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Important User Information

Read this document and the documents listed in the additional resources section about installation, configuration, and
operation of this equipment before you install, configure, operate, or maintain this product. Users are required to
familiarize themselves with installation and wiring instructions in addition to requirements of all applicable codes, laws,
and standards.

Activities including installation, adjustments, putting into service, use, assembly, disassembly, and maintenance are
required to be carried out by suitably trained personnel in accordance with applicable code of practice.

If this equipment is used in a manner not specified by the manufacturer, the protection provided by the equipment may
be impaired.

In no event will Rockwell Automation, Inc. be responsible or liable for indirect or consequential damages resulting from
the use or application of this equipment.

The examples and diagrams in this manual are included solely for illustrative purposes. Because of the many variables and
requirements associated with any particular installation, Rockwell Automation, Inc. cannot assume responsibility or

liability for actual use based on the examples and diagrams.

No patent liability is assumed by Rockwell Automation, Inc. with respect to use of information, circuits, equipment, or
software described in this manual.

Reproduction of the contents of this manual, in whole or in part, without written permission of Rockwell Automation,
Inc., is prohibited

Throughout this manual, when necessary, we use notes to make you aware of safety considerations.

WARNING: Identifies information about practices or circumstances that can cause an explosion in a hazardous
environment, which may lead to personal injury or death, property damage, or economic loss.

ATTENTION: Identifies information about practices or circumstances that can lead to personal injury or death, property
damage, or economic loss. Attentions help you identify a hazard, avoid a hazard, and recognize the consequence.

> D>

IMPORTANT  Identifies information that is critical for successful application and understanding of the product.

Labels may also be on or inside the equipment to provide specific precautions.

SHOCK HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that dangerous
voltage may be present.

BURN HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that surfaces may
reach dangerous temperatures.

ARCFLASH HAZARD: Labels may be on or inside the equipment, for example, a motor control center, to alert people to
potential Arc Flash. Arc Flash will cause severe injury or death. Wear proper Personal Protective Equipment (PPE). Follow ALL
Regulatory requirements for safe work practices and for Personal Protective Equipment (PPE).

B> > >
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Summary of Changes

This manual contains new and updated information as indicated in the
following table.

Topic Page
Added publication overview statement to Preface. 9
23

Added Kinetix® 6200 drive reference to Kinetix 6000 per Kinetix 6200 drive

firmware revision 1.049. 36

52
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Preface

The purpose of this publication is to assist you in tuning a Kinetix” drive
system. This document is intended for motion control users with novice to
advanced skill levels that are familiar with the following:

¢ Kinetix servo drives
e Sercos or EtherNet/IP communication

e Use of the Studio 5000 Logix Designer” application to create a motion
axis

¢ Understanding how control loops work in motion control applications

Each component of the control structure is described in detail and out-of-box
tuning, autotuning, and manual tuning techniques are presented.

Conventions Used in This These conventions are used throughout this manual:
Manual e Bulleted lists such as this one provide information, not procedural steps
e Numbered lists provide sequential steps or hierarchical information

e Integrated Motion on the EtherNet/IP network uses CIP Motion and
CIP Sync technology from ODVA, all built on the Common Industrial

Protocol (CIP). For convenience, drives that use this technology are
referred to as EtherNet/IP drives.
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Preface

Additional Resources These documents contain additional information concerning related products
from Rockwell Automation.

Resource Description

Logix5000 Controllers Quick Start, publication 1756-Q5001 Start programming Logix5000™ controllers

Logix5000 Controllers General Instructions Reference Manual, publication 1756-RM003 Get detailed information about Logix-based instructions

Logix5000 Controllers Motion Instructions Reference Manual, publication MOTION-RM002 Get detailed information about Logix-based motion instructions

Integrated Motion on the EtherNet/IP Network User Manual, publication MOTION-UM003 Configure and startup integrated motion applications

Kinetix 6000 Multi-axis Servo Drives User Manual, publication 2094-UM001 Install, configure, and troubleshoot Kinetix 6000 applications

