82 53 54 55 5.6 L 8 59 B0
current [%]

When you change parameter values, you can see the effect on the graph.
Setting current (torque) limits example:
> Drive specification: peak current 20A, nominal (continuous) 10A.
> Motor specification: peak current 10A, nominal (continuous) 3A.
In this case:

> XCURI = minimum current level required by the motor to keep the axis in position, and less
than XCURV (which is 50%).

> XCURV = (10/20)*100 = 50%.
>  XRMS = (3/20)*100 = 15%.
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6.8.3 Position Errors

|- #hiew Board « Adwuster wad | [
‘You are working with fcs: Axis 0 (%) [
Select Task

Initialization Safety and Protection: Position Errors
Critical Posikion Ernos Fault Detection

Safety andProtection | e Pition Ervor whils Ide [count{s)) 1000
(Crithel Possbion Ervor whis in Corstant Velocy [count(s)] 1000

= o Posbion Ervors ritical Poskion Ermor whils Accsirating [countis)] 1000

Safeby and ides the shilty to define the criberia for the critical and non-critical pastion error detection, Reférte A
hwrmmemmwmhm&kwmﬂ A bime dagram i provided in the Advanced Parameters section b show the | << Back | |1+~ Cancel-|

This window is used for defining Critical Position Errors criteria:
>  (Critical Position Error While Idle (CERRI)
>  Critical Position Error While In Constant Velocity (CERRV)
>  Critical Position Error While Accelerating (CERRA)

If you click the Advanced down arrow, the Adjuster displays the following:

“ Advanced Parameters

Nan-critical Poskion Error Faulk Detection

100

Pasion Error while in Canstank Velocky [count{z)] 100
Fosttion Error while Accelersting [count(<]) 100
Mation Fhass Transiien Delsy
Ming-to-ldle Trangiion Delyy [ms] 50
Acnelersting-to-Moving Transition Delsy [ms] 50
v
|PE| > ERRI | |PE|> ERRA IPE| > ERRY 1PE| > ERRA PE| > ERS

o or o o o
(IPE| = CERRY) (PE| >CERRA) | (|PE|>CERRV} | (|PE|>CERRA) | (PE| > CERRY
- - - - .

Vs

A following error occurs when there is a difference between the reference (desired) position
(RPOS) and the feedback (actual) position (FPOS). A following error fault occurs when the following
error exceeds a user-defined threshold. Following errors are defined per axis and in User Units.

Y,

\ [=

There are two following error faults:

> PE (position error): A following error fault that is still considered part of normal operation.
Normally, the user can program a condition based on this fault.
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>  CPE (critical position error): A following error fault that is considered an abnormal
operation.

See more in the SPiiPlus ACSPL+ Programmer's Guide.

gach of these faults has three user-defined thresholds. The applicable threshold depends on the
current motor state:

> |dle (motor not moving): ERRI (position error in the idle state), CERRI (critical position error
in the idle state).

> Constant velocity: ERRV (position error in while in the constant motion state), CERRV
(critical position error in while in the constant motion state)

> Acceleration: ERRA (position error in while in the accelerating state), CERRA (critical
position error in while in the accelerating state)

For example, when the motor is in the idle state, the criteria for determining whether there is a PE
fault is ERRI and the criteria for determining whether there is a CPE fault is CERRI.

( )

Itisrecommended to assign high following error fault thresholds for the duration of
the configuration and adjustment process. This will accommodate the process while

% maintaining @ measure of safety. Once the process is completed, the thresholds should
be reduced to minimal levels.

\_ J

If required, delays can be configured to cause the controller, after changing motor state, to wait
before it starts to check whether the following error has exceed the threshold associated with the
new state.

> Moving-to-ldle Transition Delay (DELI) Time (milliseconds) to wait on transition from
acceleration state to idle state.

> Accelerating-to-Moving Transition Delay (DELV) Time (milliseconds) to wait on transition
from acceleration to constant velocity state.
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6.8.4 Position Limits

|1+ #tew Boaed - Adster Waard .. ®
Yo are working with fxis: Auxs 0 (X) -
Select Task
A Safety and Protection: Position Limits
jods Architecture: Postion Links
Lompaaents

Safety andProtection Allow Soft Upper Position Limet: Fault detection

o Motion Parametees Lir
" Current Limits
' Poskion Errors Aow Soft Lower Poskion Linik Faul detaction
= " Fostion Limts
Miscellaneous Definitior el
Verification
#ards Setup and Tuning
Save bo llash
Final Page

guhrand ::m:.whmﬁwwmiﬁﬁh shiity bo défine software poskion lmits. Refer bo the book-tips For mors information regarding e — E "

This window defines Software Position Limits and enables you to select:

> Allow Soft Upper Position Detection (SRLIMIT) - If Software Right Limit Mask is selected,
then the controller examines the fault and kills the motion that is beyond the defined limit.

> Allow Soft Lower Position Detection (SLLIMIT) - If Software Left Limit Mask is selected,
then the controller examines the fault and kills the motion that is beyond the defined limit.

6.9 Miscellaneous Definitions

The Miscellaneous Definitions step enables you to set certain variables. There are a total of four
possible types of variables that you can set.

The actual number of parameter types and parameters available to you depends on
% what you defined in the Axis Architecture and Components steps.

The Adjuster displays values it has calculated in the window of each type. You have the option of
changing these within the limits of valid values. For details of the variables and their permissible
values see the SPiiPlus ACSPL+ Command & Variable Reference Guide.

6.9.1 Motion Completion

There are two variables, both optional, for which you can enter values:
> Target Radius (TARGRAD)
> Settling Time (SETTLE)

To aid your understanding a diagram is included showing the meaning of the two variables.
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bl Board - Adiastor Waard .| ]
“You are working with Axis: Axis 0 (X) =)
Select Task .
. Miscellaneous Definitions: Motion Completion

Erdlof
Components
Safety andProtection Target Radhss [sourkis)] 1

Miscellaneous Definitsor  Satting Window Time [ms] 0
S o dotion Compdetion
Enatie [ Disable [ Brak Shown in detail in

Dynamic Brake M next figurs
foeosan c 1
Verification o / '
s Setup and Tuning b4
Save to flash 7]
Final Page Q
o
Motion Time | _ Time
Motion | Motion
Start Complete
Event Event
Maotion
Complete
S Event
c
E 2 * TARGRAD
= . wvariable
w {user units)
o
o Feedback variable
Pasition (msec)
Motion Time | ~ Time
Motion Motion
Start Complete
Event Event
“mﬁfwmmwwmmtw““ﬂmmhmﬂww?“ Eu’a;t‘;l'i: 3 | << Back | El | P——

6.9.2 Enable/Disable/Brake

This window is used for defining the Enable operation and Mechanical Brake timing.
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|#tiew Board - Adiuster Wiard .| -
“You are working with Axis: Axis 0 (X) [
Select Task
A Miscellaneous Definitions: Enable I Disable | Brake
s Architecture Conard Delay
Components || Protracted Enable
Safety and Protection
Miscellaneous Definition [Enable Delay [ms] 50
" Motion Comglation
B o Srabis Dot St TPkl raks
o Dynasc Braks e/ Lise Machanical Brake
v Homa Sultch Brake Reloass Time [srs] |50
Aok Setup and Tuning IBrakes fctivation Time [me] |50
Save to flash
Final Page {Grake Gutput
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e [N T h) e i\\
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The variables you can define are:

> Protracted Enable - This is optional, but if you select it, you must put a value in Enable
Delay (ENTIME). The controller delays the Enable GUI by ENTIME mSec.

> Use Mechanical Brake - You need to select this only if the application has a mechanical
brake; otherwise leave it unselected. If you select it, you have to enter values for:

> Brake Release Time (BOFFTIME) - This value can be positive or negative and sets
when the brake is released.

> Brake Activation Time (BONTIME) - This value can be positive or negative and sets
when the brake is applied.

You are also informed of the Digital Output variable (OUTx.x) that will contain the state
% of brake. Make sure that you include it in your program to test the brake status.

The Digital Output variables for the SPiiPlus family of products are given in the following tables.

Table 5-1. Digital Outputs for Brake Control in SPiiPlus

Digital Output Controls Mechanical Brake for Axis

OuT1.0 0
OouT1.1 1
OouT1L.4 4
OuT1.5 5
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Table 5-2. Digital Outputs for Brake Control in MC4U

Digital Output Controls Mechanical Brake for Axis

OuTO0.0 0
OUTO1 1
0ouTOo.2 4
OouTO.. 5
OouT0.4 2
OUTO0.5 3
OuUTO0.6 6
OouTOo.7 7

6.9.3 Dynamic Brake

This window enables you to activate (or deactivate) the dynamic brake.

This option is active only for those axes having a built-in drive.
=

| #tiew Board - Adiuster waard. .| £y

You are working with Axis: Axis 0 (X) g

g ~ Miscellaneous Definitions: Dynamic Brake

Indtialization
ads Architectue Crymiaenic Braska
Jomponens 8 Uise Drynamic Brain

Miscellaneous Definitior Threshold Velocity [courtis)feec] | 1.333333E+006

Miscellaneous Defindior:s: Dymamic Brake step pr abllty to activabe or the dynamic brake, The threshold velocky can alo be E |
spechiod. This Feature ks only arvadable For an nxis with o bult-n drive. o |o<<pacc | et >> | | cancel |

You activate a dynamic brake by:
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> Selecting Use Dynamic Brake (this sets the MFLAGS#DBRAKE bit for the axis), and then
> Entering a Threshold Velocity (VELBRK) value.

Refer to SPiiPlus ACSPL+ Command & Variable Reference for details.

Braking will occur when the following two conditions are met:
1. The motor is disabled.

2. The feedback velocity (FVEL) is less than VELBRK.
6.9.4 Home Switch

This window enables you to specify a digital input (IN) to signal when the motorisinits home
position.

|- #hiow Board - Adustor Wiaand .| x

‘You are working with fws: Axds 0 (X)
Select Task

Inkiakzation Miscellaneous Definitions: Home Switch
#ads Architectune Home Serkich
Components
Safety andProtection "% SrichInged [Hone
Miscellaneous Definition

/' Mation Completion

o Erustibs [ Disable [ Brak

[rymvamec Erab

S o homa St

Werilication
s Setup and Tuning
Save to llash
Final Page
1 Home Switch e ablity to specfy & dighal input & the Home Switch input.

etk | [ Next 3> | | cancel

The Home Switch can be None or you can select the digital input variable from the Home Switch
dropdown list:

Home Switch Tnget None j
I
™0.11
012
013
.14
.15

6.10 Verification

If you have Sin-Cos encoders in the system, before doing this step, perform Sin Cos
% Encoder Compensation Window and then return.

The Verification step examines the values you have entered and verifies that they are valid.

Verification is performed on the following:
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> Feedback devices

>  Limit switches
> Hardware Emergency Stop

>  Mechanical Brake

There are three “LED” indicators used throughout the Verification windows:

- Indicates that the item passed verification
. Indicates that the item failed verification
-~ Indicates that the item is not active

6.10.1 Feedback

This window verifies that the feedback values are valid.

| dtbew Board - Adiuster Ward
“our are working with Axis:

Axis 0 (%) o
Select Task y
. Verification: Load Feedback
jJuds Archibecture Frastscibaasch, Position 1.1995E +004 count{sh 144T24E+005 RS
Components 5
Safety and Protection | SatTo Lo
Miscellaneous Definition
Verification @ 1o posuin 1o counfs) |0 | counts
Fesdback
P v Load Distance Between Last | COER(E) | RS
o Swkches el
o Shop, Alwm snd Brake (<0 Last latched indeses list
s Setup and Tuning
Save toflash @  Encoder Mok Connected Crar Fansis ]
Final Page
&  Encoder Emoe
I Encader Direction Inversion
Werfication: Load Peecback step provides the obiity verify th o h 1f the Hal dwededin A/ | 1§ [ i
the Componsnts: Load Feedback steg an addiional step s pravided to verfy the propes oparation of the Hall Sensors, Refer to the bookbps for more || |1+ << Back | | Next > | |- Cancal.|

Depending on what you defined in Components, the window displays the values for:
> load

>  Motor

If you have defined both Load and Motor as feedback components, there is one page
% for Load and one page for Motor.

In this window:
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> (Check that there are no encoder faults.

> (Check that encoder countsin the right direction. If it does not, click the Encoder Direction
Inversion check box to reverse the direction

> (Check that the index is working properly by manually moving the motor. The motor should
be moved slowly to ensure that each index is latched and displayed.

> (Check that calculated distance between indexes is correct.
To set the feedback (FPOS) to a particular value:
1. Enter avalue in the Set To field.
2. Clickl ®etTe | _thjs resets the position and the Adjuster starts counting from this
position.

You can view a list of the last latched indexes by clicking the down arrow of the Last latched
indexes list. To clear this list click Clear List.

There are two LEDs in this window relevant to the encoder:

> Encoder Not Connected Fault (FAULT.#ENCNC) - green indicates that this fault was not
detected.

> Encoder Error Fault (FAULT.#ENC) - green indicates that no encoder fault was detected.

If you selected Hall Sensors in Components: Feedback, the following is displayed:

sl Ssnsors

L =]

“ A

Hal Stabe Trarskions Hstory

The connection sequence of the three Hall Sensors is not important. You only have to verify that
the three Hall sensors are connected and the Hall counter counts 0,1,2,3,4,5 or vice versa. It does
not matter if the Hall counters count opposite to the encoder. This will be identified and taken care
of during .

The diagram shows:

> Feedback Position (FPOS) - the position in user units.

> Hall State - the Hall State transitions: 08182838485 or 5848382130,
The history of the Hall State transitions is displayed under the diagram.

To test the Hall Sensors:

Rotate the motor by hand in one direction. The diagram should show the expected Hall state
transitions.
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Rotate the motor by hand in opposite direction. The diagram should show the expected Hall
state transitions.

Correcting Feedback Values that Fail Verification
Where feedback values fail verification:

1. Return to the Components:Feedback step by clicking Components in the Task List, then
click Feedback. The Components:Feedback window is displayed.

2. Click Edit (=) and enter a new value or values.

Those values that can be changed are displayed in bold face. Values that cannot be
% changed are grayed out.

3. Click Update in Database and click Next. The Components:Calculate Parameters window is
displayed.
1 #hlow Board - Adpuster Waard ®
‘You are working with Axis: Axis O (%) v

i Components: Calculate Parameters

Initialization

Components
" Mator —
" Drive
Fendback
" Load (Primary)
¥ Moker (Secondary’.
% CakulateParameters
Salety and Protection
Miscellaneous Definitior
Werification
Azis Setup and Tuning
Save to flash
Final Page

e Caloulat bty kulste controler parameters based on the infarmation the: usar input in the pr o
-

At sops. A data o wlb shows th any cantrobes parameters the vl be updated, e | g | ol

4. Click Calculate Parameters then click Apply changes.
Adjuster recalculates the values of the low-level controller parameters and applies them
to the appropriate variables.

5. Click Verification in the Task List to return to Verification and check if the new value(s) pass
verification.

6.10.2 Switches

This window is used for verifying the that actual limit switches are properly connected.
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- #hew Bowd - Adnstor Waand .| x
You are working wish Asis: Asis O (X)
Select Task

Initialization Verification: Switches
Hadis Architecture Lk Swibches
Component s
Inverse  Allow
Safety and Protection Logic  Detection Toult Limit Swibch Position
Miscellaneous Definition
Verification Lower Position = . o counk(s)
Fsdback
" Miotor Upper Position b . o count{sh
S o Swiches -
" Stop, Alams and Braks | Feedback Position |0 countish
A Setup and Tuning
Save toflash et To o counk{s)
Final Page

| w0 counkis)

mkthamhﬂgMHMhpﬂmmhhﬂmmm Refer to the bool-tips for more information : T e

Verification of Switch Operability

The LEDs indicate if the switches are properly connected or not. The switches are:
> Upper Position Limit (SAFINL.#RL)
> Lower Position Limit (SAFIN.#LL)

that you set in Safety and Protection:Position Limits.

If you have selected a digital input variable in MISCELLANEOUS DEFINITIONS:HOME
% SWITCH, its value is also displayed.

To verify that the switches are properly connected manually move the motor into the switch and
check if the Fault LED turns red.

