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— n Task

allow you to define and

Profile:

3 Trapezoidal

-
(- I - L B LR L R ]

stration

Dwell Delay

Rev 4.2.0

This training module is intended to provide a full understanding of AKD. This manual will help
the user to become familiar with setting up an AKD. This workbook is the prerequisite to the AKD
BASIC training manual.

Material is subject to change based on firmware and WorkBench™ design development.

_WlE>

Because Motion Matters™




Table of Contents

Introduction to AKD™ Advanced Kollmorgen Drive™ ... ... 4
FEatures Of AKD. .. ... et e et e e e e e e e e et e e e e e anan s 4
BENETitS Of AKD .. .eeiiieiiii e e e e e e eean 4

Wiring the Drive for TraiNiNg .......ccccccccssnnnnnnnnnnnnnnnsnnsssnsssssssssssssssssssssssssssssssssssssssssssnnns 6

o1 g O o T (=T 0] [ T 6

Digital INputs and OUIPULS.......coieiiiii i 7

(@ V72T Y/ 1= 8
CoNNECE 10 the AKD DIIVE ...cunieeieiee et e e e e e e e e eeas 8
WOrKBENCN HEIP ... 10

DIIVE SEIUDP SCIEENS ...t 10

Opmode/Source/Enabled/RUnning ... 11
DRV.OPMODE...... .. e ettt e e 11
DRV.CMDSOQURGE ..... oot e e 11

1N Lo [ =T 8
LT (=T 13
B =1 011 = 14
LAV = (o T T [0 N 14
S Te7e] o1 T o o PP 15
ST VA (e =3 1Y, 0] 4T o IR 15
10 (0] o I = V= 2 16
ST Vo T C L= 115 E= TR 16
T VST d 10 | TR 16
/2= T U = 16
UL =To T 17
D] o] = YU PRPTRR 17
ST 1] T 1 PO PRR 18

N I 1, T { Y TR 1= = 19

[ (0] 10110 o [PPSR PPPRR 19
HOME MOAE TYPES ...ttt e e e e e e e e e as 19
HOME TYPE 0 it e e e e e e e e e as 19
HOME TYPES 1, 2 & Bt 20
HOME TYPES 4, 5 & Bt a e 20
HOME TYPES 7 & T e e 21
HOME TYPES 8, 9 & 10 . i 21
HOME TYPE 2. e e e e e e e e e e as 22

1Y/ (o) 1 T0Y o I 1= <] ST 22
F Y o FT o 10 =017, (01 V2= TN 22
REIALIVE IMIOVE ... e et e e e e e e e e e e e e e eaaas 22
1Yo oY o I 1= 1= T 23

EIECIrONIC GEANNG ... eeeeeiiieee et 25
== Lo L= 26
(o] [0 11V = ST 27

JLILY 12T T 28

T oo 18 To7 1 o] o 28

01T [T G I g 29
(2721810 Vo | { o P 29




SlAer TUNEE — HOW It WOTKS ...ceee ettt e e e e e e e e e e e e e e aeeeeeaeees 30

Limitations of SIAer TUNEr ... 31
Appendix A — Under CONStrUCTION .......cciiiimmeminiimssmnssssss s s s s e 33
Under ConstruCtion..............eeeeeviieeiiiiiiiiiiiiiieieeeneeeneennnns Error! Bookmark not defined.
Appendix B — Under ConStruCtion .........cocecmmmmiiiiniiissemmns s 35




Introduction to AKD™ Advanced Kollmorgen Drive™

The AKD Servo Drive is designed with the end user in mind. The AKD provides to
the customer the fastest current and velocity loops on the market. The WorkBench
graphical user interface, or GUI, makes setup fast and intuitive.

Kollmorgen servomotors with intelligent feedback devices become Plug & Play,
removing the need for any motor setup. Tuning can be completed using either the
Automatic mode or Manual mode. The Bode Tool can provide important information
about the system to which the drive is connected.

Features of AKD

e FEase of Use

Plug & Play motor combinations

Advance Tuning

Intuitive Graphical User Interface

Fastest Current and Velocity Loop on the market
Versatile Connectivity

Robust Design

Benefits of AKD
e Fast Setup
e Highest Throughput
¢ Reduced Down Time




Part Number Break Down

B = Base Drive 06 120/240 VAC, 1 or 3 phase
P = Position Indexer (Motion Tasking) 07 480 VAC, 3 phase

T = BASIC Single Axis Programmable
M = Multi-axis Master

NA without extension
NB without extension
MC Multi-axis Master

L
AKD-P01206-NBEC-0000

003 = 3 Amps continuous, 9 peak AN analog command

006 =6 Amps Continuous, 18 peak CC EtherCAT or CANopen
012 = 12 Amps Continuous, 30 peak CN  CANopen

024 =24 Amps Continuous, 48 peak EC EtherCAT

El Ethernet/IP
PN PROFINET
SQ SyngNet

Support Materials Available

e User Guide (in WorkBench Help)
e WorkBench & firmware
e Sample Motion Task & Setup




Wiring the Drive for Training

The AKD Servo Drive is mounted on the base plate and wired to 115vac for training.
The following schematic is provided since the base plate is prewired for simulation of an
electrical cabinet.

Power Connections
Include on the base plate are:

* 115vac Circuit Breaker

= 24vdc Power Supply

* Emergency Stop Button

= Power Contactor

= Auxiliary Contacts for STO

= Terminal Strip for easy connection
= Ground Bar
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Note: Not included on the base plate are the Light Curtain Contacts. They have
been added to show where the contacts could be added in a real world
application.

The I/O connections are made using the manual control I/O box, part number: AKD-
CONTROLBOX-A. The AKD I/O is Optically Isolated and can be configured for either
Sinking or Sourcing, but not both on the same connector.

24v

1/0-GND

ENABLE
ENABLE
NSTOP
NSTOP

PSTOP
PSTOP

1/0-GND

Input is sourcing — Drive is sinking Input is sinking — Drive is sourcing

Note: X7 & X8 have individual DC Commons that must be wired up. These DC Commons are
not connected internally. This allows X7 & X8 to be connected as either sourcing or sinking
independently of each other. For example, X7 can be sourcing and X8 can be sinking. But all
the connections on X7 & X8 must be connected in the same configuration.




Digital Inputs and Outputs

The Digital I/0O connections are made on connectors X7 & X8. Once the connections are
properly made, they can be configured in WorkBench. Digital Inputs 1 & 2 both are high
speed inputs with update rates of 2us. Digital Inputs 3 to 7 are standard programmable
inputs with update rates of 250 ps.

The function of the input can be programmed in WorkBench and selecting one of the
twenty-one available modes. Each input has a drop down box with the available mode.

Ger

The mode selected will depend on

o B 000 (i) 9 it the application requirements.
e e Keep in mind End Of Travel limits
” oo . are, in most cases, Normally
- 0] () i Closed, and Home Switches are
' cor S —— Normally Open.
S«a\oe
DOUT2: & ble 0.000
Digtal Relay: o= No faults. Relay closed.

All of the inputs can have Filters add, or the Polarity changed. Adding filters can be very
helpful when the input is from a mechanical switch that may bounce when closing or
opening.