Kinetix 6200/6500 Modular Multi-axis Servo Drives User Manual, publication 2094-UM002 Install, configure, and troubleshoot Kinetix 6200/6500 applications

Kinetix 6000 and Kinetix 6200/6500 Drive Systems Design Guide, publication GMC-RM003 Determine what you need for Kinetix 6000 and Kinetix 6200/6500
applications

Kinetix 5500 Servo Drives User Manual, publication 2198-UM001 Install, configure, and troubleshoot Kinetix 5500 applications

Kinetix 5500 Drive Systems Design Guide, publication GMC-RM009 Determine what you need for Kinetix 5500 applications

Kinetix 5700 Servo Drives User Manual, publication 2198-UM002 Install, configure, and troubleshoot Kinetix 5700 applications

Kinetix 5700 Drive Systems Design Guide, publication GMC-RM010 Determine what you need for Kinetix 5700 applications

PowerFlex 700S and PowerFlex 755 Drives Tuning Manual, publication DRIVES-AT004 Tune PowerFlex® 7005/755 drives

Kinetix Tuningless Quick Start Guide, publication MOTION-QS001 Quickly tune Kinetix drives

You can view or download publications at

http://www.rockwellautomation.com/global/literature-library/overview.page.

To order paper copies of technical documentation, contact your local
Allen-Bradley distributor or Rockwell Automation sales representative.
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Chapter 1

Background

This chapter introduces you to the Kinetix” servo control loop structure, load
observer, adaptive tuning features, and describes how you can use them for
tuning your Kinetix drive system.

Topic Page
Servo Loop Bandwidth 14
Damping Factor 16
Drive Model Time Constant 17
Torque Scalar 17
Load Observer Feature 20
Adaptive Tuning Feature 26

Kinetix servo drives implement an acceleration/torque loop, which is nested
within a velocity PI control loop, which is nested within an outer position PI
control loop. Each element in Figure 1 is described in subsequent sections.

Figure 1- Kinetix Servo Control Loop Structure
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This type of control structure includes these advantages:
e Precise control of position, velocity, and torque

e Ability to switch between position, velocity, and torque modes without
changing tuning gains

e Simple ‘Inside-Out’ tuning, described in Manual Tuning on page 65.

The blue elements in Figure 1 represent features that are different across drive
platforms.
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Lead-lag Filter (LL) - The lead-lag filter is new in drives that support
integrated motion on EtherNet/IP and is not present in Sercos drives. See
EtherNet/IP Drive Lag Filter on page 80 for more information about the lead-
lag filter.

Position Command and Feedforward Commands - The fine interpolators in
EtherNet/IP drives generate a third order position command, a second order
velocity feed forward, and a first order acceleration feed forward. In Sercos
drives, the fine interpolators generate a second order position command, a first
order velocity feed forward, and a zero order acceleration feed forward. A zero
order acceleration feed forward signal means that it is actually updated at the
coarse update rate (CUR). This fact is one reason why many Sercos
applications do not benefit from the use of acceleration feed forward. Unlike
Sercos drives, the EtherNet/IP drive fine interpolators also handle variable
update times to compensate for non-deterministic networks.

Torque Scalar and Motor Torque Constant (Kt) - The torque scalar affects
tuning and overall motion performance. The motor torque constant affects the
torque scalar. See Torque Scalar on page 17 for more information on the torque
scalar, motor torque constant, and the differences between EtherNet/IP drives
and Sercos drives.

Load Observer with Velocity Estimate - See Load Observer Feature on
page 20 for more information on the load observer and velocity estimate.

Adaptive Tuning - See Adaptive Tuning Feature on page 26 for more
information on adaptive tuning and tracking notch filtering.

Position and Velocity Loop Controllers - In a Sercos drive, the position and
velocity loop controllers are configured with a proportional term (top) in
parallel with an integral term (bottom) as shown in Figure 2. The proportional
term equals the control loop bandwidth in units of [rad/sec]. However, the
integral term has a squared relationship to the control loop bandwidth in units

of [rad/sec?]. A factor of 1000 is applied to numerically keep the integral gain
in the same range as the proportional gain and attempt to counteract the
squared relationship.