If it does not turn red, this means that there is something wrong with the switch. Check its
connection and if it is operational.

Fault Detection Settings
You have the options of:

>  Enable/disable fault detection (FMASK.#RL for upper limit, FMASK.#LL for lower limit) by
selecting the appropriate check box.

If the bit is empty, the controller does not detect the fault.
=

> Inverting the detection logic (SAFINL.#RL for upper limit and SAFINL#LL for lower limit) by
selecting the appropriate check box.
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Feedback Setting

To set the feedback (FPOS) to a particular value:
1. Enter the value in the Set To field.

2. Clickl ®#tTe | _thjsresets the position and the Adjuster starts counting from this
position.

6.10.3 Stop, Alarm and Brake

This window verifies the status of Hardware Emergency Stop and Mechanical Brake.

| #how Boord - Adpstor Wazard | %
“ou ane working with fxis: Axis 0 (X) -

. A Verification: Stop, Alarm and Brake
Aadis Architecture
Components

Safety andFrotection Inverse | Alow | o

Logic Detection

Miscellaneous Definition
werification Emergency Stop - -
Feedback
v Mokor b Alarta e -
v Swikches

Werification: Stop, Al and Brake pravides the sbilly to define the paramesters for the Emergency Stop and to verfy the commect operstion of the | | ]
Mechricsl Braks. Rufer to the took-tips [ ion regarding the specfic par ; L o= Back Mt > Cancel

The window shows the status of the:
> Hardware Emergency Stop (S_SAFIN.#ES)
> Drive Fault / Laser Fault (SAFIN.#DRIVE)
You have the options of:

> Enable/disable fault detection (S_FMASK.#ES for Hardware Emergency Stop and S_
FMASK.#DRIVE for Drive Fault / Laser Fault) by selecting the appropriate checkbox.

If the bit is empty, the controller does not detect the fault.
=

> Inverting the detection logic (S_SAFINI.#€S for Hardware Emergency Stop and
SAFINIL.#DRIVE for Drive Fault / Laser Fault) by selecting the appropriate checkbox.

To set the feedback (FPOS) to a particular value:
1. Enter the value in the Set To field.
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2. Click!®etTe  |_this resets the position and the Adjuster Wizard starts counting from
this position.
If you defined a Mechanical Brake in Miscellaneous Definitions:Enable/Disable/Brake, then
you have the option in this window of defining the mechanical brake output by activating
it manually, that is, without an ENABLE command by clicking the associated box.

3. When you are done, click Next to go to the next window.
6.711 Axis Setup and Tuning

The Axis Setup and Tuning step enables you to fine tune your system. There are a total of six
possible options:

The options that are available to you depend on the definitions you entered in
% Components.

> Current Loop

Current Loop enables you to adjust the current loop. Adjustments are done by entering
values in the required fields and viewing their effect on the Scope. Thisis covered in
Current Loop and Current Phase Offset Setup.

>  Current Phase Offset

Current Phase Offset enables you to verify, and, if needed, adjust the values of the current
phase offset. This is covered in Current Loop and Current Phase Offset Setup.

> Commutation

Commutation enables you to adjust motor commutation and generate a commutation
startup program.

Commutation applies only for DC brushless (AC Servo) motors. It will appear in the
% Adjuster tasks only if motors of this type have been defined as part of the system.

This is covered in Commutation.
> Open Loop Verification

Open Loop Verification enables you to check if the motor responds correctly to the drive
command, that is, the motor velocity should be in the same direction as drive command.
Thisis covered in Open Loop and Position Verification.

> Position and Velocity Loops

Position and Velocity enables you to tune the position and velocity loops in order to
optimize the servo system performance. This is covered in Position and Velocity Loops.

> Position Verification

Position Verification is relevant only for open loop modes and enables you to verify that
the actual move corresponds to a commanded one, and make changes where necessary.
This is covered in Open Loop and Position Verification.
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7. Current Loop and Current Phase Offset Setup

This chapter covers Current Loop and Current Phase setup and tuning procedures of the SPRiiPlus
MMI Application Studio Adjuster Wizard Axis Setup and Tuning step of the Setup New System or
Controller Task.

7.1 Current Loop

Current Loop enables you to adjust the current loop.

a )y
Current Loop adjustment applies only to:
> PWM, Digital Current Control, controller-drive interface with:
> DCbrushless/AC servo motor (two or three phase)
> Step motor (with feedback, close loop)
% > DCbrush or single phase motor
5 > ACinduction motor
> Analog (x10V), Digital Current Control, controller-drive interface with
> Three phase DC brushless/AC servo motor

> DCbrush or single phase

_ J

Two current loop tuning methods are available:

> Auto tuning - The auto tuning process calculates the current loop parameters from values
measured by the frequency response.

> Manual tuning - The manual tuning process calculates the current loop parameters from a
step response with parameters you set. Manual tuning is optional.

Auto tuning

The calculated current loop parameters are:
> The Proportional Gain (SUKP)
> The Integrator Gain (SUKI)

1. Tostart the auto tuning process, click Start Auto Tuning.
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| BMOO2698E3 - Adpuster Wizard. | -
You are working with Axis: o 1 (V) ;
B s "Axis Setup and Tuning: Current Loop
Initialization
Axis Architecture || Baustos Turing
Components o
Safety and Protection [7] Use initiad Parame ters During Measirement (Cptonal)
Miscellanecus Definitions | Start Auto Tuning || e
Verification e Tk
Axis Setupand Tuning
& ComentLogg Cantrol Parameters
Currant Phas aOffs st i (Preportonal Gai) =
¥ Comemutation
+ DpenLoop Verificstion I (Integraitor Gain) 25000
Positian and Velocty Loope 7] Manusl Turing (Optional)
Sattings and Identifiation (ual 520
Basic Tuning Respone
Bandwidth and Stability Verification
Advanged Tuning
Position Verifioton
Save to Flash
Axis Duplication
Final Page

Bods Setup and T mwwmmumum arrent loop to opbimize the A
perfarmance of the L"l?h:rndh! This step is only applicable for contral modules with internal drives. | << Back ” Neot = ” Cancel |

b |

4 A

> When the auto tuning process starts, the Start Auto Tuning button changes to
Stop Auto Tuning and the LED next to it flashes "green".
=

> When the auto tuning process is complete, the LED returns to "gray" and Done
shows to the right of it.

2. When the auto tuning is complete, click Next to go to the next adjustment.
Auto tuning with Use Initial Parameters During Measurement (Optional)

If necessary, the current loop auto tuning can be done from initial parameters that you set. The
parameters are:

> Motor resistance phase-to-phase
> Therectified bus voltage
> Initial excitation current
To start the Auto Tuning process with the optional Use Initial Parameters During Measurement:
1. Click Use Initial Parameters During Measurement (Optional) check box.
2. Enter the valuesin the applicable field.

3. Select Start Auto Tuning.
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| F900269883 - Adpaste: Wizwd | [
You are working with Awds: Axis 1 (¥) |
s T T T T ——
Initialization
Axis Architecture o] Aust Tuning
Conmpenents o Juse Iritial Parameters During Measunement (Ontional)
Safety and Protection
Miscellancous Definitions R pp [Ohm]
Verification
Vous [V] OC
Axis Setup and Tuning M
@ o Curef Loop 1 aurrent [%] Ip) 2
Current PhaseOffset
| Start futs Turs
+ Commutation .
+ DpenLoopVerifioson [sxe] Five: Tusming
Position and Vielodty Loops
Settinge and Identifiction e
Basic Tuning P (Froportional Gain) |45
Bandwidth and Stability Werificlion I (Integrator Gain) 25000
Advanced Tuning . i
Position Verification [—_w'm (Cptional)
Save to Flash || Step Response
Axis Duplcation
Final Page

: E ]
performance of the intemal drive. This sten is only applcable for control modules with intermal drives. ;|| << Back | Nea >> 11 Cancel |

4.  When the auto tuning is complete, click Next to go to the next adjustment.

Fine Tuning

When Auto tuning is complete, a Fine Tuning process can be done. Auto fine tuning is only for
PWM drives with good linear properties. You can do fine tuning for three different types of drives:

> Weak (PWM drives with poor linear properties)

> Normal (PWM drives with good linear properties)

>  Strong (PWMdrives with good linear properties)

1. To start fine tuning, click Fine Tuning drop down icon to show the different tuning levels.

2. Select the applicable drive.

3. Click Fine Tune.
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CADOODOTA - Adguster Wizaed | ]
Yiou are working with Ads: Aoxts 0 [X) o
e
Initialization ;
Axis Architecture o) st Turing
Salety aad Protectisn || | | Use Initial Parameters During Measurement (Optional)
Miscellaneous Definitio | StartAutoTuning | gy Done
Verification || Finee Tuning
Axis Setupand Tuning
& " Corentloog Tuming Level | Mormal o | Fire Tune
Current PhaseOffset | Hame
v Commutation Control Paran Weak
+ OpenLoop Verficsc § froportonal Homal
+ Position and Velodty
i O
BasicTuning || Manual Tuni
Bandwidth #nd 3 || Sten Reep
Advanced Tuning e
Positicn Verifiabon
Save to Flash
Axis Duplcation
Final Fage

Auds Setup and Tuning: Current Loop step provides the shiity to aduest the current lop to optimize the Al
performance

af the intermal drive. This step is onfy sopicabis for contral modids with nitermal drives., | << Back || Met »> || Cancel

4.  When the fine tuning is complete, click Next to go to the next adjustment.

Manual Tuning (Optional)

If you select manual tuning, you can set the proportional gain (SLUIKP) and the integrator gain (SUKI).
1. Click the Manual Tuning check box.

2. Enter the valuesin the applicable field.

Version 3.02 89




SPiiPlus Setup Guide
7. Current Loop and Current Phase Offset Setup

|- Me00260883 - Adpuster Wizsd | -
You are working with Axds: Aods 1 (¥) -
o "Axis Setup and Tuning: Current Loop |
Initialization
Axis Archibecture (i) At Turing
ficee ] Use Initial Par. bers. Meanrement
Safety and Protection = ameters During {Opsonal)
Miscellaneous Definitions | Seartdwto Tuning | g
e |5l Fine Tuning
Ak Setup and Toning
AN Control Pacametars
Current Phase Offset L, Gar) =
" Commutation (Proc
¥ OpenLoop Verificton [ (Integrater Gain) 5000
Pogition and Velody Loops (] Marual Turing (Dptonal)
Settings and Identification i) ste
Basit Taning ]
Bandwidth snd Stability Verfficaion  Curent Level 3333333 % 0.2 P
Advasced Tuning Puise - M

Position Yerificbion
Save to Flash
Axis Duplcation
Final Page

| Chedk Step Response | g

Aus Setup and Tuning: Curment Loop step provides the abdity to adiust the asment loop to aptmze the
performance of the internal drive. This step i only appioable for control modules with inbernal drives.

[ L] |

| << Back || Med > || Cancel |

3. Click Next to go to the next adjustment.
Step Response

Use step response to verify the proportional gain and integrator gain. The required parameters to
do a step response are:

>  Current level
> Pulse width

1. Tostart the step response, click the Step Response drop down box to show the
parameter fields available.

2. Enter the parameter values.

3. Click Check Step Response. A dialog box opens and shows the message.

New - SPiiPlis MM Application Studie 8

ﬁ Do you wank use Scope Autoset before Run?

| Riemember my selaction and do ot show agsn
Yes ! N

4. Select the applicable condition.

When the step response starts, the Check Step Respnse button changes to Stop and
% the LED next to it flashes "green".

5. To make adjustments on the signal:
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> Increase the Proportional Gain (SUKP) until the response waveform approximates a
square and a small overshoot appears, for example:

0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.91.05
> Increase the Integrator Gain (SUKI) by hundreds, until you get a narrow overshoot of
10% to 20%.
6.  When you achieve the optimal values, click Stop. Close the Scope.

7. Click Next to go to the next adjustment.
7.2 Current Phase Offset

The Current Phase Offset window enables you to verify, and, if needed, adjust the values of the
current phase offset.

Current Phase Offset applies to Analog (£10V) controller-drive interfaces with two or three phase
DC brushless (AC servo) motor connected to an external drive with two drive command inputs (also
known as a UV drive).

Theoretically, the drive should produce zero voltage in the three phases when the controller drive
commands are zero. If, however, the drive outputs have a bias voltage when the controller
commands are zero, this can be corrected with the SLBIASA and SLBIASB variables.

If the external drive is a current drive, it must be connected to the motor while doing the bias
adjustment. If it is a voltage drive, it doesn't have to be connected.
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| #thew Booed  Aduster Ward, .| =
“You are working with Axis: Axis 0 (X) *

i Axis Setup and Tuning: Current Phase Offset
ok Architecture st Motor

Safety and Protection Currert Phase Offsst
Phase it Offset | DL192749 (% max cuerent)

#ads Setup and Tuning Phase 5 Offset 0191406 (% ma ourerk)

#ods Setup and Tuning: Currenk: Phase Offsek step provides the abiity to adjust: the bias voltages that may exdst in the controller DAC cutptsorthe A |
drive anake irputs., The procedurs should be repated whenever a drive or controber is reploced, The procedure assumes that o brushless motor s & << Back by S

There are two current phase offset variables:

>

Phase R Offset (SLBIASA) which contains the maximum controller voltage output
(expressed as a percentage).

For integrated models: SLBIASA specifies the measured value of the current input bias of
Phase R.

For nonintegrated models: SLBIASA specifies the bias of the drive output. The controller
uses the value only for brushless motors commutated by the controller.

Phase S Offset (SLBIASB) which is used for defining the maximum controller current
(expressed as a percentage).

For integrated models: SLBIASB specifies the measured value of the current input bias of
Phase S

For nonintegrated models: SLBIASB specifies the bias of the drive output. The controller
uses the value only for brushless motors commutated by the controller.

Click Enable Motor and check that the LED turns green.

If the LED turnsred, this means that one or both values need to be adjusted, in which case, the
variables SLBIASA, SLBIASB have to be adjusted to bring both readings as close to zero as possible.
This can be done by a single voltmeter (or multimeter) as follows:

1.

Make sure that the value of the DOUT variable is zero (you can query it from the
Communication Terminal, for example: ?X_DOUT).

Connect the voltmeter between phase “R” and the motor neutral point, and adjust
SLBIASA to make the reading as close to zero as possible. A typical range is £10%. The
value can be either positive or negative.

Connect the voltmeter between phase “S” and the motor neutral point, and adjust
SLBIASB to make the reading as close to zero as possible.
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If the neutral point is not accessible, or the motor is connected in delta, you may create an
“artificial” neutral point by connecting three-phase resistors in parallel to the motor. The 3 resistors

should be identical, in the range of 4-10 kQ. Then you should measure relative to the artificial
neutral as shown in the following drawing:

a
Analog b o
Amplifier _ e

R=4.10k) R

1

When you are done, click Next to go to the next window.
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8. Commutation

Commutation applies only for DC brushless (AC Servo) motors. It will appear in the
Adjuster tasks only if motors of this type have been defined as part of the system.

8.1 Adjuster and Commutation

8.1.1 Commutation Overview

To understand how the controller provides software commutation for DC brushless (AC Servo)
motors, it helps to first look at hardware commutation in DC brush motors.

In a DC brush motor, a fixed magnetic field created by permanent magnets in the stator interacts
with the armature current flowing in the rotor winding. The interaction of the current-carrying
conductors with the magnetic field produces a torque (or force in the case of a linear motor). This
torque/force is at its maximum value when the magnetic field vector is perpendicular to the
resultant current vector.

The mechanical commutator of a DC brush motor distributes the motor current among the
windings such that the resultant current vector remains perpendicular to the magnetic field vector
at any position and speed. This process is referred to as commutation.

In a DC brushless/AC servo motor, on the other hand, an electronic drive takes the place of the
mechanical commutator, keeping the resultant current vector perpendicular to the magnetic field
vector by controlling the phase currents.

SPiiPlus motion controllers support three types of drives for 3-phase DC brushless/AC servo

motors:

>

Universal Internal Drive (such as SPiiPlus CM and MC4U drives). Commutation is performed
by the controller as part of its Field-Oriented Control algorithm.

Two-Input Drive (such as SPiiPlus SA controller or SPiiPlus PCl card with a Sine Wave
Brushless Amplifier). The drive receives two current commands from the controller,
reflecting required current for two of the motor phases. In this case the controller is
responsible for commutation.