Setting the filter to 0 — Off will allow all inputs to be
detected. The image to the right is a scope plot of : :
Digital Input 1 with filters off. The input is coming | PR L
from a snap action switch. The bounce of the : '
switch is clearly visible in the scope plot.

A bouncing input can trigger more than one move.
Adding a filter can insure the trigger will be
acknowledged only once.

The available filters are:

= 0-Off (detects all inputs >40ns wide)

= 1-10us (detects all inputs >10.24us wide) |

= 2-—162us (detects all inputs >163us wide) Time [milliseconds]

= 3-2.62ms (detects all inputs >2.62ms wide) Digital Input with filters off.
Polarity allows the input to be changed from Active High to Active Low. Polarity can be
changed in Workbench by clicking Polarity,¥] Active High | or by setting the parameter. The
parameter is, DINX.INV, and will be set as follows.

= 0 - Inputis Active High
= 1 —Inputis Active Low

CAUTION: Changing the Polarity with the drive enabled can cause unexpected motion.




WorkBench - AKD™ Positioner
Overview

The Advanced Kollmorgen Drive is the most advanced servo drive on the market. The
WorkBench software used to set-up and program the drive is an intuitive graphical user
interface. The power of the AKD comes for its high level features such as:

e Plug-and-Play compatibility with Kollmorgen motors
¢ Digital Signal Processor Control

e Optically Isolated 1/0

e Highest Current Loop & Velocity Loop Bandwidth

e Fastest Digital Current Loop on the market

¢ Wide Feedback Range

e Multiple Bus choices

The AKD is a powerful, yet easy to set-up and use, digital servo drive. Its compact
design makes it the industry leader in power density.

Connect to the AKD Drive

To communicate the AKD Servo Drive, the WorkBench graphical user interface is
provided. The most recent released version can be found at: www.kollmorgen.com.
The current versions of Workbench are compatible with the AKD and AKD BASIC.

Open WorkBench™,

“. Connect To A Drive EI@
*fou can either select a drive from the list of drives found on your network or l} @) Telme more
enter the address.

WorkBench has found the following devices. G Is vour device is not shown?
Name Status IP Address  MAC Address Model Number Firmware Version
PodsNo-1 Free 10.8.41.50 00231BOOE21E  AKD-TOO306-NBAN-DD0D M_01-11-00-007

[ Specify Address: | 10.2.41.81

Network Connections
Mame Status Device Na...  |P Address Mask Discovery Protc
Bluetooth Network Connection  Disconnected Bluetoath ... Broadcast
R Ceemeiod elTAEARAA10L _ccaccaccn Noeeodoo ;




IP Address

In order to use the AKD, you must be able to communicate with the device using
WorkBench and an Ethernet connection. The AKD uses TCP/IP. Both the AKD and the
PC must connect through this standard in order to communicate.

Automatic (Dynamic) IP Address

The IP Address for each drive can be set automatically, or
dynamically. This is using the Dynamic Host Configuration
Protocol (DHCP). To set the drive to Automatic IP Address
set switches S1 and S2 to 0. Either power the drive up or
cycle power.

The drive will display an I-P on the display followed by the
address. This address can change each time the logic
power is cycled.

Static IP Address

A Static (fixed) IP Address can be set using rotary switches S1 and S2. The IP address
for the drive will be set to 192.168.0x1x2. The last two numbers, x1 and x2, are set by
S1 and S2.

Example:
We want to set the drive address to reflect its location in the system. This drive
is Axis No. 15.
Slissetto1&S2issetto5
The IP address of the drive is now: 192.168.015

For your computer to see the drive it must be setup in the same domain. To set your
computer up, go into your control panel. Here you will find either Local Are Connection
or Network and Sharing Center. If it is Network and Sharing Center enter this to find
Local Area Connection. Note that your screen may look differently depending on your
version of Windows.

View your basic network information and set up connections

P See full map
o Po @ Packst Sch
o Pad cheduie
RADLT-FYLGCSL dhrmotion.com Internet = 2 e =
(This computer) EF\IB and Printer Sharing for Microsoft Networks
) & Intemet Protocol Version 6 (TCP/IPvE)
View your active networks Connect er disconnect
& Intemet Protocol Version 4 TCP/IPv4)
I r dhrmotion.com Access type: Internet ~&- Link-Layer Topology Discovery Mapper |/ Driver
S 7 Domain network Connections: [ Local Area Connection & Link-Layer Topology Discovery Responder

In the Local Area Connection click, on Properties then scroll down to TCP/IP version 4
and click on Properties again. Set Use the following IP address and enter:

IP Address: 192.168.0.100

Subnet mask: 255.255.255.0
Then click OK.

At this point the drives IP Address will appear in the screen and the PC can connect to
drive. This address will not change until you decide to make a change.




WorkBench Help

Within WorkBench is provided quick access to the help screens. These can be
accessed using the Help tab, or the F1 key. If the Help tab is used the search screen
within Help will allow you search on a specific topic. In the example a search of
DRV.ACTIVE was made returning 14 results.

8 =|

Your search for "DRV.ACTIVE"returned 14result(s).

DRV ACTIVE

DRV.ACTIVE General Information Type R/O Parameter Description Reads the enable status of an axis. Units N/A
CommandParamRefGuide/DRV/DRV_ACTIVE htm

Using the F1 key can take the user to a specific section by clicking on the screen, or
within a specific parameter to narrow the search. For example, from the Motor screen
and clicking in the Motor Poles then F1 brings up the Help screen specific to
MOTOR.POLES, the parameter name.
Jr—— At this point all the general information about
this parameter is displayed. Some of the
important information displayed is Type of
parameter, Units, Range, and Data Type.
Also include is the Variants Supported which
is helpful if the parameter is to be changed in
NS Do other drive types. The Fieldbus Information
— provides the format and for this parameter in
EtherCAT COE, CANopen, and Modbus. A
detailed description of the parameter is also
provided as well as Related Topics.

Description
MOTOR POLES sets the umber of motor ples. Ths command s used fo commut.
of moto poes (WOTOR POLES) an feedback pols (FB POLES) mst be a nteger

Another helpful feature is using the Right Click in e N
the parameter box. A drop down box will appear ot ;| @ paameerino
in which is the selection, “Parameter Info” is Tora Consat . R
available. When this is click a box with a brief "™ B pewes

Click on the message to close.

description about parameter will appear. At times oo
this is enough information to help complete the = "=
current setup task.

Drive Setup Screens
Drive Overview

Settings
e Motor e Units
e Feedback 1 e  Modulo
e Feedback 2 e Limits
e Brake e Home




Power

The Power screen allows the bus voltage to be monitored, the DC-bus Over-Voltage
threshold, DC-bus Under-Voltage threshold, Under-Voltage Fault Mode, and the
Operating voltage.

—
VBus Voltage [Vdc]

0 50 100 150 200 250 300 350 400 450 500

Y P FAT AT T SNy SRRy RS R Y

U NN NN EEENE EEEEN EEEER EEEE )
165.951

Opmode/Source/Enabled/Running
DRV.OPMODE

The AKD™ servo drive has three operation modes in which it can function. The
operation mode, or DRV.OPMODE, of the drive is selected for the application in which
the drive is being used. The “Opmode” ranges are 0 to 2.