Figure 2 - Sercos Pl Controllers - Parallel Form

Position Loop Pl Controller Velocity Loop PI Controller

Kpp Kup

100Ky % 1000Ky

S S
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Position Loop PI Controller

n Kpi

This configuration is standard in classical control theory, minus the factor of
1000. The following definitions are control loop gains of a Sercos drive:

¢ K, =Position Proportional Gain [rad/s]

o K,; =Position Integral Gain [rad/s/ms]
. K, = Velocity Proportional Gain [rad/s]

e K,; = Velocity Integral Gain [rad/s/ms]
o K g = Velocity Feedforward [%]

e K g = Acceleration Feedforward (%]

These gains can be accessed on the Gains tab of the Axis Properties dialog box
in the Studio 5000 Logix Designer” application.

Figure 3 - Sercos Control Loop Gains in the Logix Designer Application

General Motion Planner Units Drive/Motor Motor Feedback Aux Feedback Conversion
Homing | Hookup | Tune | Dynamics | Gains | Output | Limts | Offset | FaubActions @ Tag
Position Gaing v Adust..
Proportionat | LEIREECNE] /s
Set Custom Gains...
Integral: 00 1/ms-s m
Velocity Gains eedioward Gaing
Proportional | 389.105 /s m Velocity: 0.0 %
ldegel: D.U . @ Senmmaon s 3

In an EtherNet/IP drive, the position and velocity loop controllers are
configured with a proportional term (top) in series with an integral term
(bottom) as shown in Figure 4. A factor of 2 T is also applied to each gain. This
configuration places all control loop gains in units of [Hz]. As a result, all gains
are proportional to each other and represent bandwidths that relate directly to
physically measurable signals that are easy to understand. More importantly,
removing any squared relationships simplifies the math when tuning an axis,
because all gains are related to each other by simple ratios.

Figure 4 - EtherNet/IP Pl Controllers - Series Form

Velocity Loop PI Controller

n Kvi

(Hz] [Hz]

The following definitions are control loop gains of an EtherNet/IP drive:
¢ K., = Position Loop Bandwidth [Hz]
¢ K; = Position Integral Bandwidch [
o K g = Velocity Feedforward [
. K, = Velocity Loop Bandwidth [Hz]
e K =WVelocity Integral Bandwidth [
[

o K g = Acceleration Feedforward
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Chapter1  Background

These gains can be accessed on the Position Loop and Velocity Loop tabs of the
Axis Properties dialog box in the Logix Designer application.

Figure 5 - EtherNet/IP Position Loop Gains in the Logix Designer Application

Geneal (Posilion Loop
= Matar
s | G
Motor Feedback Bandwadth: 09271278 Hestz
Scaling Integrator Bandwidth: 00 Hetz
Hookup Tests
Polarity Integrator Hold: Disabled b4

Autoture Velocity Feedionand: 1000 %
= Load
Backlash

Compbance Limits

Faiction Eror Tolerance: 28610752 Posiion Unds
Observer X
Lock Tolerance: 0.0 Position Units
Welocdy Loop

Figure 6 - EtherNet/IP Velocity Loop Gains in the Logix Designer Application

Genstal elocity Loop
= Motor
| o
Motor Feedback Bandvwidth 3708511 Hertz
Scaling Integrtor Bandwidthe |00 Hertz @
Hookup Tests
Polarty Integrator Hold: Disabled o
Autohune Acceleration Feedlowaid 0.0 %
= Load
Backlash
Comgkance Limits
Ef;elm Velociy Limit Positive: 166 68667 Pasiion Units/s
Vel
Position Loop Welocity Limit Negative: 166 66EET Position Units/s
Velocity Loop Error Tolerance: 23419 Position Units/s

Use the following equations to convert existing Sercos control loop gains to
equivalent EtherNet/IP control loop gains.