One-Input External Drive (such as a SPiiPlus SA controller with an Analog Input Brushless
Amplifier). This drive receives a single current command from the controller (£10V),
reflecting the required current amplitude, and takes care of the commutation by itself.

Commutation needs to be done only for types1and 2.

8.1.2 Commutation Technical Details

The desired current for two of the motor phases will be:

Ia=1%cos (¢)
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Ig =1*cos (¢+120°)

where lis the amplitude of the current command and is the commutation angle (also referred to as
commutation phase) measured in electrical degrees.

The third phase current is dependent on the first two phase currents:

Ic=-(la+1g)

The three-phase currents generate aresultant current vector.

The commutation angle is dependent on the motor position:

d=k*CP+0O.

where CP is the motor position, kis a conversion factor between position units and electrical
degrees, and O is an offset.

The k factor is a constant that depends on the (rotary) motor’'s number of poles (or linear motor's
magnetic pitch) and the encoder resolution. The Adjuster calculates k according to the motor and
encoder variables that you specified in Axis Setup and Tuning.

The © offset keeps the resultant current vector perpendicular to the magnetic field. This offset is
determined by the controller during the commutation setup process. During this process a current
vector is generated, according to an arbitrary commutation phase 6. A position CPg where the
magnetic field of the motor aligns with this current vector is called a detent point. The offset © can
be calculated at the detent point as:

0 =0g - K*CPg +90°

Once this relation is known, the current vector can be kept perpendicular to the magnetic field,
thereby achieving maximum motor performance (maximum torque/current ratio).

Since the commutation angle depends on the motor position, the commutation process has to be
done only once for an absolute encoder but after every power-up for incremental quadrature and
Sin/Cos encoders - since the motor position is not known.

Therefore, when working with an incremental encoder and a DC brushless motor, commutation
setup must be executed after every powerup. For this reason you can use Adjuster to generate
and store a Commutation Startup Program.

8.1.3 The Adjuster Commutation Task

The Adjuster executes a program that performs Commutation Adjustment setup. The program
supports several commutation schemes (procedures). You select the most appropriate scheme for
your application. In most cases, the commutation scheme will include the following steps:

1. Find a detent point.
2. Identify the phase sequence both of the motor and the encoder.

3. (Optional): Verify variables (number of poles or magnetic pitch, encoder resolution) by
moving the motor several magnetic pitches and comparing the encoder feedback with the
expected results.

4. (Optional): Move to the index and save the commutation phase at that point to the
controller flash memory.

The Commutation Startup Program is an ACSPL+ program that is used to retrieve commutation. It
can be executed upon every powerup (once the system has been setup). The startup program can
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be based either on bringing the motor to a detent point (usually involves movement) or on
automatic commutation (COMMUT command see SPiiPlus ACSPL+ Command & Variable Reference
Guide), which is fast commutation retrieval using a closed-loop algorithm (and involving almost no
motor movement).

8.2 Performing the Commutation Task

r )
In both Commutation Adjustment and Commutation Startup programs that are NOT

% based on automatic commutation the motor is moved by moving the current vector,
# which pulls the rotor with it.

When the current vector is aligned with the magnetic field during commutation, the
motor can jump. The maximum jump is one magnetic pitch (180 electrical degrees) of
the motor in either direction. If the motor bumps into an obstacle, the commutation
@ setup algorithm will attempt recovery. The recovery may involve additional abrupt

moves.

To prevent possible damage or injury, it is recommended that the motor be initially
positioned at least one magnetic pitch away from any obstacles.
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When the page is first displayed, Preferences and Advanced Parameters are not

== displayed. Itisstrongly recommended that you expand both and view all the options
available to you.

8.2.1 Preferences

When initially setting Preferences, you should first use the default values (by clicking

% | Cofauk ). This will set the commutation parameters in accordance with the
" settings you have entered in previous steps of the Adjuster.
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Determines the amplitude of the current vector that is used for
commutation setup. The value should not exceed the nominal current
ratings of the drive and the motor. The default value is:

0.95 x XRMS, XRMSD, or XRMSM.

Things you should consider:

> Due to friction and load, a low excitation current may result in poor
Excitation alignment between the current vector and the magnetic field,
Current resulting in unsatisfactory commutation.

> 0Onthe other hand, too high an excitation current with a low
friction system (inadequate damping) may result in excessive
oscillation and even in mechanical damage.

It is recommended starting the commutation process with an excitation
current of 0.4 x XRMS, XRMSD, or XRMSM. If the results are not successful,
repeat this task with higher excitation current values.

Determines the velocity of the current vector during the commutation
process. During this process the motor position follows the current vector

h . : : : .
?/eefézit in order to align the magnetic axes. It isrecommended to set a velocity
Y lower than one magnetic pitch per second and higher than one fifth of a
magnetic pitch per second.
Settling

Window Time Determines the time assigned to the motor for settling at detent points.

In all the schemes except the powerup position scheme, the following
steps are performed:

> Settle at a first detent point.

> Move the current vector to identify the phase sequence.
Automatically correct for wrong polarity.

> If the feedback indicates that the motor has moved less than 50%
of the expected distance, it is assumed to have run into an
obstacle and the program tries to recover in the opposite

Retrieve direction.
Commutation > Retrieve the commutation phase according to the selected
Phase at scheme.

Considerations when selecting a Commutation Scheme:

1. Based on detent point: If the feedback device has no index, this is
the only scheme that can be used. If the feedback device does
have anindex it isrecommended to use one of the “index”
schemes so that the index can be used as an absolute reference
point for commutation phase retrieval at subsequent powerups.

2. Based onindex: Saves the value of the commutation phase at the
index paosition. This value can be used at subsequent system
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powerups to achieve the same commutation result. Six variations
of this scheme are available:

>  First Index in Positive Direction

>  First Index Next to Right Hard Stop

>  First Index Next to Right Limit Switch

>  First Index in Negative Direction

>  First Index Next to Left Hard Stop

>  First Index Next to Left Limit Switch
3. Other

> Powerup Position

> Hall Signals Transition

> Current Absolute Position

8.2.2 Advanced Parameters

Determines the initial value of the commutation phase, and, thereby, the
initial orientation of the current vector and the initial detent point.

By properly setting this offset, you can avoid an initial jump in a system
with a predefined startup position. For other systems it can be used to
determine a specific target position for the initial jump.

If no information is known about the relationship between the current
vector and the motor position, it should be set to 0 (the default).

Sets the maximum allowed distance for searching for targets (index or
limits). It is recommended to set the variable according to the operational
distance.

Causes the system verify the encoder and motor variables during the
initial commutation process. If the variables seem to be configured wrong,
a general message will be displayed stating that improperly configured
variables are a possible reason for failure. Once corrected, you will be able
to continue. In a case of more than 20% deviation between the defined
and measured pitch, the commutation process reports failure.

Displays commutation phase data (in electrical degrees).
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This option resolves a commutation loss due to improper incremental

Use Hall . . L
encoder-to-motor rotation counts. When this option is selected, the
Slgnals for . . -
. commutation angle is adjusted at each hall transition. In between hall
Continuous

Commutation*

Calculated Hall

transitions, a sinusoidal commutation is calculated based on incremental
feedback.

Compensates for Improper hall alignment and optimizes torque/force

Alignment .

roduction.
Offset* P
Number of A word of caution: Deviation between defined and measured pitch does
Magnetic not necessarily indicate poor commutation quality. For example, incorrect
Pitches to definitions of feedback variables may be compensated for by high friction,
Measure thus the deviation may be low but the commutation will be poor.

4 )
*0nly available when Hall Singals Transition is the selected option for "Retrieve
Commutation Phase at". This is the default condition if Hall sensors were selected.

You are working with Axis: Hods O |5
e ST GO
Tnitiakzation -
s Architecture Commutation Program | Standard | RuninBuffer 0 Il | Defoult 2|
Components.
Safety and Protection || Preferences
Miscellaneous Defisitio | £xqupen Curent 475 %5 of mandemum
verification
Hxis Setup and Tuning  Search Veloaity 2000 count(s)fsec
v Current Loop
w" Current Phas e Offset Setiing Window Time i o
S Commotaon Reftrieve Commutation — | m
" OpenLoop Vertfiate | 2% 3t M Sl Tt
Position and Velocty =% Advanced Parameters
Settings and Ider | gy Commutation Offset [0 degrees
[ # Basic Tuning
Bandwidthsnd S o
Advanced Tening  varify Control and
Position Verificsion  Feedback Parameters
Sawve to Flash Display Detaled ]
Aocis Duplication Commutation Results
Final Page Use Hall Sonais for
Caloulate Hal Algnment:
Offset
Humber of Magnetic
Fitches to Measre
Make sure that the unsolicited messages are not shown in Communication Terminal, otherwise the
commutation program output will be partially shown in Communication Terminal and partially in
commutatien program output window. ]
::Qfm;:'lmwn wfébwm';:&nﬁmmm:wwwmyu :: << Back || Next »> || Cancel |
§ J

8.2.3 Commutation Startup Program
Commutation Startup Program

The options that you have when setting the Commutation Startup program are illustrated in the
following diagram:
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Option 1 Option 2 Option 3
Commutation Adustmesnt C omavasation Adjustment Comamiut athon Adustment
Commamation Stanup Program Comimutation SLanup
Gineration Baged on Delém
Paint or on an Absolute i st il
Pasition {i.e., the Index)
After Each
Powerup L L | L ]
Direct commut Command Comamiation Stamup Starup Commatation Starup
Execution Program Execution Program Execution

Figure 7-1. Commutation Options

To set the Commutation Startup program:

1. Select one of the two Commutation Program options from the Commutation Program
dropdown list:

> Standard: Uses a built-in default commutation scheme that isincorporated in
Adjuster.

> User Defined: For selecting a commutation program that was previously saved in a
file (in this case you need to have prepared the Commutation Startup program
through Program Manager. A browser is displayed enabling you to search for and
load your program:

|23 Configuration Wizard ALK
|2 Configuration Wizard POK
| )Database

B
| ) Testall prg

| ] TestProgram! prg
| =] Testirogram.prg

U File name: |

|
Files of yper [Prograen " pea) | Cancel |

2. Select the required buffer for storing the Commutation Startup program from the Run in
Buffer dropdown list (the controller supports up to 9 simultaneously executing program
buffers). Usually, you will want to select an empty buffer to avoid overwriting an existing
program.

3. Setyour preferences (see Preferences and Advanced Parameters), or click Default which
will enter default values in the preferences.

4. At this point you have two choices:

Sart~CommutakianProgram - causes the Adjuster

to automatically generate the Commutation program taking the Retrieve
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Commutation Phase at parameter as its starting point. It compiles the
program and runs it.

b. Generate-Shartup-Frograrm - causes the Adjuster
to generate the Commutation Startup program. You are prompted with:
Generate Startup Program x|
Save Startup Program in:
wiBuffer] o [t
|| File '
|| Use Auto-comnmistation
Generate Close

The Buffer checkbox should be selected and the buffer number that
you entered in Step 2 should appear. If the program is to be

generated from a user file, select the File checkbox and click U to
browse for the file. If you want to use automatic commutation,
select the Use Auto-commutation checkbox.

Automatic commutation is a way to retrieve the commutation offset automatically,
using closed-loop control.
==| Commutation setup (without using automatic commutation) is required once: during
Commutation Adjustment. Once this has been done, automatic commutation is
recommended at every controller powerup.

_ J

Click Generate. In the Program Manager pod, note that program appears in the specified buffer,
and a notification that the program was successfully generated is displayed.

Click Start Startup Program to run the Commutation Startup program.

Observe the motion of the motor and the messages that appear in the Commutation Program
Output panel. If errors appear or the motor does not respond as it should, make adjustments to the
parameters and run again - refer to Troubleshooting Commutation.

8.2.4 Commutation Program Output Panel

Commutation Program Output Panel

There are two buttons associated with the Commutation Program Output panel:
> | Chode Outpust | clears the messages in panel.

> &= Save Priniout |_enables you to save all the messages to a text file.

When you are done, click Next to go to the next Adjuster task.
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8.3 Troubleshooting Commutation

Troubleshooting Commutation

If the motor does not move during Start Commutation Program or Start Startup Program
execution, consider the following:

> (Check the connections between the controller and the drive and motor.
> If ahigh friction or active load is applied, increase the Excitation Current and try again.

If Start Commutation Program or Start Startup Program execution displays a message about wrong
motor variables, return to Components and verify the following:

> Number of Poles or Magnetic Pitch are specified correctly.
> Encoder variables are specified correctly.

If the motion failed during Commutation Adjustment or Commutation Startup program execution,
probable causes are:

> Therequired Excitation Current is greater than the XRMS , XRMSD, or XRMSM value. If the
motor and drive rating allow it, try to increase the value.

> Thereisan obstacle in the path of the motion.

Another problem that can arise is the case where Verify Control & Feedback Parameters is not
selected in the Advanced Parameters. Inaccurate variables can cause the commutation process to
report successful completion even though the commutation is actually wrong. Therefore it is
recommended to select this field.

Possible reasons for failure of the commutation process:
> Hard stop: motor has bumped into a hard stop or an obstacle and is unable to move.
>  Excitation current too low: results in poor field alignment.
> Inaccurate motor and feedback variables.

> Hardware problems, such as encoder or drive fault, wiring error, or bad grounding.
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9. Open Loop and Position Verification

This chapter covers Open Loop and Position verification procedures of the SPiiPlus MMI Application
Studio Adjuster Wizard Axis Setup and Tuning step of the Setup New System or Controller Task.

This chapter applies only for servo motors (DC brush or AC servo/DC brushless).
=

9.1 Open Loop Verification

The Open Loop Verification window enables you to check if the motor responds correctly to the
drive command, that is, the motor velocity should be in the same direction as drive command.

4 )

Enabling the motor may cause it to jump. To avoid personal injury or damage to the
equipment, check the following before enabling the motor:

>  Ensure that nothing (people, cables, or other obstacles) is in the path of
@ the motor or objects connected to the motor.

>  Ensure that the motor is securely anchored and that proper safety
barriers, stops, and limits are installed.

Be ready to engage the Emergency Stop switch.
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Enabling the motor may cause the motor to jump. Be very careful if the range of
maition is imited, When working with brushless motors, the Commutation step

must have been performed.
Enabls Mator

Open Loop Faramefers
B4 - Paroernges
Drve Output Flange: 1]
DaC Offget 45
D Ourtpat [0 @
-1 -5
Lerwssr Lirmit

! -100 10
Yekaaty a
Feedbacdk Position 2545

1 Loy Verification shen provides the opbions to
= polarity ane in the same directions. If the

Values can be expressed either as:
> % - Percentages
> Amps-Amperes
which you select from the dropdown list.

The parameters on this window are:

L
W U
o £ 1]
Deive Output (%)

Uppser Lissik

[V 1] 100 !
_'&nfm.wﬂu-:mr
counit{z)

Feedback Position [count{s]]

Lescked from editing - Desplays cunnent Feedbads Pesition [FPOS)
vk, i U LUnits,

Range - from -1. 7976931348623 157E +308 to
L P63 13486231 5TE +308

> Drive Output Range - Percentage (or amperage) relative to the maximum voltage as
defined in Components - see Drive.

> DACOffset - Offset to be added to
stored in the SLIOFFS variable.

The offset can be used to compen

the results of the current loop control. This value is

sate for an active component of the motor load. For

example, in a vertical axis the weight of the carriage can be compensated.

1. Click Enable to enable the drive.

2. If an encoder is active in the system, click Zero to reset the encoder.
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3. Drag the Drive Output slider slowly to the right until the motor moves. If the motor does
not move (due to friction), increase the Drive Output Range (with the slider or by entering
a value) until the motor moves.

a‘lb 04 0.8
Drive Cutpat (Amps)

Lowser Lienit Upper Limit

. =100 =10 Q 1o 100 .

4. Verify that the velocity gauge indicator moves to the right (same direction you moved the
slider). If the velocity arrow moves in the opposite direction, select Invert Drive Command.

4 )

If the direction of the velocity gauge is opposite to that of the Drive Output slider, it is

an indication of positive feedback. This is likely to cause a motor run away. If the
@ direction of the velocity gauge is opposite to that of the Drive Output slider, it isan
indication of positive feedback. This is likely to cause a motor run away.