Mode | Description

0 Current or Torgue mode

1 Velocity mode

2 Position mode
The display is indicating that the drive is in position |
mode and not enabled. [
The display indicates that the drive is in position -
mode and the drive is enabled and active. LIL.

DRV.CMDSOURCE

The Command Source sets the method with which the drive will be communicated.
During setup of the drive the command source is usually set to 0 for Service mode.

Value Description

0 Service/TCP/IP

1 Fieldbus

2 Electronic Gearing
3 Analog

5 Program

DRV.CMDSOURCE 5 is only available in the AKD BASIC servo drive and is used in the
programming mode.




The command source can be changed from the Workbench setup screen, or from the
terminal screen.

If the DRV.CMDSOURCE is changed in the terminal screen while the drive
is enabled the system can experience a step change in command. This can result in
unexpected motion.

The AKD™ servo drive has to two states when operating. The drive can be enabled or
disabled. This is displayed by two LED’s located on the front of the drive, and in GUI.

There times that the drive can be enabled but not active. For the drive to be active both
the Hardwar enable, HW, and Software enable, SW, must be true, and no faults can
have occurred.

W Drive Active Information E
Dynamic Brake (False) © Power Stage (ON)

Software Enable (True)
Mo Faults (True)

Hardware Enable (True) \I

In- rush Relay Closed (True) & [
Initialization Success (True)
Mo Contrelled Step (True)
Fieldbus Enable (True)

TDFivE active. [ SW THWT TS TSTOT TN FaaE Mg Warmnge, ArD-POUSTE-TIREC-U000

The diagram above is the Boolean representation for DRV.ACTIVE to be true. There
are no faults and the Software Enable (SW) and Hardware Enable (HW) are true.

Below the DRV.ACTIVE is false and the Power Stage is off. Missing are the Software
Enable (SW) and Hardware Enable (HW).

&) Device Status

Dynamic Brake (False) O——————————————————
Software Enable (False) O———
No Fault (True)
In-Rush Relay Closed (True)
nitialization Successful (True)
o op (True)
Fieldbus Enable (7) O——
Hardware Enable (False) O Power Stage (Off)
STO (True)




Units / Terminal / Watch window / Scope Tool

Units
?

e The Units screen is used to set the three primary drive parameters of acceleration,
velocity and position into user defined application specific units. This will allow the user

to work in clear understandable units.
established in this section.

Motion Task will reflect the units as they are

For a motor only we can still set the units to our desired values.

In this example the position units are set to

degrees of the motor shaft, velocity is in

(Revolutions Per Minute) of the motor shaft, and
acceleration is being set to RPS/s (Revolutions

Per Second per Second).

The range of available units allows the system to
duplicate any mechanical scenario found in

industry.

RPM

Fostion it

2- Degree motor shaft) i
0- RPM fmotor shafi) v

Velocty Uit

Acceleration Unit:

For a motor connected to a lead/ball screw with a lead of 0.5 inches/revolution of the

screw, we can set up our units as follow.

In our example the motor is connected to
the screw directly. The input has be set to
turns to show that this can be expressed
asaturns1to1.

The Lead is set to 0.5"/rev of the motor.

Position Unit [3 - Custom {mechanics dependent) ']

Velocity Unit [3 - Custom/s (mechanics dependent) ']

Acceleration Unit: [3 - Custom/s™2 {mechanics dependent) ']

Custom Position Urit: [inches ‘]

Velocity will be in Inches/second, and acceleration
will be in Inches/second/second.

Workbench provides many examples of
mechanical devices. Each one has a
pictorial of the device to assist the operator
to correctly enter the information.

The gear ratios are entered the same way
for each unit. Either as none, Turns, or
Teeth.

v? Units

]

Select Type of Mecharics: [Lead Screw

Position units are set the mechanics of the
device. Since our lead screw was defined
in inches, the position will be provided in
inches as well. Also velocity and
acceleration will be mechanically
dependent.

@ Tums
@ Testh




Terminal

% Terminal Screen allows parameter or command to be check and entered directly
from the drive and to the drive. In most training sessions the terminal screen will be the
first stop. From here the drive can be set back to factory defaults.

Note: It is important to make sure you back up the parameter files before resetting the drive as all
values will be overwritten.

Terminal DRV.RSTVAR will restore the drive to its
e : default values. As you begin typing the

parameter into the terminal screen it will
begin to auto fill. To the right will be a
short explanation of the parameter or
o — et et e ot i command.

F1 can be used at any time in any screen. This will be the fast way to the help section of
Workbench. While in the terminal screen hitting F1 will take you the section on the
Terminal Screen.

Watch Window
18] The watch window allows selected parameters to be view in real time such as the

VL.FB, or the velocity feedback of the motor. The watch window can be turn on in three
different ways. The first is from the View tab at the top-left of Workbench.

e — From the tree: Ctrl +W will open and close
QO OQ|RD Refresh Fs View- the watch window. Or the
Vet o6 ToggeWatchPansl_ W _] Icpn of the glasses can be
p i - Toggle Watch Pane  clicked to alternate between
HO Fomerd S open and closed.
il - v v %" Kollmorgen WorkBench

File Edit sigw Tools Help
(€] ﬁ@ isable | Stop | 0 - Service v | 2 - Posit
Device Topolog L]

At the bottom of Workbench will appear the Watch Window. In the example below we
are monitoring Position Feedback (PL.FB), Current Feedback (IL.FB), Velocity Feedback
(VL.FB), and the state of Digital Input 1 (DIN1.STATE).

Watch

Enable Device Parameter Value Units
Red (Cnling) VL.FE - Velooity feedback 0.351 rpm
Red (Online) PL.FEB - Position feedback -110.855 deg
Yellow (Onling)” WL.FE - Velocity feedback 0.000 rpm
Yellow (Onling)”™ PL.FE - Position feedback 12 inches

If more than one drive is connected to Workbench Device can be setup for additional
axis and different Parameters can be set for each. This provides a simple solution to
monitor the different elements of motion.

While the watch window is providing the parameter information in real time, it is not
recorded and cannot be played back or viewed at a later time.




Scope Tool

The Scope tool allows the user to collect and view six channels of data from the
drive. Using the trigger mode will allow data to be collect at the same points in a move
when repeated.

In the Scope Tool, Channels allows the selection of parameters to be monitored,
displayed, and saved for later recall. Parameters can be selected from the Source
section. Clicking in the box will bring up a list of parameters. Below we see the default
parameters: Current Feedback (IL.FB), Velocity Command (VL.CMD), and Velocity
Feedback (VL.FB).

Channels | Timebase and Trigger | Service Motion | Motion Tasks | Servo Gains | Observer | All Gains | AR Fiter | Save and Prnt | Messurs | Cursors | Display | Settings|

Id |Source Color Hide ¥ Axis Filter Filter Frequency
1 Current feedback (ILFE) | = Current @] 200
2 Velocity command (VL.CMD) _D Velocity ] 400
3 Velocity feedback (VL.FB) I Velocity ] 400
4 None =] Default =] 400
5 None | [ml Default E 400
i — c n

Clicking in the Source section will pull up a list of standard parameters that can be
select. Not all the parameters available are on the list so an <User Defined> parameter
is available.