"  Kppsercos) K _ KVP_(SEKOS)
PR = R = "o
’ 1000 K pi(sercos) K 1000 Kvi(sercos)
i = ———— (e r—
pi(cIP) 2m Kpp(Sercos) e 21 Kup(sercos
Servo Lo op Bandwidth Bandwidth (BW) is a widely used term that is critical to servo drive

performance. It is defined as the usable range of frequencies in [Hz] where the
gain through the system is above -3 dB. Bandwidth indicates servo drive
performance and directly equates to transient response and how fast the servo
physically responds to the load. There must be a way to qualify performance for
different servo axes, and the metric that makes the most sense is Bandwidth
that is measured in [Hz].
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Figure 7 - System Gain versus Frequency

Gain (dB)

Bandwidth [Hz]

10° 10’ 10°
Frequency (Hz)

Position, velocity, and torque loop bandwidth indicate the respective
performance of each loop in a servo drive. Higher bandwidth improves
transient response, decreases error, and makes the motor performance stiffer.
Figure 8 shows how bandwidth affects actual response with feed forwards
disabled (solid) compared to its command motion profile (dashed).

Figure 8 - How Bandwidth Affects Transient Response

| / Higher Bandwidth

These factors affect Servo drive bandwidth:
e Feedback resolution (higher is better)
e Motor-to-Load inertia ratio (lower is better)
e Drive loop update rate (higher is better)
e Load compliance (rigid coupling is better)

o Drive Model Time Constant (lower is better)

See Drive Model Time Constant on page 17 for more information on this
topic.

The drive, motor, and feedback device have a significant impact on the
bandwidth that can be achieved on an axis through tuning. Table 1 shows
bandwidth values for various drive and motor combinations. Each has different

loop update rates and feedback types.
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Table 1 - Bandwidth Comparison for Various Drive and Motor Combinations
Drive or Loop Update Rate Motor Drive Model | Torque Loop
Servo Control | position Velocity Torque Bulletin Time Constant | Bandwidth
Module Number s Hz
Hs Hs ps
ogm ()
Kinetix 6000 MPL-S/M 510.9 3115
Kinetix6200 | 125 125 125 MPL-EV ™| 538.25 295.6
Kinetix 6500 WLHD 1531 103.95
MPL-s/M ™ 1 1003.9 158.53
MPL-ENV D | 103125 154.33
Kinetix 350 500 500 125 5
MPL-H @ 2024 78.65
TLY 1062.5 149.8
Kinetix 5500 125 125 125 VPL 537 296.34
1756-M02AE
Servo Module 500 250 - - 1502 106
(1) This motor has a high-resolution encoder.
(2)  This motor has an incremental (low resolution) encoder.
Damping Factor Damping factor is commonly referred to as zeta (z). It affects the rise time for a

16

given bandwidth. Figure 9 shows how the damping factor affects actual

response with feed forwards disabled (solid) compared to its command motion

profile (dashed).

Figure 9 - How Damping Affects Transient Response
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¢ A damping factor of z = 0.8 produces high responsiveness, which is
characterized by a faster rise time, but with overshoot.

¢ A damping factor of z = 1.0 produces medium responsiveness, which is
characterized by the fastest possible rise time without overshoot. We
recommend this setting.

e A damping factor of z = 1.5 produces low responsiveness, which is
characterized by a slower response, similar to decreasing the bandwidth.

The default setting in a Sercos drive is z = 0.8 and the default setting in an
EtherNet/IP drive is z = 1.0. A lower damping factor decreases the spacing
between the position, velocity, and torque loop bandwidths, generating under-
damped responses in actual position and actual velocity trends. A higher
damping factor generates over-damped responses.
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Drive Model Time Constant

Torque Scalar

Command

Drive model time constant (DMTC) is the sum of all delays around the torque
loop for a given drive and motor. Figure 10 shows the delays that are associated
with the DMTC.

Figure 10 - Delays Associated with DMTC

Pl Regulator Current Loop «| Motor Electrical Actual -~
Computational Delay 3 Time Constant “| Time Constant -
Feedback Filter | Feedback _
Time Constant | SampleDelay |

DMTC values for different Kinetix drives are shown in Table 1 on page 16. It
can be obtained in the Logix Designer application through a GSV instruction
as shown in this example.