5. For DCbrush motor only: If there is bias (an offset) in the drive (motor moves while the
controller command is zero), then with Driver Qutput Range set to zero, use the DAC
Offset (SLIOFFFS) field to compensate.

9.2 Position Verification

The Position Verification window is relevant only for open loop modes for step motors and enables
you to verify that the actual move corresponds to a commanded one, and make changes where
necessary.

! #tiow Boaed - Aduster Waad *
‘fou are working with Axis: Axis 0 (%)

ikl Axis Setup and Tuning: Position Verification

Tnitiakization

s Architecture Peskion Verfication

s Sok ) Torles: Pt Vrfcllon shop crovles o S8y b vk O o e bt Youcnuethe * | o mack | | naxt >> Cancel

To tune position verification:

1. Click Motion Manager Autoset. The Motion Manager panel is displayed.
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9 Toolox | 43 Worksp... | #hew Board...

The Motion Type dropdown list gives you the option of defining the type of motion, the options
are:

> 0One Direction Repeated Move
> Back and Forth Move (Default)
Position is always measured between two points:
> Point A
> PointB

Point A is the start position and Point B is the end position. The motion is then measured
from Point A to Point B.

You can set these points by manually moving the motor to Point A and clicking &=,
% and repeating this for Point B.
¥ You can change the sign of the value by clicking s
§ J
The Dwell value is Dwell time between moves.

Feedback Position is the point where the feedback is to be measured. You can reset this position to
zero by

clicking
Position Error is @ measure of the error in position.
The Motion Parameters that you can manipulate are:
> Velocity (VEL)
>  Acceleration (ACQ)
> Deceleration (DEC)
>  Kill Deceleration (KDEC)
> Jerk (JERK)

To start the measurement:
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1. Click |'scopedutoset | this displays the Scope to measure position.

2. Click! Ens¥e | this onables the motor of the axis you are working on.

St motion
3. Click l J,this starts the motion.
Visually check the motion. If there is a positional error, exit Adjuster and correct the value
in your program, then run Adjuster again.

4. (Check the Scope display.

The ideal Scope display is a square wave indicating that the Position is well adjusted.

0 & & & bk & & 011
00 05 1.0 15 20 25 3.0 A5 40 455.0%

If the jitter is too extreme, adjust the parameters until the scope shows that the motion graph
closely matches the reference lines.
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10. Position and Velocity Loops

This chapter covers the Position and Velocity procedure of the SPiiPlus MMI Application Studio
Adjuster Wizard Axis Setup and Tuning step of the Setup New System or Controller Task.

The Position and Velocity Loops window enables you to tune the position and velocity loopsin
order to optimize the servo system performance.

Trying to adjust the position and velocity loops when the XVEL or EFAC variables are not
set right will produce poor results. Verify that these variables are defined correctly (to

fit your application/ requirements) before starting to adjust the loops.

The window has two modes:
>  Velocity Loop - for tuning the velocity loop
> Position Loop - for tuning the position loop

You have to use both modes, one after the other, to completely tune the servo loops. In addition,
you make use of two tools:

> Scope, and
> Motion Manager
When you enter the Position and Velocity window, you:
1. Select mode from the Mode dropdown list.
2. Click to display the Motion Manager panel.
3. Click to display the Scope.
The MMI display should look as shown in Figure 9-1
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Figure 9-1. Velocity and Position Loop Adjustment - General Layout

10.1 Velocity Loop

The parameters associated with velocity in the Position and Velocity window in the Velocity Loop
mode are:

> Velocity Gain (SLVKP) - Proportional coefficient in velocity servo loop.
> Integrator Gain (SLVKI) - Integrator coefficient in velocity servo loop.

> Integrator Limit [%] (SLVLI) - Used to prevent the integrator from exceeding a certain
value.

The default value, 50%, is adequate for most systems.
%

>  Low Pass Filter Bandwidth (SLVSOF) - Second order filter bandwidth.
> Integrator Bandwidth - Calculated by Adjuster, and is approximately equal to SLVI/20.5.

Version 3.02 110




SPiiPlus Setup Guide
10. Position and Velocity Loops

You can change the values only of those parameters that are not greyed out.
=

The Motion Manager for Velocity Loop adjustments serves for controlling the motion in order to
observe it graphically in the Scope.

mmc i Verreep . | Sl Bord .

Figure 9-2. Velocity Loop Motion Manager Panel

The Motion Limited By dropdown list gives you the option of limiting the measurement to:
> Time Period - Typically used with rotary motion. Period sets the time intervals
> Between Two Points - Typically used with back-and-forth linear motion.
When you select this option, two more fields are displayed:
> Point A
> PointB

Point A is the start position and Point B is the end position. The motion is then measured from
Point A to Point B.
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Note You can set these points by manually moving the motor to Point A and clicking

% [Read ||, and repeating this for Point B. You can change the sign of the value by clicking
71|

> Positive Direction Only - Motor moves in the positive direction only. Period sets the time
intervals.

> Negative Direction Only - Motor moves in the negative direction only. Period sets time
intervals.

The parameters that are available for changing depend on the type of controller and
% motor.

Parameters that always appear are
>  Velocity (% of Max) - which enables you to slow the motion by a certain percentage.
> Period - which enables you to define the period, in milliseconds.

Other parameters that may appear are: For PWM and Digital Current Control controllers, and an AC
Induction Motor motor:

> Field Constant (SLFIELD)
> Slip constant (SLSLIP)
If the Controller-Drive Interface is Analog (£10V) and a Nanomotion Piezoelectric motor:
> Dead Zone Minimum (SLDZMIN)
> Dead Zone Maximum (SLDZMAX)
> Zero Velocity Feedforward (SLZFF)
To start the measurement:
1. Set the parameters to the following initial values
> Low Pass Filter Bandwidth: 650Hz
> Integrator Gain: 0
> Velocity Gain: 100
> Integrator Limit: 50%

2. Make sure that the Velocity field is set to 10.

3. Click E‘ this enables the motor of the axis you are working on.

5. Check the Scope display, the ideal display is a square wave as shown in Figure 9-3.
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Figure 9-3. Example Scope Display of Well Adjusted Velocity Loop

6. |If thejitteris too extreme, adjust the parameters until the Scope shows that the motion
graph closely matches the reference lines.

> Double the Velocity Gain until the approximates a square with a small overshoot.

> Increase the Integrator Gain by hundreds, until you get a narrow overshoot of 10-20%
in the waveform.

It is recommended that the Integrator Bandwidth not exceed 50Hz. (Integrator
% Gain)/20 = Integrator Bandwidth

10.2 Position Loop

Once you have adjusted the velocity loop, select Position Loop from the Mode dropdown list in the
Position and Velocity window.

The Velocity Loop Motion Manager panelis replaced by the Position Loop Motion
% Manager panel and the Adjuster disables the motor.

The parameters associated with velocity on the Position and Velocity window in the Position Loop
mode are:

> Position Gain (SLPKP) - A proportional coefficient of the position.

> Position Bandwidth - Calculated by the Aduster Wizard, approximately equal to SLPKP/(2
X PI).

> Velocity Gain (SLVKP) - A proportional coefficient that is applied to the velocity

> Integrator Gain (SLVKI) - Integrator coefficient in position servo loop.

> Integrator Limit [%] (SLVI) - Used to prevent the integrator from exceeding a certain
value.
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The default value, 50%, is adequate for most systems.
=

> Low Pass Filter Bandwidth (SLVSOF) - Second order filter bandwidth.
> Integrator Bandwidth - Calculated by Adjuster approximately equal to SLVI/20.5.

> Acceleration Feed Forward (SLAFF) - Used for minimizing positional error during
acceleration/deceleration. It can be roughly calculated by (2® 1€7 x EFAC/ACC)/0.1

You can change the values only of those parameters that are not greyed out.
=

The Motion Manager for Position Loop adjustments serves for controlling the position feedback in
order to observe it graphically in the Scope.

Fhiew Board - Motion Managsr *
5 [ Create Motion = tiport [ Export |3
Mo... Position Loop [rue] - 3¢
Az Fus 0 () -| %
Miskion Type Bk and Fosth, . |
Poirk & Rmad ||+ 0
Poirk B (Read |4/~ 10000
Covrell [res]: 500
Feedback Position 0| 18325580000
Peoristion Ermor: 00000
Hiowing: -+

Acelerating: [* ]

Ir Positaon: w

Motor Enabled: | | Enable |
= Parameters -

Wlacky: 10000
Acoeleration: 100000
Detleration: YO0
il Deceder stion: 100000
Jurk: Z.000000E+007

...... Imm

W Tookeo: | 00 Worksp... | #hew Board...

Figure 9-4. Position Loop Manager Panel

The Motion Type dropdown list gives you the option of defining the type of motion, the options
are:

> One Direction Repeated Move

> Back and Forth Move
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Position is always measured between two points:

> Point A
> PointB

> Point A is the start position and Point B is the end position. The motion is then measured
from Point A to Point B.

You can set these points by manually moving the motor to Point A and clicking 'R_“@ﬂ.il,
% and repeating this for Point B. You can change the sign of the value by clicking |+,

The Dwell value is dwell time between moves.

Feedback Position is the point where the feedback is to be measured. You can reset this position
to zero by clicking.

Position Error is a3 measure of the error in position.
The Motion Parameters that you can manipulate are
> Velocity (VEL)
> Acceleration (ACC)
> Deceleration (DEC)
> Kill Deceleration (KDEC)
> Jerk (JERK)

The values that you putin for these parameters apply only for position loop
adjustment using this window. They are separate from the motion profile definitions
# used by the controller during normal operation.

To start the measurement:

1. Click | scope Autoset | this resets the Scope to measure the position loop variables: RVEL, FVEL,
and PE.

2. Click E‘ this enables the motor of the axis you are working on.

4. (Check the Scope, the ideal display is a square wave indicating that the Position Loop is well
adjusted.
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Figure 9-5. Example Scope Display of Well Adjusted Position Loop

5. If thejitter is too extreme, adjust the parameters until the Scope shows that the motion
graph closely matches the reference lines.

> Increase the Position Gain to minimize position error during acceleration and
deceleration.

> Increase the Acceleration Feedforward to minimize position error during acceleration

The theoretical Acceleration Feedforward can be calculated as follows.
For alinear motor:

SLAFF=215*2*10%*M/(Kf*Kres*Ipeak)

Where:

M - Total moving mass [kg]

Kf - Motor force constant [N/A peak]

Kres - Encoder resolution [count/revolution]

% Ipeak - Amplifier peak current [A sine peak]
K

For arotary motor:
SLAFF=21t*21>*2*107*) /(Kt*Kres*Ipeak)

Where:

J - Total moving inertia [kgm?2]

Kt - Motor torque constant [Nm/A peak]
Kres - Encoder resolution [count/revolution]
Ipeak - Amplifier peak current [A sine peak]
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11. Save to Flash

The controller RAM is erased when the controller undergoes a hardware reset. A hardware reset
can be user initiated (HWRES command through the Communication Terminal) or can be caused by
aninterruption in power to the unit. Therefore, when you make changes to configuration or
adjustment variables, you should save the changes to the controller's flash memory. When the
controller comes back up after a hardware reset, it reads the values stored in the flash memory to
RAM. The Save to Flash step, where it appears, enables you to save all the data generated by the
particular tool to the controller’s flash.

@ If you do not save the data to the controller’s flash, all of the data will be lost.

When you enter this step, the Save to Flash prompt is displayed.

B Save Lo Flash

Liger: |

Aipplication:

Remarks: ~
[ acs+ [ Configuration | [T] 5P Programs | [ User Arrays
] Euffer 0 ] 5ystem mEL (m}

[ uifer 1 [o#] s B20) Osean v
[ Buffer 2 ] s 1) Oz
[ Bufer 3 [ s 2(2) mETE
[ Bwsrer 4 [ i 3T
[ Bufer s [ s #1233
[ Buffer & [ asss8)
[l Busfer 7 ] s &CD
[ esfer e [ s i)
] Ewsfer 9
3 [ =gk

|| Shuowr Preview

I e | @ Conced |

"

Enter your user name in the User field.

2. Enter the application name in the Application field.

3. Youcan,if you desire, enter free text remarks in the Remarks field.

4. By default all data is selected. Select the data you want to load into the controller by
clicking (thereby deselecting) the checkbox of the data you do not want to be saved.

5. Click Save

Version 3.02 17




SPiiPlus Setup Guide
12. Sin-Cos Encoder Compensation

12. Sin-Cos Encoder Compensation

This chapter covers using the SPiiPlus MMI Application Studo Sin Cos Encoder Compensation tool.
The tool is used for adjusting SIN-COS encoders that are incorporated in the system.

The Sin Cos Encoder Compensation tool enables you to:
>  Select axis for encoder measurements.
>  Display a Sin-Cos Lissajous curve graph of the wave form.

> Read a controller’s gain, phase and offsets compensation parameters (SCGAIN, SCPHASE,
SCSOFFS, and SCCOFFS).

>  Write new compensation parameters to the controller.
> Examine the compensation effect of each parameter.
The Sin Cos Encoder Compensation can do the following:

> Perform step-by-step calculations of the compensation parameters for Sin-Cos encoders
based on user input.

> Perform automatic calculations of the optimum compensation parameters set.

12.1 Activating Sin Cos Encoder Compensation

To activate the Sin Cos Encoder Compensation tool:

1. From the Toolbox click Diagnostics and Monitoring (L2

Diagnostics and Monitoring tools list.

) to display the

2. Double-click Sin Cos Encoder Compensation. The Sin Cos Encoder Compensation window
is displayed:
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12.2 Sin Cos Encoder Compensation Window
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-——— Measurement Curve Display
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The Sin Cos Encoder Compensation window consists of three sections (as shown above):

> Measurement Curve Display
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> Compensation Execution Panel

> Parameters Panel
12.2.1 Measurement Curve Display

The Measurement Curve is a Lissajous plot, an example of which is shown below, which displays the
curve of the results of the measurements performed by Sin Cos Encoder Compensation.

M asurement Curve

i ] ]
4 0.6 08 10 1.2

[] I I
-1.2 -1.0 0.8 06 -0.4 0.2 00 0.2 0O
Cos [wolt]

The Lissajous plot displays the aspect ratio of the phase shift between the input and output, with

an aspect ratio of 1 (perfect circle) corresponding to a phase shift of +90° as well as amplitude
differences (ellipse).

12.2.2 Compensation Execution Panel

The Sin Cos Encoder Compensation Execution panel:

Ao | 1(Y) =) @) Ensbie Compardation Passsd o Run o Ioom

* = Z00M [Rdicatos

Run/Stop Compensation

Compensation Stabus

Enable/Disable Axis

Select Axis

serves for executing the Sin Cos Encoder Compensation calculation routines. The elementsin this
panel are:

> Select Axis - used for selecting the axis from a dropdown list, the contents of which

depend on the type of controller. There is a LED associated with the selected axis that can
be:

>  Grey - the axisis not enabled
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> Green - the axisis enabled.
If the axis is not enabled, you enable it by clicking the Enable button.

If you select an axis that is not connected to a Sin-Cos Encoder, it cannot be enabled.
%

Select the required axis from the dropdown list, for example:

Pos D) |

> Compensation Status - this field displays messages associated with the Sin Cos Encoder
Compensation status. The messages that can be displayed are:

> Compensation Off - the Sin Cos Encoder Compensation has not been activated. (You
activate it by clicking the Run button).

> Compensation in Progress - the Sin Cos Encoder Compensation is performing its
measurements.

> Compensation Passed - the Sin Cos Encoder Compensation has completed its
measurements and the compensation is correct.

> Compensation Failed - the Sin Cos Encoder Compensation has completed its
measurements and the compensation is not correct.

> Compensation Cancelled - the Sin Cos Encoder Compensation has been stopped (when you
click the Stop button) before the measurements have been completed.
There is a LED associated with the status which can be:

> Grey - the Sin Cos Encoder Compensation has not been activated, or has completed its
measurements.

> Green/blinking - the Sin Cos Encoder Compensation has been activated and is working.

> Run/Stop button - activates or halts the Sin Cos Encoder Compensation measurements,
when clicked, the Run button changes to the Stop button for manually halting the
measurements in progress.