Time-base and Trigger allow the Recording time and Zamp:-g o -
Trigger to be setup. The Recording time can be set by "

. . . . . . Sampling Frequency: 3.200.000 = z
simply adjusting the time in milliseconds. If, however, Fing rresene ;
. . e MNumber of samples: 4,800
there is a need to increase the number of samples within
Sampling Interval: 325 s

a given time the button can be click to provide
access to the Sampling frequency and Number of [] Repeat Aming
samples.

The Trigger is used to begin the recording at the same  Trager
place in the move every time. The most common  Sewce: [Velosiycommand (VLCh )
Trigger Type is VL.CMD. Since a position move will  Leve: 5.000
generate a velocity command, VL.CMD, it is a very good i 1200000 = ms
trigger point. The level is set slightly above the ambient
velocity command, or that which holds position.

Slope: [1 - Positive ']

The slope indicates the direction of the command off which the trigger will occur. If our
first move is positive this will be set to 1-Positive, and if negative it will be set to 0O-
Negative. Position is the amount of record time that will be kept in advance of the
trigger. When the system is armed it basically recording data at that point and will keep
the amount of data based on the Position time.

Service Motion

Serv|ce Motlon a”OWS a move or motlon to Channels | Tims-bass and Trigger | Service Motion MmmnTaskslSeanalns|Ohsente(|NlGalns|AR
be created from the scope screen. This | ™ Go: (G | LI

Velocty 1 250000 mm Time 1 500 me

can be very useful during the tuning or |wey: 00 e Twes 50 e
troubleshooting process. The motion can | sseeer 10000000 pruse
be a Single pUISe, Reversing motion, or a Deceleration: 10.000.000.000| /s
continuous move.




Motion Task

From the Scope screen a motlon task can ChannelsI'ﬂmahaseandTriggarlSeMce Mntinn| Mation Tasks ‘SewnGainlebsemerlN\Gains|AF
be called. Using the motion task in the Moon Tk v [
H H H Position [deg] Velocity [pm] Acceleration [pm/s]  Deceleration [rpm/s]

scope will allow the exact motion required | 5 o T T T

for the application to be triggered and NEXD 240,000 99859 504 99899 904 [

captured. A plot of the motion task can L L 120,000 10000189 10000169 %
. . 3 0.000 1200.000 10000.169 10000.163 i

show any problems in the motion that may =

be occurring.

“

Servo Gains

Servo Gains, Observer, All Gains, and AR Filter will be addressed in another class. All
of these can be seen from the scope screen and changed to improve the system
performance. As always, care should be taken when changings gains and filters as
systems can become unstable.

Save & Print

After a scope plot has been taken it may sl v JEo =
i H -5 Export Format

be Important to Share the Scope pIOt Wlth @ BMP 0 JPG PNG EMF WMF

your coIIeagyes commis_sioni_ng PUIPOSES, e tnstssms s[5 R

troubleshooting or bragging right. e

The scope plot can be saved as an image

in BMP, JPG, PNG, EMF or WMF format. o

The plot can also be saved in a csv (Comma Separated Values) file format which will
allow the data points to be brought into an Excel Spread sheet. This can be very useful
when evaluating the data collected.

The scope plot can also be sent to a print to create a hard copy. Associated with the
print tab is the Page Setup tab which allows the page to be set to the most practical
format for display. For example, Landscape or Portrait.

Measure

[ channels | Time-base and Tngger | Service Motion [ Motion Tasks | Serve Gains | Observer | Al Gains | AR Fiter | Save and Frint | Measure | Cursors | Display | Settings |

Name Average Minimum Maxdmum Peak to Peak RMS Units
Posttion feedback (PL.FB) 539.543 0014 1549645 1545659 525685 deg
Welocity command (VL.C... 0.000 1201425 243784 1445209 286338 mm
Velocity feedback (VLFB) 0.012 -1,214963  276.891 1451354 286487  mm

The measure tab allows basic information to be displayed. The data displayed is that
set in the Channels tab and will indicated the Average, Minimum, Maximum, Peak to
Peak, and RMS values. The data will be displayed in the units set for the system.

The average value is based on the sum of the data points divided by the number of data
points. The minimum and maximum values are the highest and lowest data points. The
Peak to Peak value is the value from the minimum to maximum values.

RMS (Root Mean Square) is the geometric average of the value.




Cursor

Position feedback (PL.FB) [deg] Velocity command (VL.CMD) [rpm]
Velocity feedback (VL FB) [rpm] Digital input 1 state (DIN1 STATE)

To measure the values between two points the |
cursor can be used. The left Right Cursors can |
be moved to their positions and the distance
between them in Time and the set units can be 1
displayed. T

In the example the left cursor is set on the rising
edge of the digital input 1 state. The right cursor
is set at the end of the last motion task before the
return move. Between the two cursors is the 7§
measured time, Position, Velocity Commanded
and Velocity.

We can see from the measured data that the move time is 1,065.000 milliseconds, or
approximately 1 second.

Since the motion task is set to move out 1,550 degrees and returning to zero, the
position is measure just before the return move. If it was measured after the return
move it would read approximately zero. We measure the distance moved as 1,549.581
degrees.

| Channels | Time-base and Trigger | Service Mation | Motion Tasks I Servo Gains | Observer | All Gains | AR Fitter | Save and Print | Measure | Cursors | Display | Seﬂings|
Show Cursors

Name Left Cursor Right Cursor Difference Units

Time 5775 1,089.225 1,065.000 ms L\\)
Position feedback (FLF... - 1549575 1,545 581 deg

Velocity command (VL.... 0.007 4257 4.250 mm

Velocity feedback (VLF... 0122 -4.039 4161 mm

Display

The Display tab allows adjustments to the displayed data to make the interpretation of
the data easier. Controls allow the viewer to zoom In and Out, Pan Left and Right,
display the current data along with the last three.

‘ Channels | Time-base and Trigger | Service Motion I Motion Tasks I Servo Gains | Observer | All Gains | AR Fitter | Save and Print | Measure | Cursors | Display ‘Seﬁingsl

ground Color
Use Large Fort
v ™ Remember Axis Scale

Horizortal Grid
[] Vertical Grid ° History

Show Zero Line Cument Reading
[ Markc Poirts [] 2nd Reading ~ -------- I"\5
Zoom |
e

[ Show Data Zoom Out Al [T 4th Reading - - -

The legend can be removed, the Font enlarged, Horizontal and Vertical grids added or
removed, and a Zero Line displayed. The data points can be marked as well, but with a
large number of data points the display can be cluttered.

Show Data will display the individual data points and their magnitude.
Zoom Out All will return the display to its original state.




Settings

Settings allows for a series of Preset Scope settings to be created. These settings can
be retrieved and used as needed.

| Channels I Time-base and Trigger I Service Mation I Motion Tasks I Servo Gains I Observer I All Gains I AR Fiter I Save and Prirt I Measure I Cursars I Display| Settings |_
Scope Settings Y Axis Group Settings

None
Reload Cument: End Mill-Test-1 hd L\\)
BullFrog1
Save Digtal-Trigger
End Mil-Test-1
Save As... ] mport...
o ) [ B

Clicking on the Reload Current tab will bring down the list of preset scope settings.
Loading a preset will set the Channels to be recorded, the recording time, triggers etc.