StartGSyY GEV
— Get System Value
Class Name Axis
Instance MName Axis0
Atribute Name  DriveModelTimeConstant
Dest DriveTimeConst
1.00330625e-003

The DMTC is used to calculate the torque loop bandwidth out-of-box and
during an autotune. The position and velocity loop gains are then auto-
calculated from the Torque Loop Bandwidth.

i -1
Torque Loop Bandwidth (Ty,,) = DM [Hz]

The Torque Loop Bandwidth displays a default of 1000 Hz under the
Torque/Current tab in the Axis Properties dialog box of the Logix Designer
application. It is important to note that this value actually represents the

Current Loop Bandwidth and must not be confused with the Torque Loop
Bandwidth described here.

Torque scalar is a torque loop gain that accounts for load inertia. It calibrates
the control loops so that all gains represent physically measurable bandwidths.
As aresult, it scales the system under control to unity gain. In other words, the
motor and load have a gain of one when the torque scalar is applied.

Figure 11 - Scaling Torque in the System

System Under Control

Motor  Motor and Load
Torque Scalar Electrical ~ Mechanics

> L »] K 1 >
K, | Jgs2
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Scaling torque prevents the velocity loop response from being affected by
motor gain or load inertia, and makes sure that the velocity loop response is
represented by the velocity loop bandwidth set by KVp' The torque scalar acts as

an overall system gain. The following definitions are given:
¢ K, = Motor torque constant
e J., = Motor inertia
e JI =Loadinertia
e R =]1/],, = Load inertia ratio
o J. =J1+],, =Jm(R+1) = Total system inertia

Torque scalar is a function of R (which is calculated by the autotune bump test)
and two parameters, K, and J;,, (which are known by the Logix Designer

application and queried from the motion database when a motor is selected).

Figure 12 - Torque Scalar Calculation
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Motor and
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Motor
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={>_>

1
R+ | ]

The torque scalar calculation is triggered when R is updated or a new motor is
selected. For a Sercos drive, the Load Inertia Ratio is located on the Output tab
of the Axis Properties dialog box in the Logix Designer application. The torque

scalar is in the same location labeled Torque/Force Scaling.

Figure 13 - Sercos Load Ratio and Torque Scalar

Aux Feedback Conversion
Offset Fault Actions Tag

Motor Feedback
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Hookup Tune
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General
Homing
Motor Inertia: 0.000044

200

Load Inettia Ratio:

Torque/Force Scaling:

272.22443 [Position Units/s"2) at 100% Rated

System Acceleration:

For an EtherNet/IP drive, the Load Ratio is located on the Load tab of the Axis
Properties dialog box in the Logix Designer application. The torque scalar is in
the same location labeled System Inertia.

18 Rockwell Automation Publication MOTION-AT005C-EN-P - May 2016



Background  Chapter 1

Figure 14 - EtherNet/IP Drive Load Ratio and Torque Scalar
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You can enter R manually or you can run an autotune to calculate it
automatically. Parameter values that are affected by the torque scalar are then
updated. Other considerations are given:

e When Ris entered higher than the actual load ratio, the velocity loop
bandwidth that is shown in the Axis Properties dialog box is artificially
lower than its actual bandwidth. The opposite is also true.

¢ The actual value of K, in the motor electrical decreases as the motor
heats up. Sercos drives use a hot K, value in the torque scalar to
compensate, which results in a torque scalar value that is approximately
20% higher than it is for similar EtherNet/IP drives.

e Since autotune is typically executed with a cold motor, EtherNet/IP
drives calculate the torque scalar using the ‘cold motor' K, to
compensate. This calculation results in a more conservative torque
scalar, approximately 20% lower than Sercos drives, guarding the system
from instability.
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Load Observer Feature

20

The load observer feature is a control loop inside the drive that estimates the
mechanical load on the motor and compensates for it. This allows the control
loops to treat the motor as if it is unloaded and relatively easy to control. Asa
result, the load observer automatically compensates for disturbances and load
dynamics, such as sudden inertia/torque changes, compliance, backlash, and
resonances that are within the load observer bandwidth.