> Zoomindicator - you have the following Zoom options:

When the display has been zoomed, the Zoom LED (W) turns green.
=
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> Zoom In - Hold Shift key and place the mouse cursor in the Scope display in area you
want to zoom into. Click the Left mouse button to display the Zoom icon. When the
icon appears, click the Left mouse button. Without releasing the Shift key, each time
you click the Left mouse button, you increase the zoomed display.

> Zoom In Area - While holding the Shift key, press the Left mouse button and drag to
mark the area you want to zoom, then release the mouse button.

> Zoom Out - While holding the Shift key, place the mouse cursor in the zoomed area
and click the Right mouse button. Without releasing the Shift key, each time you click
the Right mouse button, you zoom out one level.

> Move Graph - Hold Ctrl key and Left mouse button - a hand is displayed. Drag the
graph to where you want.

> Undo - To undo all zooms, press Shift + Backspace keys. (You can also undo the zoom
by clicking the Zoom LED @),
12.23 Parameters Panel

You use the Parameter panel to set up parameters and display options you want. The panel has
three tabs:

> Advanced
> Cursors

>  Statistics
12.2.3.1 Advanced Tab

The Measurement tab is used for defining the required input measurement parameters and to
control the output results.

| Cursors | Sratistics | Advanced

I=]  Compensation Crieri =l Parameters

Target  Resuk SCGAIN 10001 || Pesd
Derstions Max |20 | 16 * SCPHASE Set |
Bsymimatres | 0.02 000358 | @ SCOFFS  |2.28m | oarun {
Shift 3 0.02 001185 @ SCCOPFS 3 4428
Shift ooz 0.00221 | & SLEBIASA
Shee 0.05 004448 # SLEBIASE p

| Dofaul | INRage &

The panelis divided into two sections:
> Compensation Criteria

This section displays the target criteria used by the Sin Cos Encoder Compensation when
making the calculations and current values of calculated parameters along with a set of
LEDs. If the current value of any parameter is equal to or less than the target value, the
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associated LED is Green (otherwise it is Red if the value fails, or Grey if the parameter is not
relevant).

The criteria are:

>

>

>

>

[terations - the number of iterations that the Sin Cos Encoder Compensation is to
perform during the measurements.

Asymmetries - Max(dx,dy) - Min(dx,dy), where dx is Xfinal point - Xstart point: and dy is
Yfinal point - Ystart point- If thisis zero, the graph is a perfect circle.

Shift X - the offset on the X axis
Shift Y - the offset on the Y axis

Slope - dy/dx, where dx is Xfinal point - Xstart point: 3Nd QY iS Yinal point - Ystart point:

You can make changes to the values of the Target fields when fine-tuning the compensation.

Clicking Default sets default values of the target calculated parameters.
=

> Parameters

This section lists the ACSPL+ variables that are connected with managing Sin-Cos encoders.
These are:

>

Version 3.02

SCGAIN - Modify the amplitude of the COS signal, to compensate amplitude difference
between the SIN/COS signals

SCPHASE - Modify the phase of the COS signal, to compensate phase difference
between the SIN/COS signals (phase should be 90 degrees)

SCSOFFS - Compensating SIN signal offset
SCCOFFS - Compensating COS signal offset
SLEBIASA - Defines a Sin-Cos encoder’s hardware compensation for the Sine offset

SLEBIASB - Defines a Sin-Cos encoder’s hardware compensation for the Cos
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r )
SCGAIN, SCPHASE, SCSOFFS, and SCCOFFS are all software-based variables.
The SLEBIASA and SLEBIASB variables, on the other hand, are hardware-based.
Hardware compensation has some advantages over software compensation:
possibility to get analog signals out of saturation, and making hardware based features
like PEG more accurate.
In principle these variables have similar functionality as SCSOFFS and SCCOFFS; however,
they are only supported by the following controller models:
@ > SPiiPlusNT-HP/LD (compensation digpason + 350 mV)
>  SPIiiPlusDC-HP/LD (compensation digpason + 350 mV)
>  SPiiPlus-UDMpc (compensation diapason + 625 mV)
> PiiPlus-CMnt-2 (compensation diagpason + 750 mV)
If the controller model supports it, Sin Cos Encoder Compensation first calculates the
software compensation variables, and then writes the final values to the hardware
variables (and resets the software ones).
q J

You have the option of changing the values by inputting new values in the appropriate fields.
Details of these variables are provided in the SPiiPlus Command & Variable Reference Guide.

There are three action buttons associated with this section:

| Defed |

Sin Cos Encoder Compensation reads the current variable values from the
controller.

Sin Cos Encoder Compensation writes the variable values into the controller.

Sin Cos Encoder Compensation sets the default values into the controller.

12.2.3.2 Cursors Tab

The Cursors tab enables you to mark points on the display where you are interested in seeing
exactly what the values at the points are.
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There are two cursors, X1 and X2, for delimiting the Cos voltage values, and two cursors, Y1and Y2,
for delimiting the Sin voltage. As the Sin Cos Encoder Compensation performs its routines, the
values at the cursor settings are displayed in the field below the graph. For setting the cursors see
SPiiPlus MMI Application Studio User Guide.

12.2.3.3 Statistics Tab

For each run, the Sin Cos Encoder Compensation builds a statistics table consisting of compensation
calculation measurements in the Statistics tab:

Cursors | Statistics | Advanced |

e prnant SCGAIN SCPHASE SCSOFFS SCCOFFS SLEELASA SLEBIASE Skt Position
| Ao 1, Aeko Come., 1.26170 200000 40000 B.ETSI0 000000 0.00000 BEATSIEZIN...
£ Aods |, Aeko Com... 107580 =1,57600 113170 E.51590 0, 00000 0.00000 BEAIEIEE,
3 Ao 1, Aeto Come,, 105370 200000 “0.19910 4.55060 0, 00000 000000 GEATSIEEN..
4 fode 1, Aebe Come.. 1UO2ET0 i L] -1.62330 L.ET4D 000000 000000 GE4IETEI.
E fods 1, Asto Com.., 100000 200000 =2.20740 44500 0, (O 000000 BEASEREE...
& A 1, Aete Com.., 1.000ND 1.00000 -2, 28740 344880 0.00000 2.00000 GEATSIEEEN...
AversQe, Acisl (2,3... 103123 0, 39520 =1.50578 3,76990 0, 000 0.00000

The rows are color-coded, Green for those values that passed the compensation measurements,
and Red for those that failed.

At the bottom of the table the Sin Cos Encoder Compensation adds a line containing the average
values of the variables. There is a separate line for each axis that was checked.

Right-clicking on any row displays a menu with the following options:
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> Set Parameters - selecting this option causes the Sin Cos Encoder Compensation to use
these variable values for purposes of making the measurement.

>  Save to Flash - selecting this option causes Sin Cos Encoder Compensation to save the
values to the controller’s flash memory.

> Delete - selecting this option deletes the row from the Statistics.

>  Clear All - selecting this option removes all the values from the Statistics.
12.2.4 Running Sin Cos Encoder Compensation
To perform automatic encoder compensation:

1. From the Execution pane select axis from the Axis dropdown list.

2. (Click Enable

3. Click Run

If the motor associated with the encoder is a brushless motor, it has to be commutated
before encoder compensation. In the event that it has not been commutated, the
following is displayed:

San Co% Encoder Comgeensation ) ﬂ

\y Brushiess mokor must be comrmitated bafors procsssing:

e

The easiest way to commutate the motor at this point is to enter the COMMUT
command via the Communication Terminal, for example:

INNZIA5EE - Comniminication Terminsl

COMHMUT 1

Thiau blatennns Barkonmnd Crenmaneabion | Fock
1 n L6

Then click Run again.

4. If the compensation is successful, go to the Advanced Tab of the Parameter Selection
panel and save the values to the controller’s flash memory by clicking Set in Parameters.
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Once you have completed the Sin-Cos compensation, return to theVerification Task of
% the Adjuster Wizard.
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13. Homing Programs

When an incremental feedback device (for example, incremental encoder or analog input) is used,
the absolute position of the axis is unknown after powerup. In such cases, a homing procedure is
used.

The goal of the homing procedure is to find the absolute position of the axis based on an accurate
reference point, typically an index signal or a hard stop. The absolute position of the axis is assigned
to the position counter.

The homing procedure is as follows:

1.  After powerup, move from current position in positive/negative direction to the end of
travel (usually a limit switch or a hard stop).

2. Move backward to the first index.
3. Setthereference position (RPOS) to the position of the index.

4. Move to zero (or any position).

0
Left 7 : Load N Right
Limit A —1 N Limit
ncoder Index
Switch —l\ /_|— Switch
Figure 12-1. Homing
( )

1. If the axisis equipped with a DC Brushless motor, then the homing program
should also include a commutation startup program, see Commutation Startup

Program.

% 2. The controller's programming language (ACSPL+) supports designating the
axis by name or by number. This makes it possible to execute homing for all
the axes using a simple loop.

; J
s )
Version 2.60 has a set of predefined homing methods. You can also define a homing
% method as well. The homing methods obey the DS402 standard.
' For details, see SPiiPlus ADK Suite v2.60 Release Notes.
4 J

13.1 Homing Program Using Limit Switches

The following program is an example of a homing procedure for the 0 axis that is equipped with a
DC brush motor and limit switches.

! The program executes the following sequence:
! -~ Move to the left limit switch.
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! - Move to the encoder index.

! -~ Wait for the left limit release.

! - Set the axis origin to the position of index.
! - Move to the origin.

INT AXIS! Define a variable named “AXIS”.

AXIS=0! Define axis number (in this case: 0).

VEL (AXIS)= 2000! Set maximum velocity.

ACC (AXIS)= 100000! Set acceleration.

DEC (AXIS)= 100000! Set deceleration.

JERK (AXIS)= 20000000! Set jerk.

FDEF (AXIS) .#LL=0! Disable the axis left limit default response.
FDEF (AXIS) .#RL=0! Disable the axis right limit default response.

ENABLE (AXIS)! Enable the axis drive.

JOG (AXIS),-! Move to the left limit switch.

TILL FAULT (AXIS) .#LL! Wait for the left limit switch activation.
JOG (AXIS),+! Move to the encoder index.

TILL "FAULT (AXIS) .#LL! Wait for the left limit release.

IST (AXIS) .#IND=0! Reset the index flag.

TILL IST(AXIS).#IND! Wait till motor reaches the index.

SET FPOS (AXIS)=FPOS (AXIS)-IND (AXIS)

! Set axis origin to the position of the index.

PTP (AXIS),0! Move to the origin.

FDEF (AXIS) .#LL=1! Enable the axis left limit default response
FDEF (AXIS) .#RL=1! Enable the axis right limit default response
STOP

13.2 Homing Program Using Hard Stops

The following program is an example for a homing procedure of the 0 axis that is equipped with a
DC brush motor and a hard stop (no limit switches).

! The program executes the following sequence:

! — Move to the left hard stop.

! - Move to the encoder index.

! — Set the axis origin to the position of index.
! — Move to the origin.

GLOBAL INT AXIS! Define a global variable named “AXIS”.
AXIS=0! Define axis number (in this case: 0).

VEL (AXIS)= 500! Set maximum velocity.

ACC (AXIS)= 50000! Set acceleration.

DEC (AXIS)= 50000! Set deceleration.

JERK (AXIS)= 10000000! Set jerk.

KDEC (AXIS)= 200000! Set kill deceleration.
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FDEF (AXIS) .#CPE=0! Disable the default response of critical

! position error fault.

XCURV (AXIS)=7?7?7?! XCURV is used to limit the force applied to hard
! stop (Define ??? per case.)

ENABLE (AXIS)! Enable the axis drive.

JOG (AXIS),- ! Move slowly to the left hard stop.

TILL ABS(X PE)>???! Identify the hard stop by the position

! error. (Define??? per case.)

JOG (AXIS),+ ! Move to the encoder index.

IST (AXIS) .#IND=0! Reset the index flag - activate index circuit.
TILL IST(AXIS).#IND ! Wait for crossing the index.

SET FPOS (AXIS)=FPOS (AXIS)-IND (AXIS)

! Set axis origin to the position of the index.

PTP (AXIS),0! Move to the origin.

FDEF (AXIS) . #CPE=0! Enable the default response of critical position
! error fault.

STOP
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14. Protecting Application

Up to this point, the controller has been in the configuration mode, meaning that it can be written
to. Changing the controller mode to Protected limits changes that can be made to controller
variables. Protected mode can be useful once you have completed configuration and adjustment
and want to protect the controller from changes that could be caused unintentionally.

The controller can be in one of two modes:

> Protected Mode - certain restrictions are placed on the programs in the controller’s
Program buffers. Usually this mode is used to ensure that the programs cannot be edited.

> Not Protected Mode - no restrictions are placed on the Program buffers.

The Protection Wizard is used for setting and unsetting the Protection Mode of the controller. It
leads you through the performance of the following tasks:

> Define Protection
> Update Protection
> Remove Protection

> View Protection

14.1 Starting Protection Wizard

1. From the Toolbox click Application Development (. i )

to display the Application Development tools.

2. Click Protection Wizard in the Application Development list of tools.

You can also activate the Protection Wizard using the right-click Add Component
% option of the Workspace Tree.

The Protection Wizard Task window is displayed in the workspace.

Semuiator - Mobon Manager | - Semulator - Protecton Wizard |
sskaonn TR
Select Protection Level
Buffers Protection Mods: Mot Protected
Variables Protection
Advanced Protection i Defing Protection

Preview Changes Define protection of reguiar buffers and standard varables. Set password and switch to protection mode.,
Set Password

Task's report

3. Select the task you want to perform by clicking the appropriate button and then click Next.
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If the controller isin the Not Protected mode, the only task available is Define
Protection.

% If the controlleris in the Protected mode, the tasks available are: Update Protection,
Remove Protection, and View Protection Status.

\_ J

14.2 Define Protection

The Define Protection task enables you to put the controller into the Protected Mode and to set
certain restrictions on the programs stored in the controller’s buffers.

To define Protection:

This task, and this task only, is available if the controller isin the Not Protected mode.
=

1. Since thisis the only task available, click Next. The Set Protection Level window is
displayed.

Semdator - Mabion Manager | Smulator - Pratecton Waard |

I 1 P

w Select Protection Level

Buffers Protection Moge: Mot Protected

Variables Protection

Advanced Protection i Application Pratection

ww Allowes to protect specified buffers from changing
Task's report

! Intellactual Property Protection
Allowis to protect specified buffers from viewing and changing

FCustorm Protection

Allowss to protect specified buffers from viewing and/or changing
Allpwss to protected specified variables from changing
Allpvis advanced protection options

There are three tasks that can be performed from the Select Protection Level window:

> Application Protection

You perform this task to set the program in the specified buffers to Read Only, that is, it
can be viewed but cannot be modified.

> Intellectual Property Protection

You perform this task to set the program in the specified buffers such that its contents
cannot be modified and cannot be seen.

> Custom Protection

There are three tasks that can be performed from the Custom Protection window:
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> You can set the program in the specified buffers such that its contents cannot be
modified and/or cannot be seen.

> You can set specified variables to Read Only, that is, it can be viewed but cannot be
modified.

> You allow the system to be reconfigured.
14.2.1 Setting Application Protection

1. Toset Application Protection, select the button next to Application Protection. Then click
Next. The Buffers Protection task is displayed.

| Smulator - Motion Manager | Semuatar - Protection Wizaed | o
I~
Select Prabection Level

& Buffers Protection Mode: Mot Protected

Variabdes Probection
Advanced Protection

Preview Changes Bufters et from o) =
Set Password Buffer 0 i "
Task's report Buffer 1

Buffer 2

By selecting the Prevent from editing checkbox you set the program in the buffer to
% Read Only, that is, it can be viewed but cannot be modified.

2. Click Next. The Preview Changes window is displayed:

I Semuiator  Mobon Manager | Sisiator.- Protection Wizard.. |

s e CRagE—
Select Protection Level

Buffers Protection Mods: Mol Protected
Variables Protection
Advanced Protection _khmmw _mmm
& Freview Changes Buffers Prevent fram editing | Prevent from editing
Set Password Buffer 0 -
Task's report Buffer 1

Buffer 2

3. (Check that the proper Protections are set. If they are, select Accept. Click Next. The Set
Password window is displayed.
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|- dew Board - Protection Wizard.| x
Select o Task
- siteiow Set Password
Yariables Protection Mode: Mot Profected
Preview Changes
+ Sel Passwornd
Task’s report
News paspwrord:
Confirm passwond:
<< Back | | Mext »>> Cancel

4. If you want to set a user password to prevent unauthorized personnel from removing
Protection, type it into the Enter password and Confirm password fields.