The preset scope settings can be exported to the computer's memory and shared as you
would any other file. Files can also be Imported and used. This is very helpful during
long distance troubleshooting where the data being collected will need to be as close as
possible.




AKD™ Motion Task

Homing

@ Before a position move can be executed, the home position must be established.
Workbench provides fifteen different methods to home a system and the type selected
will depend on the application and mechanics to which the motor is connected. Each
home mode provides flexibility when working with the application.

To select the proper home mode, HOME.MODE, will require an understanding of the
application. If the application does not require a known starting point, such as the case
for a conveyor that must index a set distance on a trigger, then a simple home type can
be used. Home mode 0, “Home using current position”, can be used. This will basically
allow the current position to be the starting point.

o
Q
()

Description

Home using current position

Find limit input

Find limit input then find zero angle

Find limit then find index

Find home input, including hardware limit switches

Find home input then find zero angle, including hardware limit switches
Find home input then find index, including hardware limit switches
Find zero angle

Move until position error exceeded

Move until position error exceeded, then find zero angle

10 Move until position error exceeded, then find index

11 Find index signal, without any precondition

12 Homing to a home-switch, including mechanical stop detection

13 Home using the feedback position

14 Find home input — Only in given direction

OO |N[ (|~ W= |OZ

Home Mode Types

The home mode types can be broken into: use current position, find the limit switch, find
the home input, move until position error exceeded, and find zero angle or index. Each
of these can be modified to provide an offset from the home position.

Home Type 0

Mode Type 0, use current position, will make the current position the home point.
Although a very basic home type, it can be modified using Offset and Position. This
means the current position doesn’t have to be defined as zero, but can be given any
desired position, and the load can be moved from this position.

Mode Type 0 is very useful when you have a device that is not concerned with the actual
starting point such as a conveyor that will index a defined distance once an input has
been triggered. In other words, where it is beginning is not as important as where it is

going.




Home Types 1,2 & 3

Using Mode types 1, 2, and 3 we see that this is basically looking for the limit input, or
End-Of-Travel switch (EOT). Modes 2 and 3 have the added “... then find zero angle”
and “... then find index.” Each feedback device will have either the zero-angle or the
index. SFD, EnDat Sine Encoder, BiSS, and Resolver will have the zero-angle. The
incremental encoder with and without Halls will have the index. These are precise
positions in the feedback device that do not change unless the motor or feedback is
changed.

Home Types 4,5 & 6

Using Mode Types 4, 5, and 6 will be looking for a dedicated input specifically for the
Home Reference. This input can be a snap action switch, which is inherently inaccurate,
or a non-contact type switch such as Hall Effect, Inductive Proximity, Capacitive
Proximity, or Photo-detector Proximity switch. As with Mode Types 1, 2, and 3, finding
the Home Reference input can increase the accuracy by adding the zero-angle or index.

Homing to a limit switch, home input switch, or a physical hard stop can provide a
position that may fluctuate depending on the switch type, ambient temperature, or other
environmental or material changes. For example if the machine is using home mode 8,
which will drive the mechanical components into a hardstop, and the hardstop is a piece
of rubber the position will change with temperature as the rubber softens or hardens.

To remove this inaccuracy due to temperature, the load can move to the hardstop then
move off to the zero angle or index of the feedback device. This will make the homing
very repeatable.

In most cases when homing to a limit switch or hardstop an offset is desired. The Home
setup screen provides for this offset. The example below is for homing to a limit switch
with an offset.

?,, Units

T You can select the urits used for postions, veloities and acoelertions

Homing Example: ot ot et
Units have been setup for connectionto a .=
Lead Screw. The lead is 0.5"/rev. The -
Position Unit is 3-Custom (mechanics
dependent) which will provide position in
inches when Custom Position Unit is set to
inches; Velocity Unit 3-Custom (mechanics
dependent) which be in inches/second;

Acceleration Unit is 3-Custom (mechanics ...

dependent) which will be in inches/s?. e

For this example the load will be homed in the negative direction, a 1-inche offset will be
provided, and the final position will be zero.




Velocity, Acceleration, and Deceleration Home

“This page is used to issue a homing command. The home command is used to zera the diives postion.

have been set to moderate values. The ssmws

(3 Find limt input then find index -

Home Mode is set to type 3-Find limit -

input then find index (feedback is | f—_‘wa _

incremental encoder). The direction is T N

set to 0-Negative; this will allow the s —
moves to be positive from home. The = o e
position is set to -1, and distance is sett0 s e G
1. This means when the limit switch is == . T
found the system will move off to the www o beres
index position. This point is now defined ™= 1

as -1, then the system will MOVe POSItIVE oo ssiines @ commses

1 inch. The Position Feedback now === M @ Deblivheclont

reads 0.00 inches.

When homing to a limit switch the switch must be made long enough for the
system to decelerate to zero and the switch still triggered. The switch can be overshot if
the deceleration rate is very low and velocity is very high. A homing error will occur.

Home Types 7 & 11

Home Types 7 and 11 are very similar. Both use the feedback device’s internal
reference point for homing. Homing using the zero angle or index and adding an offset
can be used with each of the other Home Modes.

Home Types 8,9 & 10

Home Types 8, 9, and 10, Move until position error exceeded, are commonly called
Homing to a Hard-stop. Basically the current will be reduced to prevent damage and
the load will be moved in one direction or another until the position error increases above
the set value. Care needs to be taken to prevent damage of the mechanical system.
The Peak Current limit set in the Homing screen needs to be high enough to overcome
all frictions in the system, yet low enough to not damage the components.

A common mistake when using Home Modes 8, 9, & 10 is to have an offset move in the
same direction as the home direction. For example using Direction: 0-Negative and
Distance: -1. Since the system was moving in the negative direction when it
encountered the hardstop, it cannot move -1 as this will be beyond the hardstop. The
system will generate an Error as seen below.

o O
siancs: -1.000 Eror: O =
Distance: inches & Error
Position: -1.000 inches Position Feedback: -1 Homing error condition has occurred (high
) active)
Position Lag: 0.250 inches Auto Homing: 0 - Disabled
Click on the message to close,
Welocity: 20000 pm Press Tab to ignore and continue.




Home Type 12

Home Type 12, Find home input (account for mechanical end stops) will allow a system
to travel to a hard-stop, turn around, and continue looking for the Home Reference input.
This home type removes the need for adding End Of Travel limit switches to the system.
It is important to be aware that this system works similar to the Home Types 8, 9 and 10,
except the hard-stop is the EOT. Peak Current will need to be reduced enough to
prevent damage, but high enough to overcome frictions in the system.

Motion Task

D In many applications point to point moves are all that is needed. AKD and
Workbench can allow simple to complex profiles to be entered into the drive and moves
triggered by the 1/0.

There are two basic types of move available in the motion task. These are Absolute and
Relative moves. While both are motion types, when and how they are used is
application dependent.