Benefits

You can use load observer with out-of-box control loop gains, where the load is
unknown and thus the Load Inertia Ratio = 0, or with autotuned control loop
gains, where the Load Inertia Ratio is known or calculated by performing an
autotune procedure.

When the load observer is enabled with the recommended out-of-box control
loop gains, the load observer does the following:
e Provides relatively high-performance motion control without tuning
e Eliminates periodic retuning to account for machine wear over time
¢ Automatically compensates for changing vibration and resonances that
are within the load observer bandwidth

e Eliminates periodic identification of in-band resonances to compensate
for them

When used with autotuned control loop gains, the load observer does the
following:

e Increases system bandwidth
o Reduces tracking errors, so line speeds can be increased

e DProvides tighter control of moving parts, reducing wear and saving
material costs

How It Works

The load observer acts on the acceleration signal within the control loops and
monitors the Acceleration Reference and the Actual Position feedback. The
Load observer models an ideal unloaded motor and generates a load Torque
Estimate that represents any deviation in response of the actual motor and
mechanics from the ideal model. This deviation represents the reaction torque
placed on the motor shaft by the load mechanics. It is estimated in real time
and compensated by closed loop operation.
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Figure 15 - Load Observer Block Diagram
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The load observer also generates a Velocity Estimate signal that you can apply
to the velocity loop. The Velocity Estimate has less delay than the Velocity
Feedback signal derived from the actual feedback device. It also helps to reduce
high frequency output noise caused by the load observer's aggressive action on
the acceleration reference. Together, the Load Observer with Velocity Estimate
provides the best overall performance for positioning applications. Table 2
describes the Load Observer mode settings that can be configured.
Table 2 - Load Observer Configuration Settings
IDN P-431 L
Mode Value Description
Disabled (default) 0 Load observer is inactive.
This setting is similar to Acceleration Feedback but uses a second input signal, Acceleration Reference,
Load Observer Onl 1 Provides a Torque Estimate for increased low frequency disturbance rejection (stiffness). It corrects error but is fairly aggressive. As
y only aresult, the bandwidth must often be cut in half or significantly reduced. It does not provide a Velocity
Estimate in place of Velocity Feedback.
This setting combines the best of the Load Observer Only and Velocity Estimate Only settings.
Separately, velocity estimate provides a smooth response and reduces phase lag, but creates error,
Load Observer with 7 Standard Operation: Provides | whereas load observer removes error, including steady state error in the velocity estimate, but it
Velocity Estimate Torque and Velocity Estimates | increases phase lag and is fairly aggressive. Together, they remove error and provide a smooth response.
With the recommended out-of-box configuration, load observer performs extremely well in situations
with changing inertia and unknown levels of compliance and backlash (vibration suppression).
This setting provides a Velocity Estimate in place of Velocity Feedback. This produces a smooth feedback
Velodity Estimate Onl 3 Provides a Velocity Estimate | signal but can add steady state error, generating a fictitiously lower velocity error. As a result of the
y y only potential error, it is not recommended to use in Velocity mode. Also, position integrator or observer
integrator should be used with setting in Position mode.
Provides Acceleration This setting creates a filtered acceleration feedback signal. It corrects errors but is fairly aggressive. As a
Feedback by disconnectin result, the observer bandwidth must often be cut in half or significantly reduced for stable operation.
Acceleration Feedback | 4 y 9 This setting is similar to Load Observer Only but doesn't use an Acceleration Reference input signal to

the Acceleration Reference to
Load Observer

mitigate additional phase lag (delay) created by necessary filtering. It does not provide a Velocity
Estimate in place of Velocity Feedback.
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The following figures depict the high-level operation of each Load Observer
mode.
Figure 16 - Load Observer Disabled Configuration (Value 0)
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Figure 17 - Load Observer Only Configuration (Value 1)
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Figure 18 - Load Observer with Velocity Estimate Configuration (Value 2)
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Figure 19 - Velocity Estimate Only Configuration (Value 3)
Servo Drive Mechanics
Position
Control Loops + P  Power Conversion | Unloaded Motor