A password is not required.
=

5. Click Next. The controller is rebooted. Wait for the notification of a successful restart.

The controller must be restarted, otherwise the protected programs can become
% corrupted.

6. Click OK.

The Report window is displayed.
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Preview Changes
Set Password

% Fask’s report

Report

Mods: Protected

REPORT OM PROTECTION APPLYING PROCEDURE

Report time: 1/21/2010 1:23:08 PM
Firmwsare wersion: 6.59.00.05
Controler 5in: #Mew Boand

Task: Define protection

Buiffer 0 sat b

14,
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Protecting Application

||

%)

7. Tosave the report click Save report. The browser window is displayed:

8. Select adirectory and enter a filename. Click Save.

Version 3.02

Boveoa . L.

Save i [ SPPha MM Apglcaiion Stade - 20100117 =] (3 & .° (- | -

|2 Configquration Wizard ADE
| ) Cionfigueation Wizard POK
| ) Crataboars

| Jen

| JLogs

| _iReposkory Dusts

|- Scope & FRF Tast Fies
Fi v l

S a2 byper Ihg

Ll Ls|

135



SPiiPlus Setup Guide
14. Protecting Application

The file extension for all reportsis .log.
=

9. To print the report click Print report.
10. Click Finish to exit the Protection Wizard.

14.2.2 Setting Intellectual Property Protection

1. TosetIntellectual Property Protection, select the button next to Intellectual Property
Protection. Then click Next. The Buffers Protection task is displayed.

| Seator - Moton Manager | Sevlator - Protection Wiard | )
—
Select Protection Level
= Buffers Protection Moda: Mot Protected

Variables Protection
Advanced Protection

Preview Ch Buffers Prevent from ediing and viewing .|
Set P , Buffer 0 C] |
Task's repart Buffer 1 W

Buffer 2 =

By selecting the Prevent from editing and viewing checkbox, you set the program in
% the specified buffers such that its contents cannot be modified and cannot be seen.

2. Click Next to preview changes and follow step 3 through step 10 in Setting Application
Protection to complete setting protection and to exit the Protection Wizard.

14.2.3 Setting Custom Protection
14.2.3.1 Custom buffer protection

1. Toset Custom Protection, select the button next to Custom Protection. Then click Next.
The Buffers Protection task is displayed.
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| SenUiator - Mobon Manager |- Smulatoc - Protection Wizard | %
oI Lo
Select Protection Level

% Buffers Protection Mode: Mol Protected
Variables Protection
Advanced Protection
Preview Changes Bufors wvst from edting | Prevvest from viewing =
Set Password Buffer 0 o] | 5
Task's report Buiffier 1 = o
Bufffer 2 = i

By selecting the Custom Protection checkbox, you set the program in the specified
% buffers such that its contents cannot be modified and/or cannot be seen.

2. Click Next. The Variables Protection Task is displayed.

14.2.3.2 Custom variable protection

| Smiator - Mobon Manager | Smulator - Protection Wizard |

e DGO

Select Probection Level
Bufffers Protection Mode: Mot Protected

St Password Varisties Protected (Read only)

F

g

T

g
EfEfEOREEEEOEEOO

|+'-r| I-
% You can click "% to sort the variables by groups, or iz to sort alphabetically.
r

1. Select the appropriate Read only box to prevent the variables from being edited.

You can either set all the variables in a group by selecting the Read only box, or expand
the groups by clicking the tree expansion button: * and marking individual variables for
read only.
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Variables Protection

Mode: Mat Protected

a8 12
Variakbies | Protectad (Read only)

S3ERERAL

WVELERE
i Safeby_Cortrol
B3 Program_Exequbion_Control
& Syrshern_Configuration
- ot _Configurstion
(33 Commumnication
(- Qoo akion
- Servd_Loop
[#3- Micoelanacyes
- Obsodete

EFFFREEREEEOOEOODOO®E

2. Click Next. The Advanced Protection Task is displayed.

14.2.3.3 Advanced protection options

!-m-mwr CTOO000AA3 - System Setup * | CTODO00RAS - Protecton Wiard | ®
Select a Task
Select Protection Level

Baffers Protection Mads: Mol Protected
‘Variables Protection

 ddvarced Protection | v SyEbem I'E'D:I'IF-I:!.I'.!W
Preview Changes
Set Password

Task's report

| << Back || Mot >> || Concel |

1. Toallow system configuration, select the checkbox.

2. Click Next to preview changes and follow step 3 through step 10 in Setting Application
Protection to complete setting protection and to exit the Protection Wizard.

14.2.4 Update Protection

The Update Protection task enables you to make changes in Protection settings.
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This task is available only if the controller is in the Protected mode.
=

To update Protection data:

1.

2.

Select Update Protection in the Select a Task window.

| #rhiew Board - Frotection Wizaed |2
< Select a Task

Bulfers Protection s"‘ﬂ a Tagk

variables Protection Mode: Profected

Preview Changes
St Password

Task"s report Dafirs protection of requlsr buffers srd standard variables, St passwo

i Lipdate Protection|
%m current protection status of regular buffers and standard varisbles,

LIRemove Frotection

Switch controller to configuration mode. Enter password, if it was sat
1 Wiew Profection Status
View current protection status of standard variables and regulsr buffers.

| bt 2> || Cancel

Click Next. The Set Protection Level window is displayed.

Seudator - Maton Mansger | Smulatar - Protection Waard |

ik e rotedton Tav T

w  Select Protection Level

Buffers Protection Mode: Protected

Variables Protection

Advanced Pratection & Application Protection

Preview Changes

ey Allowes to protect specified buffers from changing
Task's report

= Intellectual Property Protection
Allowes to protect specified buffers from viewing and changing

Custorn Protiction

Allgwes to protect specified buffers from viewing and/or changing
Allowes to protected specified variables from changing
Allgwss advanced protection options

You have the option of changing the Protection by selecting the appropriate buttons:

To change Application Protection settings, select the button next to Application
Protection. Then click Next and follow the procedure described in Setting Application
Protection.
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> Tochange Intellectual Property Protection settings, select the button next to Intellectual
Property Protection. Then click Next and follow the procedure described in Setting
Intellectual Property Protection.

> To change Custom Protection settings, select the button next toCustom Protection. Then
click Next and follow the procedure described in Setting Custom Protection.

In the selected protection task, you enable protection or cancel an existing Protection
% by clicking the selected checkbox ( EI) to toggle it on or off.

14.25 Remove Protection

The Remove Protection task enables you to disable the Protection mode.

This task is available only if the controller is in the Protected mode.
=

To remove Protection:

1. Select Remove Projection in the Select a Task window.

|- #tiews Bosed - Protection Wizsed x
= Sefect a Task

Bullers Pratection sal’ﬂ a Tash

Variables Protection Mode: Profected

Preview Changes
St Password

Task's peport Defire protection of regulsr buffers and standard variables. Set password and switch to protection mode.

Update Profection
Change current protection status of regular buffers and standard variabies.

Remove Protection Eriter password:

Switch controller to configuration mode. Enter password, IF it was sat.

Wik Profection Status
View current profection status of standard varisbles and regular buffars,

Maut 53 Cancel

The password field appears next to the task heading when you select this task.
=

2. Typeinthe password, if needed, and click Next. The following notification appears:
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g - PP s MM Applic ation SHodio
IE U PO S 0L RN B0 el Deobections

e I I

3. Click Yes. The controller reboots.

4. Wait for the appearance of a successful restart message:

5. Click OK. The Report window is displayed:
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|- #hiew Board » rotection Wizeed .| Gl

Select a Task Hﬂpﬂl’t

Bulfers Protection

Yariables Probecteon M ! Wi Protecied
Preview Changes
Set Password

= Fazk s report

i

REPORT O PROTECTION APPLYING PROCEDLRE

Report b Lf2472010 12:42:23 PM -
Femwiane verson: 6,59,00.05

Controfer sin: #New Board

Tarsk: Foemmuve probection

Buffer 0 2t bas
Probackion From Edting - OFF

£

" Sawe report | | Print report |

6. Tosave the report click Save report. The browser window is displayed:
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Saveinc [ ) SP#Re MM Appikcalin Sude - 20100117 =] (3 & @ (- | 4

|2 Configuration Wizard ADS:
| ) Configuration Wizard POK
) Dk abutrsr

jJen

| _JLogs

| Repostory Data

|2 Scope & FRF Tast Fie:

E1ET

My Documents

M gt
b
My Hebwork Fiia ruavesc I

Flace:
Swvearipe  |"ig

Lef Le
i

Select adirectory and enter a filename. Click Save.

The file extension for all reports is .log.
=

7. To print the report click Print log.
8. (Click Finish to exit the Protection Wizard.

14.2.6 View Protection

The View Protection task enables you to view the Protection mode settings of the controller.

This task is available only if the controller is in the Protected mode.
=

To view the Protection mode settings:

1. Select View Projection in the Select a Task window.
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|- #lew Board - Protection wizerd . | =
= Sefect a Task sﬂ
Ballers Protection 'ct ' Tasu
Variables Protection Mode: Prodected
Preview Changes
5ot Password
Task's report Cefre protection Fr --_,,'.'l o busffiers and standard variables, Set password and switch to protection mods
(' Update Protection

Change ourrent protection status of regular buffers and standard variables.

I Remove Protection
Switch controller to confiquration maode. Enter password, if it was set.

- I[:\‘\?_ _________________

Wiew current protection status of standard variables and regular buffers,
| Hemt == || cancel |

2. Click Next. The Buffers Protection task is displayed.

|| cTo00008A3 - Protection wizard..| bt

stens PR PGEOR T ——

Select Protection Level

> Buffers Protection Mods: Protected

Variables Protection

mm Buffers Prevent from edtng Prevent from viewing

Set Password Buffer 0 = &

Task's report Buffer 1 ] L
Buiffer 2 ] [
Buffer 3 ] o
Buffer 4 = I
Buiffer 5 [ |==b
Buffer & & &
Buffer 7 =] i
Buffer 3 = |

3. Click Next. The Variables Protection is displayed.
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&rbiews Board = Frotection Wizsnd | =
Sebect a Task
! o Variables Protection
~ Vartalles Protection Mode, Prodected
Preview Changes
Set Password | [ﬂ] "; Sexrch

Task's report

&) Safety_Control

— FDEF

— FMASE

5 _FOEF

= 5_FMASK

— 5_SAFINI

= BAFIND
- Inputs_Cuptpids
= Progeam_Exeoution Control
.'-:‘r-wﬂtm_ﬁwfwm
‘I fusts_Conifuguration
.-i;—curmﬁ:aﬁm
&l Commutation

I Duaka_Collection
f SﬂwJ.mﬂ

] [t

EEEFEREERAEEEREREEREERE EEE

You can view the settings of the individual variables by clicking the tree
% expansion button: * of the groups.

4. Click Next. The Advanced Protection is displayed.

| CTOODOUSAS - Proteston Waard |

wis PRGRRGE—

Select Probection Level
Buffers Protection Mode: Protected
Variables Probection

+ Advanced Probection ) A

Preview Changes
et Password

Task's report

5. Click Finish to exit the Protection Wizard.

14.2.7 Entering Incorrect Password

If the password that you enterisincorrect, the Protection Wizard displays the following message:
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sew - PP MM Application St EI

e Code 1164, Invvald password

o canmue |

1. Acknowledge the message by clicking Continue. The wizard informs you of the Protection
task that has failed, for example:

| #tiow Board - Frokecton Wizsed | %

Qe Update protection failed

Badfers Protection
Variables Protection Mode: Prodocted
Preview Changes

-+ Set Password

Task's report

& Update protection failed!

[mm-Badkes]  reu | Finish

2. Your options are:

>  C(lick Back to return to the window with the password field and enter the correct
password, or

> (lick Finish to exit the wizard.
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Appendix A. Working with a Gantry Axis

A.1 Overview

Gantry motion systems incorporate two or more motors, which work simultaneously to move an
axis. Gantry axes provide flexible and efficient solutions for a wide range of applications like:
inspection systems, materials handling, pick and place, machine loading and unloading etc.

Figure 14-Tillustrates a typical gantry system with two motors (X1, X2) that move a single axis (X):

X1 axis

S

Figure 14-1. Typical Gantry

A.2 Gantry Implementation Using Connect And Depends Commands

Implementing complex motions like gantry is made easy with the SPiiPlus axis profile generation
commands: connect and depends commands. In a gantry application, the connect command is
used to define the relation between two variables: RPOS (reference axis position) and APOS
(dummy axis position). By default, the relation between RPOS and APOS is 1:1.

In a gantry application the connect command enables generation of an identical motion profile for
two (or more) motors — referred to as master and slave motors (see Figure 14-2). The connect
command creates and maintains a direct link (like a mechanical link) between the motion profile of
the master motor to the slave motor.

Once a connect command has defined a new relation for RPOS, the relation remains active until:
> Adifferent connect relation is defined
> The controller is shutdown
> HWRESET/RESET commands are executed

The following block diagram demonstrates the axis profile generation for gantry with two motors:
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Mew set-point is generated

each MPU cycle Master motor
Set Point Axis Virtual Default Reference
Generation Position === Connection +—# Position |——m
j\ (APOS) (1:1) (RPOS) Motien
trajectory
calculation
Mew set-point is generated
each MPU cycle Slaved motor
Connection
Set Point Axis Virtual based on Reference
Generation P Position . Master ——= Position
f\ (APOS) APOS + Offset (RPOS) Motion
(if any) trajectory
calculation

Figure 14-2. Gantry Axis Profile Generation

The DEPENDS command specifies a logical dependence between a motor and axes. By default the
motor is assigned to its axis. DEPENDS is necessary whenever the CONNECT command is used.

The SAFETYGROUP command that provides a special operation and safety mechanism for gantry
implementation as follows:

SAFETYGROUP (master axis, slaved axis, slaved axis..)

This command executes the following actions:
Copies the fault configuration from the first specified axis (master) to all subsequent axes.
Blocks the axes together in response to KILL and DISABLE operations.

After the command, all specified axes are killed or disabled at once, even if the operation is
directed to one of the axes. This applies to both the operation initiated by the commands or by the
faults.

A.3 Gantry Implementation

The following implementation is for a gantry application involving two identical motors and
feedback devices. Similar implementations can be derived for gantry applications involving more
axes (one master motor and two or more slave motors).

Preparation for gantry implementation comprises the following steps:
1. Gantry axes setup, configuration and adjustment

2. Gantry axes commutation and homing

Once these steps have been accomplished the system is ready for normal gantry operation.
Meaning, the user needs to refer to the master axis only and the slaved axis will be operated
automatically.
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A.3.1 Gantry Setup and Configuration

1. SPiiPlus MMI Application Studio > Toolbox > Setup > Adjuster: Set the safety
parameters for the master (limits, current values, position error etc). Copy the
configuration to the identical slaved axis — see Axis Architecture.

2. SPiiPlus MMI Application Studio > Toolbox > Setup > Adjuster >Commutation: make
commutation separately for each (if DC brushless motor is being used) - see Commutation.

3. SPiiPlus MMI Application Studio > Toolbox . Setup > Adjuster > Open loop verification:
make verification in open loop separately for each motor - see Open Loop and Position
Verification.

4. load the following program to a buffer and run it.