Absolute Move

Absolute moves are excellent when working in a finite space such as an actuator. Since
the travel is limited to the length of travel in the actuator, Absolute moves help prevent
an accidental move beyond the travel limits.

If the systems begins at 0 degrees and an absolute move is commanded for 360
degrees, the system will move to that point. There is only one point that is 360 degrees.
If the move is repeated two more times the system will not move since it is already at

360.
@ @ & & g @
-720 -360 0 360 720 1080

Relative Move

Relative move, or Incremental move, is based on making a move of a certain distance.
The starting point is irrelevant, since the move is starting from whatever point it is
located at the time the move is initiated.

If the system begins at 0 degrees and a command to make a relative move is given the
system will move to 360 degrees. If the command is given two more times the system
will make two more moves each equaling a distance of 360 degrees. The final position

is 1080 degrees.

L 4 o &
360 720 1080

& &
=720 -360

=} ]




Relative moves are used in applications were the system can make repeated moves
without coming to the end of travel such as indexing tables or conveyor systems.

A clear understanding of Absolute and Relatives is required to insure that the correct
move type is used in the application. As we can see from the two examples, if
connected to an actuator with a travel limit of 360 degrees, the Relative move would
have found the end of travel and possibly damaged the actuator.

Motion Task

m There are two ways create a motion task. The first is to enter the data into the
data spreadsheet. Below we see that a move of 360-degrees at 1000-rpm has been
created. The spreadsheet can be expanded to the right to add the column for the
Following Task, which is the task that will be executed after the current task, the Start
Condition and Dwell Time if the Start Condition calls for a Dwell between the Motion
Task.

Motion Tasks € Leam more about this fopic

Motion Tasks allow you to define and configure drive motion tasks with their respective sequence

P> Stat Metion Task Running: Idie

Postion [deg] Velocity [pm] Acceleration [pm/s]  Deceleration [pm/s]  Profile Profile Table Type Constraints Next Task Start Condition Dwel Time [ms] -

Mo om o wan ST SrTEEmE TS EmmE 0 [
1 [ - - - - —r
2 [ s s = -l B
[ | —r

The second method is to double-click the Motion Task number which will bring up the
Motion Task screen. The Motion Task screen is for a single task. It provides a visual
representation of the move and allows all the parameters to be edited in one place.

. Edit Single Task =
The type of move can be selected as: Motion Task e
AbSOI ute Motion Taskc alow youto define and Gorfigure in details drive motion tasks
Relative to command position (PL.CMD) el
Relat!ve to previous target position o
Relative to feedback position
The units for Position, Velocity, Acceleration, e

10000000 /s

and Deceleration are defined in the Units
Screen. It is important to set the Units | wwmwir 5
appropriately for the application.

Duvell Time:

Following Task is the task to be completed
after this Motion Task. They do not need go in
order and jump around as needed.

One move can blend into the next as defined in drop down section. One task can blend
into the acceleration or velocity of the next task. Scope plots of each Blend type can be
found in Appendix A.




Exercise

Objective: to create a series of motion task connected together using different start
conditions and blending that will be trigger from an |/O condition and captured using the
Scope tool.

Setup the following motion task all of which will Absolute moves, Trapezoidal Profiles,
and Acceleration /Deceleration 10,000 rpm/s:

Task No. Position (degrees) Velocity (rpm) Next Task Start Condition Dwell Time
0 1200 300 1 Dwell Time 250
1 2400 600 2 Dwell Time 250
2 3600 1200 3 Dwell Time 250
3 0 2000 none

Set the scope to record VL.FB, PL.FB, and DINx.STATE for the digital input selected to
start the motion task. In example, digital input 1 will be DIN1.STATE.

Channels |Time-basa and Trigger | Service Motion | Motion Tasks | Servo Gains | Observer | Al Gains | AR Fitter | Save and Print I Measure ICursors | Display | Semngs‘

Id |Source Color Hide Y Axis Filter Filter Frequency
1 Velocity feedback (VL.FEB) | [ Velocity @] 400
2 Position feedback (PL.FB) _D Pesition E 400
3 Digital input 1 state (DIN1.STATE) _D Digital 1O El 400
4 Nene [} Default =] 400
5 None [ (=] Default ] 400
& None B Default B 400

Set the scope to record 2.5 seconds of data, while triggering off the velocity command
going greater than 5 rom. Remember to set the slope to 1 — Positive to catch the rising
edge. Arm the scope then trigger the motion task.

Channels | Time-base and Trigger | Serviee Motion | Mation Tasks | Serve Gains [ Observer | Al Gains | AR Fiter | Save and Piint | Measure | Cursors | Display | Settings |
Sampling Trigger

2500.0000 = ms Source: | Velocity command (VL.Ch

2000000 Hz Level 5.000

Recording time:
Sampling Frequency:

Number of samples: 5,000 Postion:  |25.0000 = ms

Sampling Interval:

500 ps Slope:

[] Repeat Aming

The example below is similar to what you should have displayed. The shape of the
move profiles may vary due to tuning and load. The blue line is the digital input that
triggered the move. The red line is the velocity profile for the moves. The green line is
position during the moves.

@ Scope @ Loam more shout thstopic
~lowsto etieve dfferent parameters and los values
[—— Velocty feedback (VLEB) [rpm] _—— Posiion feedback (PLFB) [deg]  —— Digial put 6 state (DIN6 STATE) |
1050 ¢ 3760.181 1437.420
0010 £ 3384157 1060885 }
0830 § 2088133 702.343
0720 £ 2502100 334800 1
= 0010 15 2106085 L B2748 -
o A £
5 0500 5 1600061 12 -400.267
) H s
8 0300 £ & 1400036 32 o783 +
0280 £ 1008012 135,373
0170 + 611988 1502.916 +
0060 § 215064 -1870.450
00501 -180060 -2238.002 } } }
0 500 1000 1500 2000 2500

Time [milliseconds]




PLS - Programmable Limit Switches

o170

)

PLS Configuration

Programmable Limit Switches

This page allows to configure the Programmable Limit Switches(PLSs) and see their curent states

Enabled State Mode Pasition Units: Width/Time
PLSE 2l Q 2390000 deg 26590 deg Reset
PLSS Q@ 2990000 deg 2699 deg Reset
PLSE & 3590000 deg 26990 deg Reset
PLS7 ] & 0000 deg 0000 deg Fieset
To connect the states to the OR gate, the box must be e G
checked. The state indicator will illuminate when that point T
. . . . PLSS-State- () @
is true, and will not be illuminated when not true. -G
PLSE-State- ()

PLS.EN enables the programmable limit switch. The range is 0 to 255, and is a binary
representation of the 8 programmable points. PLS.EN 255 will be for all points on, while
PLS.EN 0 is for all points off. Any combination of points can be enabled based on the
binary value of PLS.EN. PLS1 is the least significant bit, and PLS8 is the most
significant bit.