! THIS PROGRAM IS USED TO ADJUST A GANTRY SYSTEM

INT GLOBAL M AXIS, S AXIS ,BUFFER !"M" FOR MASTER AXIS, "S" FOR SLAVED
AXIS

M AXIS=4 ; S AXIS=5 ;BUFFER=7! SET HERE THE INVOLVED AXIS NUMBERS A=4,
B=5

DISABLE (M AXIS) ;DISABLE (S_AXIS)
[ ====== Configuration variables ---------""""""-"—"————
ERRI (S_AXIS)=ERRI (M AXIS)

ERRV (S _AXIS)=ERRV (M AXIS)

ERRA (S AXIS)=ERRA (M AXIS)

CERRI (S _AXIS)=CERRI (M AXIS)
CERRV (S_AXIS)=CERRV (M AXIS)
CERRA (S_AXIS)=CERRA (M AXIS)
DELI (S _AXIS)=DELI (M_AXIS)

DELV (S _AXIS)=DELV (M _AXIS)
SLLIMIT (S _AXIS)=SLLIMIT (M AXIS)
SRLIMIT (S _AXIS)=SRLIMIT (M AXIS)
XVEL (S_AXIS)=XVEL (M AXIS)

XACC (S_AXIS)=XACC (M AXIS)
VELBRK (S _AXTIS)=VELBRK (M_AXTIS)
XRMS (S_AXIS)=XRMS (M AXIS)

XRMST (S_AXIS)=XRMST (M _AXIS)
XCURI (S_AXIS)=XCURI (M _AXIS)
XCURV (S_AXIS)=XCURV (M AXIS)

[Se==== Adjustment varlglbleg ======s==s===s==========
SLPKP (S_AXIS)=SLPKP (M AXIS)

SLVKP (S_AXIS)=SLVKP (M_AXIS)

SLVKTI (S_AXIS)=SLVKI (M AXIS)

SLVLI (S_AXIS)=SLVLI (M AXIS)

SLVSOF (S_AXIS)=SLVSOF (M_AXIS)

SLIOFFS (S _AXIS)=SLIOFFS (M AXIS)

SLFRC (S_AXIS)=SLFRC (M _AXIS)
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SLAFF (S_AXIS)=SLAFF (M AXIS)
EFAC (S _AXIS)=EFAC (M AXIS)

[ ==me== Motion variables ---——————---——-----————
VEL (S_AXIS)=VEL (M AXIS)

ACC (S_AXIS)=ACC (M AXIS)

DEC (S_AXIS)=DEC (M_AXIS)
JERK(S_AXIS)=JERK(M_AXIS)

STOP

! These auto routines update the adjustment variables
! of the S AXIS to match the M AXIS

ON SLPKP (S AXIS)<>SLPKP (M AXIS); SLPKP (S AXIS)=SLPKP (M AXIS); RET

ON SLPKP (S AXIS)<>SLPKP (M AXIS); SLPKP (S AXIS)=SLPKP (M AXIS); RET

ON SLVKP (S AXIS)<>SLVKP (M AXIS); SLVKP (S AXIS)=SLVKP (M AXIS); RET

ON SLVKI (S AXIS)<>SLVKI (M AXIS); SLVKI (S AXIS)=SLVKI (M AXIS); RET
)

ON SLVLI (S AXIS)<>SLVLI (M AXIS); SLVLI (S AXIS)=SLVLI (M AXIS); RET

ON SLVSOF (S_AXIS)<>SLVSOF (M AXIS); SLVSOF (S AXIS)=SLVSOF (M AXIS); RET

ON SLIOFFS (S _AXIS)<>SLIOFFS (M AXIS); SLIOFFS (S AXIS)=SLIOFFS (M AXIS); RET
ON SLFRC (S_AXIS)<>SLFRC (M AXIS); SLFRC(S_AXIS)=SLFRC (M AXIS); RET

ON SLAFF (S _AXIS)<>SLAFF (M AXIS); SLAFF (S AXIS)=SLAFF (M AXIS); RET

ON EFAC (S _AXIS)<>EFAC (M _AXIS); EFAC (S AXIS)=EFAC(M AXIS); RET

ON XVEL (S AXIS)<>XVEL (M AXIS); XVEL(S AXIS)=XVEL (M AXIS); RET

5. Open Adjuster . Position and Velocity Loop: adjust the maser axis normally. The slaved axis
parameters will be set identically (by the autoroutinesin the program) to the master axis.

A.3.2 Commutation and Homing
Load the following program to a buffer and run it:
!Commutation and homing for a gantry axes

| eemomooasa=s Define axes variables ---------------"--"—-—-—-————
INT GLOBAL M AXIS; M AXIS=4 ! Define Master axis (A axis in this

example)

INT GLOBAL S AXIS; S AXIS=5 ! Define Slaved axis (B axis in this
example)

VEL (M _AXIS)= 4000 ! Set maximum velocity

ACC (M _AXIS)= 40000 ! Set acceleration

DEC (M _AXIS)= 40000 ! Set deceleration

JERK (M _AXIS)= 400000 ! Set jerk

SAFETYGROUP (M_AXIS,S AXIS)

[ essooss= Doing commutation for a brushless Master motor--------
! Use this section only for a brushless Master motor

!ENABLE (M AXIS)

ICOMMUT (M _AXIS)
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!DISABLE (M AXIS) !To allow slight movement of the S AXIS during COMMUT
| comems== Doing commutation for a brushless Slaved motor--------

! Use this section only for a brushless Slaved motor

!ENABLE (S_AXIS)

!COMMUT (S_AXIS)

| memmmmmmaa=e Define connect functions --————---""""-""-"—-"—"—"—"—-"——————
MFLAGS(M_AXIS).17=O ;MFLAGS(S_AXIS).17=O

! Turns off the Connect function default

! (FPOS = APOS)

CONNECT RPOS(M_AXIS)=APOS(M_AXIS)

DEPENDS (M AXIS), (M _AXIS) !Master motor depends on Master axis
CONNECT RPOS (S_AXIS) = APOS (M _AXIS)

DEPENDS (S_AXIS), (M AXIS) !Slaved motor depends on Master axis
SET APOS(M_AXIS)=O,RPOS(M_AXIS)=O, RPOS(S_AXIS)=O

[Semsessesa=s Floming PrOCeClirg =====s=s=ssss=ssss=ssssoss=soss=s=====

FDEF (M _AXIS) .#LL=0 ; FDEF (S AXIS) .#LL=0 ! Disable the default response of
the limit fault

ENABLE (M AXIS); ENABLE (S _AXIS)

JOG (M _AXIS), - ! Move to the left limit switch

TILL FAULT(M_AXIS).#LL ! Wait for the left limit switch
activation

! Can be written also as "TILL ABS(X PE)>???" when no limit switches
exist - only a hard stop.

JOG (M _AXIS),+ ! Move to the encoder index

TILL "“FAULT (M AXIS) .#LL ! Wait for the left limit release

IST (M _AXIS) .#IND=0 ! Reset the index flag - activate index
circuit

TILL IST (M AXIS) .#IND ! Wait for crossing the index

KILL (M _AXIS,S_AXIS)

TILL ~AST (M _AXIS) .#MOVE

SET FPOS (M _AXIS)=FPOS (M AXIS)-IND(M AXIS), APOS (M AXIS)=RPOS (M AXIS),RPOS
(S_AXIS)=RPOS (M _AXIS) ! Set

axis origin to the position of index = zero
FDEF(M_AXIS).#LL=1 2 FDEF(S_AXIS).#LL=1

PTP (M AXIS),0 ! Move to the origin
STOP

A.3.3 Gantry Operation

1. After commutation and homing, issue motion commands for the master axis only, for
example:

PTP (M AXIS), 10000. The slave axis will move automatically.

2. Enablecommands should always be declared for both axes, for example:
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ENABLE (M_AXIS); ENABLE (S_AXIS)
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Appendix B. Dual Loop Control

Dual Loop control is commonly used when there is poor stiffness between the motor and the load
(for example, in belt-driven systems as shown in Figure 15-1). Dual Loop control for such applications
does not suffer from the drawbacks of Single Loop control, such as reduced dynamic performance
due to the poor stiffness and backlash between the motor and the load.

| — | —
— Bt
oo o

: Gear

E Bl | —
Position loop

Velocity loop iR
feedback i__.' feedbadck

=1 Mawing

the lead

Figure 15-1. Dual Loop System

The Dual Loop tuning process described in this chapter is compatible with NT Firmware
% version 2.1 or higher.

Normally the SPiiPlus MMI Application Studio Adjuster Wizard is used for fine-tuning control loops;
however, the current version does not support Dual Loop control. This chapter provides a work-
around procedure for setting up Dual Loop control.

B.1 Dual Loop Basics

Dual Loop control of an axis in NT products is more flexible compared to previous ACS Motion
Control products. The user can assign feedbacks from various channels or from an analog input to
the axis, with the constraint that the axis and channels must relate to the same Servo Processor.

In Dual Loop the control of the axis is based on at least two feedback sources:
> Load position feedback - used as input for the Position Loop.

> Motor position feedback - used as input for the Velocity Loop and for the motor's
Commutation as well.

Figure 15-2 a simplified block diagram of Dual Loop control.
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Figure 15-2. Controller in Dual Loop Block Diagram
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B.2 ACSPL+ Variables

The following ACSPL+ variables are involved in Dual Loop control:
B.21 MFLAGS

MFLAGS is an integer array, with one element for each axis in the system, each element of which
contains a set of bits used for configuring the motor.

In order to set the system for Dual Loop control, bit 20 (#DUALLOOP) of MFLAGS has to be setto 1
for the relevant axis, for example, MFLAGS(0).#DUALLOOP = 1, sets axes 0 to Dual Loop control, that
is, the Bi-Quad filter is moved from the Velocity Loop to the Position Loop.

B.22 SLVRAT

SLVRAT is areal array, with one element for each axis in the system, and is used for defining the
gear ratio between the Position Loop feedback and the Velocity Loop feedback:

position resclution

BV RAT o —
velocily resolution

B.2.3 SLVKP

SLVKP is areal array, with one element for each axis in the system, and is used for providing a
proportional coefficient that is applied to the velocity of the specified axis.

B.24 XVEL

XVEL is areal array, with one element for each axis in the system, and is used for defining the
maximum allowed velocity for the axis. XVEL affects the effective value of the Velocity Loop
proportional gain SLVKP differently:

In Dual Loop, the effective value is given by:

SLVEP gng= SLVEP @- SLVEP mfﬁ SLVRAT
If XVELQESEGEe=R] > 2% 1hon the effective gain is decreased according to the latter formula.
Otherwise the effective gainis increased.
B.25 EFAC

EFAC is areal array, with one element for each axis in the system, and is used for defining a factor
between the raw feedback in encoder counts and the FPOS value calculated by the controller.

Its format is:
EFAC(axis_index) = value
Where value ranges between 17 to 1*° (the default value is 1).

B.2.6 FACC

FACC is areal array, with one element for each axis in the system, and is used for defining the
feedback acceleration value of the axis.

B.2.7 Routing Variables

The following are used for routing a feedback to a desired axis.
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When using these variables the feedback sensors must relate to the same Servo
% Processor.

B.2.7.1 SLPROUT

SLPROUT is areal array, with one element for each axis in the system, and is used for setting the
feedback routing of the position for the specified axis.

Its format is:
SLPROUT(axis_index) = value
Where value specifies the feedback source and can be one of those given in Table 16-1.

Table 16-1. SLPROUT Values

0 According to E_TYPE position

001 From channel 0 Quadrature position or Absolute Encoder position
002 From channel 0 SINCOS positon

003 From channel 0 HSSI position

101 From channel 1 Quadrature position or Absolute Encoder position
102 From channel 1 SINCOS position

103 From channel 1 HSSI position

201 From channel 2 Quadrature position or Absolute Encoder position
202 From channel 2 SINCOS position

203 From channel 2 HSSI position

301 From channel 3 Quadrature position or Absolute Encoder position
302 From channel 3 SINCOS position

303 From channel 3 HSSI position

X04 Rout from analog input X (where X can be 01 or 02)

The controller supports a standard control loop configuration where the 0 feedback position FPOS
(0) is obtained from the 0 encoder, FPOS(1) from the 1 encoder, etc.

SLPROUT # .0 indicates FPOS is from an alternative sensor, for example, if SLPROUT(0) is 0104, FPOS
is obtained from an analog input 0 rather than from the encoder. In this case, the feedback source
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could be a potentiometer or any other device that produces analog voltage proportional to the
motor position.

The meaning of the routing value depends on the axis and the controller model. For example, a
value of 1specified for the 0 or 2 axis selects the 0 encoder, the same value for the 1 or 2 axis
selects the 1encoder.

For the values of the E_TYPE variable see the SPiiPlus Command & Variable Reference

B.2.7.2 SLVROUT

SLVROUT is a real array, with one element for each axis in the system, and is used for setting the
feedback routing of the velocity for the specified axis.

Its format is:
SLVROUT(axis_index) = value

Where value specifies the feedback source that is routed to the FPQOS variable and can be one of
those in Table Table 16-2.

Table 16-2. SLVROUT Values

0 According to E_TYPE velocity

001 From channel 0 Quadrature velocity or Absolute Encoder velocity
002 From channel 0 SINCOS velocity

003 From channel O HSSI velocity

101 From channel 1 Quadrature velocity or Absolute Encoder velocity
102 From channel 1SINCOS velocity

103 From channel 1 HSSI velocity

201 From channel 2 Quadrature velocity or Absolute Encoder velocity
202 From channel 2 SINCOS velocity

203 From channel 2 HSSI velocity

301 From channel 3 Quadrature velocity or Absolute Encoder velocity
302 From channel 3 SINCOS velocity

303 From channel 3 HSSI velocity
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X04 Rout from analog input X (where X can be 01 or 02)

% For the values of the E_TYPE variable see the SPiiPlus Command & Variable Reference
Guide.

B.2.7.3 SLCROUT

SLCROUT is an integer array, with one element for each axis in the system, and is used for setting
the feedback routing of the velocity commutation for the specified axis.

Its format is:
SLCROUT(axis_index) = value

Where value specifies the feedback source that is routed to the FACC variable and can be one of
those in Table Table 16-3.

Table 16-3. SLCROUT Values

0 According to E_TYPE velocity

001 From channel O Quadrature velocity or Absolute Encoder velocity
002 From channel 0 SINCOS velocity

003 From channel O HSSI velocity

101 From channel 1 Quadrature velocity or Absolute Encoder velocity
102 From channel 1 SINCOS velocity

103 From channel 1 HSSI velocity

201 From channel 2 Quadrature velocity or Absolute Encoder velocity
202 From channel 2 SINCOS velocity

203 From channel 2 HSSI velocity

301 From channel 3 Quadrature velocity or Absolute Encoder velocity
302 From channel 3 SINCOS velocity

303 From channel 3 HSSI velocity

X04 Rout from analog input X (where X can be 01 or 02)

Version 3.02 158




SPiiPlus Setup Guide

% For the values of the E_TYPE variable see the SPiiPlus Command & Variable Reference
Guide.

B.2.8 Configuring Dual Loop Control Procedure
This procedure is divided into two parts:
>  AXIS Setup
Where AXIS is the axis of the drive to which the motor is physically connected.
> LOAD Setup
Where LOAD denotes the load feedback channel.

In general, the axis can be different from the motor feedback channel; however, this procedure
assumes that the motor feedback is connected to the axis of the drive. Further it is assumed that
the load’s user units are employed with both feedback sensors, rather than counts. In this way, the
Dual Loop setup is easier since fewer changes are needed (scaling gains, axis limits, and the like).

For purpose of illustrating the procedure, the following was used:
>  Llinear stage drive with alead screw:
A linear encoder for stage position, rotary encoder for motor velocity and commutation.
> User units: mm.
> The motor is connected to axis ‘0".

> The motor feedback, connected to axis ‘0’, is a rotary Quadrature encoder, with 2000
[lines/revolution].

> The load feedback, connected to axis ‘T', is a linear Quadrature encoder with 12500
[lines/mm].

> Bothinclude aninternal multiplier of 4.

> Thelead screw pitch: 1] inch/revolution]= 25.4[mm/revolution]

B.2.8.1 AXIS Setup

For setting up the AXIS we employ the SPiiPlus MMI Application Studio Adjuster Wizard. The reason
for this is that while the Adjuster Wizard cannot be used for Dual Loop control, it can easily be used
for calculating the parameter values for a Single Loop thereby saving the user some time.

1. Inthe Adjuster Wizard Select Task, select the Axis.

2. Then for the task select Setup New System or Controller.
Click Next.

3. Fillin the details in the Initialization window, and click Next.

4. Inthe Axis Architecture: Axis Structure window setup AXIS as a single loop axis with the
motor's feedback; the feedback topology should be Single, on motor. Choosing User
Units Applied To Load. Thisis recommended for working in the same units with both
feedbacks.

5. Proceed until the Axis Setup and Tuning step and skip Position and Velocity Loops tuning.
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6. Save to Flash and exit Adjuster Wizard.
7. Calculate the user units for EFAC(AXIS).

User units applied to EFAC(AXIS), which defines the ratio between the motor feedback counts and
the load user units, can be calculated as follows:

1 fovad wmit
Jeedback resclution [ 501 multgpler

BFACLAXIS) =

1
gear ratio] S|
For example, for alinear motor with a feedback resolution of 500[lines/mm] and an internal
multiplier of 4, if the desired user units are [mm]:

EFAC = —\— = 0.005=> leount = 0.005mm
500 4

For arotary motor connected to a ball screw:
> Feedback resolution: 2000 lines/rotation
>  Gear ratio: Tmotor rotation = motion of load
>  Multiplier: 4
> .Required user unit:.m (micron)

1

o
ERAC= 5604 5

= 0,0625 <= Imotorcount = W0625 ton

B.2.8.2 LOAD Setup

Using the value for EFAC(AXIS) calculated in AXIS Setup, we now calculate the user units parameter
for EFAC(LOAD).

The load feedback setup requires just setting EFAC(LOAD) and verifying that the load feedback
functions as expected. (If the load feedback does not change, use the command FCLEAR LOAD to
reset the load feedback).

We will be making use of the SPiiPlus MMI Application Studio FRF Analyzer. In particular, we will be
making use of an improvement made to the FRF Analyzer in version 2.10:

In the Design mode, the FRF Analyzer simulates changes in the Position Loop servo parameter
SLPKP and the Position Loop Bi-Quad filter parameters. A separate Position Loop measurement is
required in Dual Loop systems.

1. Inthe SPiiPlus MMI Application Studio Communication Terminal enter the
command:MFLAGS(AXIS).20=1 (this sets AXIS to Dual Control).

2. Open the SPiiPlus MMI Application Studio FRF Analyzer (for details of using the FRF
Analyzer see the SPiiPlus MMI Application Studio User Guide):
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3. Setthe FRF Analyzer to the Design Mode.

4. Tune the Velocity Loop of the desired axis as in Single Loop. Note that the Bi-Quad filter in
the Velocity Loop is disabled, as this filter has been moved to the Position Loop in Dual
Loop mode (by the MFLAGS setting).

Velocity Loop tuning will not require changing if the same load user units are used.
%

. . SLVRATIAKIS) = positon foop resoitlion .
5. Disable the axis. Set velocityloap resalution ysing the feedbacks and gear

parameters. SLVRAT can be calculated as follows:

SLYRAT(AXIS) = position feedback's counts peruser wnit  Tramrmmy | BFACCAYIS)
] 3 velocity feedback's counts per user wiit - malm B EFAC LOAD)

For example:
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4 position loop resolution _ EFAC(D) _ 0.003175
velocityloop resolution  EFACTY) 000002

=153875

6. Setthe axis’ encoder factor as the encoder factor of the load feedback:EFAC(AXIS) = EFAC
(LOAD)

It is recommended initializing FPOS(AXIS) and verifing that the new movement range
% does not reach the hard stop.

For example: EFACNew(0) = EFAC(T) = 0.00002

7. To verify the value of SLVRAT, follow these steps (if manually moving the motor is
possible):

> Zero both feedback positions.
> Disable the axis.

> Manually move the axis to an arbitrary position.
FPOS{LOAD)
> (alculate FFOSAXIS) This value should be close to the value calculated in Step 4.

8. Route the load feedback as the position feedback of the desired axis, by changing
SLPROUT(AXIS) as shown SLPROUT Values.

For example, we want to route the load’s Quadrature encoder from channel 1to axis O, so
according to the table: SLPROUT(0) = 101.

9. If you need toread the motor feedback, it can be assigned to another axis, say Load, using
SLPROUT as above.

If XVEL was originally set according to the Load units, no further change is needed
after step 6. Otherwise, XVEL should be changed according to SLVRAT before tuning
# the Velocity Loop, to maintain the Velocity Loop tuning.

10. Using the FRF Analyzer tune the Position Loop of the system in Dual Loop. Measure the
Position Loop FRF separately in order to apply the Bi-Quad Filter, if needed.

Typical configurations of the Bi-Quad filter in the Position Loop are Notch filter or Lead filter which
adds phase to the Open Loop FRF, allowing improved bandwidth and stability margins. See BI-Quad
Filter for a detailed explanation regarding the Bi-Quad filter tuning.

For verification, you may measure the Velocity Loop FRF separately. It should resemble the
previous measurement of step 3.

When tuning the Position Loop, in order to produce a proper measurement and avoid
system damage, remember to change the excitation level, since the excitationis a
7 velocity command (% of XVEL), rather than current.

Version 3.02 162




SPiiPlus Setup Guide

1. From this point, the Load Feedback is used for the Position Loop and the Motor Feedback
is used for Commutation and the Velocity Loop.

Since the same load user units are used, XVEL(0) should not be changed and no further tuning is
needed for the Velocity Loop:

Wﬂl%l. 1270

XVE svasr s 40000
Dagmeno sl 1= —gpacoy - 0003175

meeronny _ KVEQEEER] 12701
%- = . = : =4
AVEL g =) EFAC (0} SLVRAT ~ 0.00002 15875 aeaoa

molorcoOuNts:

As can be seen, the raw value of AVEL—2—] remains the same after routing the load feedback
to the Position Loop, so no further change in the Velocity Loop tuning is needed.

In the Position Loop tuning, the Bi-Quad was configured as a Notch filter and allowed the
proportional gain to be further increased.
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Appendix C. Working with Dynamic Braking
C.1 About Dynamic Braking

Dynamic braking is used to decelerate or eliminate motion of the axis while the drive is disabled.
For example the dynamic brake can decelerate the motion in a case where a critical fault has
disabled the drive during motion. Dynamic braking is executed by short-circuiting the motor phases
in the drive. In the case of a three-phase motor, thisis done by simultaneously activating the three
lower transistors in the drive, as shown in Figure 17-1.

Three phase
maotor coils

e

Figure 17-1. Dynamic Brake Implementation by the Digital Drive

In the case of a DC motor, two lower transistors are activated, short-circuiting the motor armature.

During braking, the kinetic energy stored in the total moving mass/inertia of the motor is
dissipated as heat on the short-circuited phases and transistors.

4 )

Before implementing dynamic braking, follow the procedures described in this chapter

to prevent any damage to the control module, the motor, or the rest of the system. In
addition, we recommend measuring the actual developed current during maximum

deceleration using:

SPiiPlus MMI Application Studio > Toolbox > Diagnostics and Monitoring > Scope

\_ J

C.2 Dynamic Brake - Safety Verification

C.2.1 Dissipation And Peak Current — Drive Verification

You must verify that the maximum current during the braking process is lower than the peak
current of the drive.
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All of the following formulas are designed for Star Connection configurations, only.
=

The equation for maximum current calculation during braking process is for a linear motor is:

DB = =517 (1)
where:
Kg [V es/m] -is the phase-to-phase back EMF constant
Vinaz [m/s] - is the maximal linear velocity of the motor
Z=R+jxX,[Q is the phase impedance (the sum of a phase resistance and phase
reactance)
For arotary motor:
I _ KEg -Winaz
DBras = ~ 37 (2)
where:
Kg [V es/rad] - is the phase-to-phase back EMF constant
Wmaz [rad/s] - is the maximal angular velocity of the motor
Z=R+jxX,[Q is the phase impedance (the sum of a phase resistance and phase
reactance)

The inductor reactance X, [rad/sec] is:
X=wxL=2rx fxL 3)
where:

L,[H] is the phase inductance

f, [1/s] - is the frequency of the AC flowing through the
circuit. f can be found from motor velocity as:

Vi
w=2xX7mXf f=—2_1',';zch

for the linear motor, where Pitch is 180 electrical
degrees.
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for the rotary motor, where NP is the number of poles.

The linear motor impedance is found from:

)

|Z| = \/Rt +{m-f.]zl = \/R! +(2-:r-f‘£:'ll = JRI +[z-;:::h .L]- .

The rotary impedance can be found from:

Z|=\R* +(&-L} ={R*+(2-7-f-L) =

[ 2 [' 2
- I'R’+[z~x~—m“ +L} = R 4| o= *L] 5)
\ 2-7-(NP/2) \ (NP/2)
Therefore, equation (1) can be represented as:
"r max = [ KE Vw ;]
ﬁ. 'Rz‘i'[ﬁ‘ Vm .L] (6)
\ Pitch
Equation (2) can be respresented as:
fnn_m it K-, .,
NER {R3+{2*ﬂ'* i +L] (7)
\ (NP/2)

IN addition you should verify that the drive can still withstand the heat dissipation.
Assum 2V drop on each transistor, the maximum allowed power dissipation on one transistor is:

2 X Ipear, X 1sec

Thus, in order to protect the drive, you must verify that the following relation is complied with:

> Inthe case of a three-phase motor:
2(Jw? + Mv?) — AP < 6 X Ipear
> Inthe case of a DC motor:

3(Jw? + Mv?) — AP < 4 X Ipeai
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where J [ kgm2] is the total rotating inertia, M [kg] is the total moving mass, w [rad/sec] is the
angular velocity of the inertia and v [m/sec] is the linear velocity of the mass.

Both w and v should be taken at the moment of activating the dynamic brake and are directly
related to the user-determined VELBRK variable. Upon disable, dynamic braking starts only when
the velocity is lower than this variable. AP is the power loss on the motor itself. It is recommended
to disregard this element, thus ensuring that the total dissipated energy is lower than the allowed
value of the drive.

C.2.2 Dissipation and Peak Current — Motor Verification

You must verify that the motor can withstand the dissipated heat and peak current. In some
motors excessive current can lead to demagnetization.

C.2.3 Braking Torque Verification

You should also verify that the braking torque will not cause any damage to the mechanical system.
Maximum braking torque is given by:

> For aDCbrushless motor:
Tnas = KrInas 5 ~ Krlne
> ForaDCmotor:
Tmax = KrImazx
where Ky is motor torque/ force constant.
C.2.4 Dynamic Brake - Verification Example
C.2.4.1 Linear Motor

A linear motor application with maximum speed of Vmax = 1[m/s] and 20A peak drive.
Three-phase motor specifications are listed in Table 17-1.

Table 17-1. Three-Phase Motor Specifications - Linear Motor

Kg 4

Total mass

Motor force constant n/Arms 17.5

Motor peak current Arms 18.4

Back EMF V/m/s 15

Resistance per phase Q 1.2

Induction per phase mH 0.4 0.4 x1073 [H]
Magnetic pitch (180 electrical degrees) mm 15 60.96 x 103

Kinetic energy (in Joule) is:
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1 2 __
l.4.12=2

Thisis lower than the permitted 6 x 20 = 120 J of the drive.

Impedance is |Z|:..‘|'R3+[Jr-;';‘°} ~L| :\'1_23+[;r~15 !
itch )

maximum current during braking process is (in A):

Kg'V, 15-1
Ipg,,, = XplVe= _ 151y,
DBraz = "1z T Y312

This current is lower than the allowed 20A of the drive.

Itis also lower than the 18.4A current of the motor, so the motor can easily withstand the current
and resulting heat dissipation.

The braking torque will be (in N):

~ LT2
~ 17.5 V2 89.1

C.2.4.2 Rotary Motor

A rotary motor application with maximum speed of:
Wmax = 500000 [count/s] = 500000/8000 x 21t[rad/s]=392.7 [rad/s] and 20A peak drive
Three phase motor specifications are listed in Table 17-2.

Table 17-2. Three-Phase Motor Specifications - Rotary Motor

Rotor moment of inertia Kg x m> 0.000015

Motor force constant N x/Arms 0.14

Motor peak current Arms 22

Back EMF V/KRPM 16

Resistance per phase Q 13

Induction per phase mH 2.1 4.1x103 [H]
Number of counts per rotation counts 8000

Number of poles 6

Kinetic energy is (in Joule):

3 +0.000015 - 392.7% = 1.15
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This is lower than the 6 x 20 = 120 J of the drive.

[ 2 (3927 2
IR-+[W¢*L] - |||1.3-+[ = -2.1-10-3] 130
\ (NP/2) \ 6/2

Impedance is Iz| =

Maximum current during the braking process is:

16
Ippnay = Koo _ Ttz 603927 12.8
maE T 3z V327 ’

This current is lower than the allowed 20A of the drive.

Itis also lower than the rated 22A current of the motor, so the motor can easily withstand the
current and the resulting heat dissipation.

Specifications Quantity

Peak current Arms 18.4
Maximum continuous current - coils at 110° C Arms 5.1
Maximum continuous power loss - all coils W 15
Motor force constant N/Arms 17.5
Back EMF phase-to-phase peak V/m/s 15
Magnet pitch NM mm 30
Resistance per phase w 1.2
Induction per phase mH 0.4
Total mass kg 4
Encoder resolution lines/mm 250
Encoder multiplier 256

VELBRK should be: 1.5 x 1000 x 250 x 256 = 96 x 10° [counts/sec]

C.2.5 Dynamic Brake Operation Procedure

Before operating the Dynamic Brake, verify that no damage will happen due to the
dynamic Brake.

You define the Dynamic Brake (VELBRK) value in the SPiiPlus MMI Application Studio Adjuster
Wizard (see About the Adjuster Wizard. VELBRK is one of the Miscellaneous Definitions task:
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| iz - dster Wizard |

‘You are working with Axis:

Seleck Task - i : ;
e ‘Miscellaneous Definitions: Dynamic Brake
A Architechurs Dryramic Birskas
Cormponents
Safety and Protection
Miscellaneows Definition
¥ Motion Compdstion
Ervable | Disable | Brak
¥ ' Dynami Frale
Haime: Sasabich
Verification
Axis Setup and Tuning
Save to Flash
Final Page

Auis 0

) L Crymoasre Brake

Theesheld velocty [count(=}zec) 0

Eiscelanecus Defindtions: Dynamic Brake step provides the sbiity to sctivate or deacthate the dynamc beake. The threshold velocty can also be
speckind. This feabure b onky awallatde fior an acts with a bul-n deive.

- | << Back [ Mot o ||Ca‘tﬂl [
1. Select the Use Dynamic Brake checkbox.

2. Enter avalue for the Dynamic Brake in the Threshold Velocity (VELBRK) field:
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| a0z - ddnster wizard |

You are working with dsis: Axis 0

Select Task : 3 :
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Components 2 5
Safety and Protection e Sy )
Miscellaneous Definition Threshold Velooity [count{sifsec] 0
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Verification
Hsis Setup and Tuning
Save to Flash
Final Page
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spachied. Thes Festare ks only vadable For an s veth o bultn drive, ;| == Back || Het>> || Cacel |

For safety reasons, the default value for VELBRK is zero for all axes.
=

3. Click Next to continue with the Adjuster Wizard.

Dynamic braking will be activated automatically when the following two conditions are
met:

> FVEL<axis>is less than VELBRK<axis>

> the axis drive is disabled
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Appendix D. ASDF Measuring Motion Performance
D.1 Measuring Settling Time

1. Define the target position by assigning values to SETTLE and TARGRAD variables, see
Motion Completion.

2. Open SPiiPlus MMI Application Studio > Toolbox > Diagnostics and Monitoring > Scope.

Figure 18-1Figure 18-1 depicts a Scope configured to measure settling time for a
nanomotion piezoceramic motor.
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Figure 18-1. Measuring Settling Time (Piezoceramic Motor Example)

Figure 18-1Figure 18-1is taken from the old version of the SPiiPlus MMI. The operations
in this procedure are valid for the new version details of which can be found in the
[ SPiiPlus MMI Application Studio User Guide.

3. Assign a channel to monitor RVEL (reference velocity) for the axis. This shows when the
reference velocity reaches zero.

4. Assign another channel to monitor PE (position error) for the axis.

5. Assign another channel to monitor bit 5 (#MOVE) of AST (axis state) for the axis. When
motion has theoretically reached the target position, the bit will go low.

6. Assign another channel to monitor bit 4 (#INPOS) of MST (motion state) for the axis. When
motion actually reaches the target position, the bit will go high.

7. Execute the motion.
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8. Drag Rider Cursor X1to the point where AST(axis)(5) went low.
9. Drag Rider Cursor X2 to the point where MST(axis)(4) went high.
10. The settling time = X2 - X1.
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