@ Scope

Digital VO []

Allows to retrieve diferert parameters and plots values

1050 ¢
0940 ¥
0.830
0720 +
0610 +
0.500 %
0.390 ¢
0280 +
0170 +
0060 +
-0.050 £

Default [-]

—— Position feedback (PL.FB

[Degree] —— velocity command (VL.CMD) [rpm]

—— Velochty feedback (VL.FB) [rpm]

3873.613

Digital output 1 state (DOUT1.STATE)
T T

3270.203 ¥
2666.794 %
2063.384 +
1458974 £
856.564 +
253154 %
-350.256 &
-953.666 +

-2160.485

t t
0 500 1000

|
1500 2000 2500
Time [milliseconds]

The above scope plot shows Digital Output 1 firing at the six set points.

I ;
t t
3000 3500




Electronic Gearing

Electronic gearing allows two axis to be connected together digitally. Usually there is at
least two axis involved, but it is not uncommon to have several follower axis. One axis is
the Master, or Leader. The other axis, or multiple axis if more than one, is the Follower.

The AKD can be setup as either the Leader or the Follower, but not both. Each axis will
be setup individually. When using AKD connector X9, the connection will be one to one.

One to one connection means pin-1 on
one connector is connected to pin-1 on the
other connector. Pin-2 is connected to pin-
2, and so on and so forth.

Drive
Follower

It is important to observe all grounding,
shielding and bonding procedures to insure
good performance of the system.

AKD connector X7 can also be used for electronic gearing. It can be used for 24 volt
signals to provide an up-down control. This commonly used when a third-party controller
is being used to deliver the signal.

Drive L ~ Contrallar
DIGITALINZ |20y o1 HG a5, 0
[ [
DIGITALINT_| 105y 4 I LG s Bk
1 [ |
DCOM?_{ oy BT Il (- GND [ 24V
- -

It is important to note that this configuration is single ended and provides very little noise
rejection. It is very important to shield and ground the signal carrying cable.

Leader

The leader is the easier of the axis to setup. This will basically consist of setting up the
Emulated Encoder Output (EEO). The EEO is set in the Encoder Emulation screen.

Emulation Mode is the type of output @ Encoder Emulation (X9 Cfg)
the AKD will generate. The more
common is mode 1-Output A/B with

The encoder emulation page is used to configure the X3 connector on the drive

once per rev |ndex ThIS Slmulates Emulation Mode: 1 - Qutput - A/B with once per rev index -
an A quad B encoder. The Emulation Enuiaton Resoksor: 0 inesirev
Resolution is here in lines/rev. index Ofsex: SATE] 1rer-83536

[ Direction of the metor is forward

The leader Emulation Resolution is from 0 to 16,777,125 lines/rev. Lines/rev is before
quadrature. Post is found by taking the resolution time four (lines/rev x 4 = counts/rev).




Follower

The Follower has a more complex setup compared to the Leader. Because the Follower
will be receiving the input, Encoder Emulation is set to 0-Input (No EEO Output).

The Follower Axis will be setup for the example below. The connection will be from X9
to X9 through a 9-pin Sub-D female-to-female cable. The cable is shielded and the
shield is tied to ground.

Feedback 2 will be setup for X9. Feedback 2 (X9/X7)
Feedback mode is 0-Input A/B Signals. et e Foschack sauree and e
Resolution is set to 262,140 counts/rev. Fecdback Saurce: [ Feedbas Sauros 38 3

L

Resolution: 62,140 counts/rev

Feedback Mode: D~ Input ~ A/B Signals -

Feedback Postion 0 counts (32 bits/rev)

The Follower must be setup for DRV.CMDSOURCE 2-Electronic Gearing. When the
command source is set Electronic Gearing an additional branch will appear on the tree.

The Input Type and Input Source will =t Electronic Gearing
ref I eCt th at Wh I C h WaS Set I n th e Electronic Gearing allows the drive to follow a posttion being supplied to the drive
Feedback 2 screen. Input Type: [0~ Input — A/B Signals - Resol.tion 262,140 courtsiey

Input Source: (1 - Feedback Source X9 -

The ratio between the Leader and the -
Follower can be set here in the In = Out  retsnsee | | Postion Command
tabs. A 2:1 ratio can be set as In: 2, A

Out: 1, or In: 200, Out: 100, or any b o

. . . . 1= 1 rev Maximum Velocity: 12,000.002 mm
combination that will be equal 2:1. This Maimum Acceleration: 240,000,081 /s
flexibility becomes helpful when ratios Masun Decslraion: 2400000081 s

SuCh aS 1 5_5:1 are required_ The The Gezring type defines how gearing starts if the master is zlready moving
. @ Velocity Matching

values for In and Out must be integers, e

so this will be set as In: 155, Out: 10. Bsmt | A\ Dveinaive

While In (GEAR.IN) has a range of 1 to 65,535, Out (GEAR.OUT) has a range from
-32,768 to 32,767. Since Out can be negative it can be used to counter rotate two axis,
or correct for axis in which one motor is mounted opposite another.

Limit can be set for the Follower axis using the Maximum Velocity, Maximum
Acceleration, and Maximum Deceleration. In most cases it is best to set Acceleration
and Deceleration as high as possible. Limiting Acc and Dec and adversely affect the
system performance.

® Velocity Matching The Gearing Type defines how gearing will start if the Leader is
) Posttion Matching already in motion. Since the electronic gearing can be used to
b s | A\ Dwesmsane.  SYNChronize two axis, it should understood relationship
between the Leader and Follower.
If the follower is only meant to come up to the same speed as the Leader then Velocity
Matching will be used. Position Matching is used when the Leader and Follower need to
be lock together by their position. When engaged, the Follower will speed up and
recover the steps lost during the acceleration.




Tuning

Introduction

In a perfect world tuning a system would not be required. In the “Real World” tuning a
system is a necessity.

Paosition Velocity
Command Command Current Comman d
O—0— O O Q
+ + .
Cument Feedback

Veloctty Feedback

Posttion Feedback

A servo system is a closed loop system which will continually monitor and adjust torque,
velocity, and position to achieve the desired trajectory. A servo system can operate in
torque mode, or velocity mode, or position mode. In the diagram above can be seen a
simplified diagram of these three loops.

The tuning begins at the right with the current loop which is tuned for the motor. The
current loops function is to insure that as much current as possible can get into and out
of the motor as quickly as possible. The current loop does take into account the load
and doesn’t even care if a load is connected or not.

The velocity loop is added to the current loop. The velocity loop is tuned after the
current loop and is tuned specifically for the load. The tuning is basically telling the drive
how it needs to react to any change in velocity. If the load is very small, J /Jy=1:1 or
less, a slight change in velocity does not warrant a huge injection of error into the system
to correct for this change.

At the other end of the spectrum is a large load, J./Ju =1,000:1. Since the load will
create a large opposition to motor, a larger error will need to be injected into the system
to insure enough torque is generated to overcome the load and correct the change in
velocity.

The position loop can be added to the velocity loop and current loop after they have
been tuned. The position loop is now monitoring the position as well as velocity and will
need to be tuned for the load for the same reasons the velocity loop is tuned for the load.

The AKD provides several paths for tuning the system from the Slider Tuner to the
Performance Servo Tuner which can tune in Automatic Mode or Manual Mode. Accept
for the most extreme cases, the AKD can be tuned to provide excellent performance with
high inertial loads, systems resonance, and poor mechanical components.

The Key to good servo performance is to begin with a sound mechanical system!




Slider Tuning

The slider tuner is a simple easy to use tool that can get most servo systems up and
running in just a few minutes. It requires two pieces of information:

Load inertia
Desired bandwidth

Bandwidth

The desired bandwidth can be entered by using the gentle/medium/stiff settings which
represents 25Hz, 75Hz, or 200Hz respectively. You can also type in the desired
bandwidth, or use the slider bar itself to increase the value.

ﬂ Slider Tuning 6 Leam more about this topic
= Select the stiffness you would like.

@ [7] Do you know yourload Inertia? g Tel me more

Select desired bandwidth

For very heavily loaded systems
Defauit. For heavily loaded or softly coupled systems
For urloaded and lightly loaded systems

Bandwidth Adjust the slider to your desired stiffness
143 = 1 o+ 1000

The “More>>" button opens the screen to identify what specific gains are being set, and
to what values.

Bandwidth: Adjust the slider to your desired stiffness

75 = 1 (J 1000

-
Velocity Loop Proportional Gain: 0.017 Ams/rad/s)
Velocity Loop Integral Gain: 5000 Hz
Posttion Loop Proportional Gaini: 94 248 (rev/s)irev

Important Notes: The slider tuner does modify one of the digital filters (Biquads) and
tunes a low pass filter based on the bandwidth selected. It is important to keep track of
any filters that are present to maintain stability. The Slider tuner does not configure any
feed-forwards (current, friction, velocity, acceleration, etc.). Manual set up may be
required to optimize motion profiles.

What Bandwidth is required?

The simple answer is based on just how fast you need the system to settle from
disturbances or motion. Knowing your desired settling time allows you to calculate your
system bandwidth:

System Bandwidth = 1/Settling Time (seconds)




Slider Tuner — How it Works

How does the slider tuner know what the tuning gains should be just from the bandwidth
and load inertia? Slider tuner will set four parameters, VL.KP (velocity proportional gain),
VL.KI (velocity integral gain), PL.KP (position proportional gain), IL.KP (current
proportional gain), and one biquad filter, AR1. Let’s look at each one individually:
First — VL.KP, or Velocity Proportional Gain

VL.KP = 2nxBWx*JM*(14+]L)*0.0001*K¢t
Ju and J, are in units of kg-cmz, BW in in Hz, and K; is N-m/Ams
VL.KP will bring the gain of the system up to a specific performance rating (bandwidth).
Therefor it is based on how strong the motor is (K; — the motor torque constant) and how
much mass is attached to the motor (Jy — motor shaft mass and J, — load mass).
Next we look at VL.KI, or Velocity Integral Gain

VL.KI = BW * tan(2.5°)
BW and VL.KI are in units of Hz
There is no standard to how much velocity integral gain is needed on a system. The

slider tuner makes a conservative assumption and sets the Velocity Integral gain to
contribute only 2.5 degrees of phase loss at the bandwidth requested.

Next, we look at PL.KP, or the Position Proportional Gain
PL.KP = BW * tan(2.5°) * 21
BW is in units of Hz, PL.KP is in (rev/s)/rev (can be converted to Hz by dividing by 2m)
The required Position Proportional gain will also vary from system to system. The slider
tuner sets the Position Proportional gain to contribute only 2.5 degrees of phase loss at
the bandwidth requested.
Our next parameter is IL.KP, or the Current Proportional Gain.
IL.KP = IL BW * tan(2.5°) *2n * Motor Inductance (mH)
Where BW is in units of Hz

First a current loop bandwidth must be calculated:

ILBW =75Hz/tan 5 =857 Hz




Next, IL BW (Current Loop Bandwidth) is clamped between 1000 Hz and 2000 Hz to
maintain numerical accuracy and stability.
IL BW = 1000 Hz

Note: Default tuning will leave the current loop with ~1000 Hz bandwidth. If manual
tuning is used to achieve more than a few hundred Hertz, IL.KP will need to be manually
increased appropriately.

Finally, AR1 is set as a low pass with a cutoff frequency calculated to cause no more
than 8.5 degrees phase loss at the requested frequency.

filterFreqhz= (—(cosp2+bw4—4+bw2+50002+50004—2+sinp*cosp*bw+bw2—50002+5000+2+2+(bw4—bw2+50002+50004)—cosp*bw2—50002—sinp*bw+5000+2)+bw2+cosp*bw+5000—sinp*bw2—50002+2

Yes —this is a BIG equation and very cumbersome than most would like. However,
since the slider tuner is limited over a small frequency range (no larger than 300 Hz
bandwidth), an acceptable substitute is:

AR1 Frequency = 9 * BW

Important Note: All systems are different. Integral gains can be sensitive to
mechanical oscillations and friction. The slider tuner may not be appropriate for some
applications.

Limitations of Slider Tuner

Why use anything else? The slider tuner is very simple to use as it can get simple
mechanical assemblies tuned reasonably well with little fine tuning. When mechanical
systems get beyond a simple rigid load, more tuning finesse is often required to handle
the complex resonances created by complicated mechanics.

Common systems that may not be able to be optimized using the slider tuner:

Belt driven loads High friction mechanics
Multi-staged loads (multiple resonant loads) Low resolution feedback
Linear motors Unknown inertia loads

Unfortunately, the slider Tuner won’t work for every system. This is primarily because
the slider tuner does not measure any part of your motor or mechanics and assumes the
ideal case. It also assumes the load inertia you entered includes all of your loads.
Rarely are mechanical systems ideal — there is always something unexpected like
friction, imprecise manufacturing of components, belt tensioning, and even variations
from machine to machine.

In these cases, solving advanced problems will require just a bit more work. Using the
AKD Performance Tuner feature, it is possible to measure your physical system and
tune on what is actually, physically there, even if there are variations from machine to
machine. The Performance Tuner allows you to visualize these problems and adjust
tuning accordingly.




Projects

Project #1 Bode Tool & Tuning

On your hard drive create a folder called: AKD Projects.

1. Take a Bode Plot of your system and save it to your project folder.
2. Set the tuning using the Slider Tuning.




Appendix A — Always Under Construction
Blending Moves

When a more complex move is require, moves can be connected together using the
Blend feature. The move can be connected without any blending, or blended into the
acceleration or velocity of the next move. It should be noted this will only work for those
motion task of the same direction.

250 millisecond dwell between moves. The distance, acceleration, and decelerations
are the same for the motion task, but the velocity is different. The results are three
moves with the acceleration and distance covered, but different times to complete the
move.
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Motion Task 0 blended into the acceleration of Motion Task 1.

@ Scope Q) Leam more about this topic.
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Motion Task 0 blended into the velocity of Motion Task 1.
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Appendix B — Under Construction

Under Construction

About Kollimorgen

Kollmorgen is a leading provider of motion systems and
components for machine builders. Through world-class
knowledge in motion, industry-leading quality and

deep expertise in linking and integrating standard and
custom products, Kollmorgen delivers breakthrough
solutions that are unmatched in performance, reliability
and ease-of-use, giving machine builders an irrefutable
marketplace advantage.

For assistance with your application needs, contact
us at: 540-633-3545, contactus@kollmorgen.com
or visit www.kollmorgen.com
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