Command T

o

Fs

}

A

Torque Estimate

Acceleration Reference

Velocity Estimate

Load Observer

i

Tor

®

que Load

Position Feedback

N
N

Rockwell Automation Publication MOTION-AT005C-EN-P - May 2016




Background  Chapter 1

Position
Command

Figure 20 - Acceleration Feedback Configuration (Value 4)

Servo Drive Mechanics
Control Loops + - Power Conversion | Unloaded Motor -
T Torque Estima; Acceleration Reference Torque Load
B Velocity Estimate | | oad Observer
* * Position Feedback

Feedback Feedback
Position Velocity
» FXQ >

Sercos Drive Configuration

This section applies to the load observer feature in Kinetix 6000 and

Kinetix 6200 drives. You can configure the load observer feature in a variety of
ways by writing to a set of configuration IDN parameters. The overall behavior
of the load observer is controlled by Load Observer Configuration (IDN P-
431). This parameter is used to select the Load Observer mode. It can be set to
the IDN values listed in Table 2 on page 21.

For the remaining IDN descriptions, see Figure 21.

Figure 21 - Load Observer Internal Gains for Kinetix 5500, Kinetix 6000, Kinetix 6200, and

Kinetix 6500 Drives
Acceleration Command »@ Acceleration Reference
Torque Estimate gt Kjm |-t l
KOU
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Velocity
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* - Ky +
- Load Observer
] Plant
Koi [—| -

Load observer gains that require user interaction are Load Observer

Bandwidth (KOP) and Load Observer Integral Bandwidth (K ;). They are set
by IDN P-432 and IDN P-433, respectively. Guidelines for setting these gains

are provided in the following sections. In general, K, acts like a velocity

integrator without windup and K ; acts like a position integrator without
windup. Typically, K; = 0.
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Load observer gains that do not require user interaction are Load Observer

Feedback Gain (K ¢) and Load Observer Input Gain (K,,). They are

automatically set internally based on the Load Observer Configuration.
However, when in Acceleration Feedback mode, K ¢ can also be set manually

by using IDN P-434 with typical values between zero and one.

Table 3 - Load Observer Gain Parameters

IDN Name Drive Variable | Units Format Value, min | Value, max

P:0:432 Load Observer Bandwidth (Kop) KOp Rad/s 12,500 "
.0 . 16-bit 65,535 0)]

P:0:433 | Load Observer Integral Bandwidth (K;) | Ky Rad/s unsigned integer 0

P:0:434 | Load Observer Feedback Gain (K;) Kof - 200

(1) This value applies to drive firmware revision 1.124 and 1.125.
(2)  This value applies to drive firmware revision later than 1.125.

24

The Acceleration Estimate and Torque Estimate signals are read with IDN
P-435 and P-436, respectively. Definitions for these IDN parameters are given
in Table 4

Table 4 - Load Observer Output Signals

IDN Name Units Format Value, min | Value, max
" I .| 32-bit 53 31_

P:0:435 Load Observer Acceleration Estimate | Acceleration signed integer 2 2°"-1

P:0:436 | Load Observer Torque Estimate Torque 16-bit 20 2%

signed integer

When the load observer and the torque low-pass filter are both enabled, and
the low-pass filter bandwidth is less than 5 times the load observer bandwidth,
their interaction can interfere with each other, causing instability. The low-pass
filter is always limited to a bandwidth under 389 Hz in drive firmware before
revision 1.116. As a result, IDN P-065 was added in drive firmware revision
1.116 to override the torque low-pass filter bandwidth limiting. The filter is
also bypassed if the override IDN P-065 is set to one and the torque low-pass
filter bandwidth is set to zero. This parameter was also added to the Kinetix
7000 drive in firmware revision 1.104.

Table 5 - Torque Low-pass Filter Bandwidth

IDN P:0:065 Bandwidth in the Logix T, R

Value Designer Application Actual Bandwidth in Drive | Drive Firmware Notes

0 =0 389Hz Operation before revision
>0 Limited to < 389 Hz 1116

1 =0 Filter bypassed Feature added to revision
>0 Limited to < 10,430 Hz 1.116and later

See Set Sercos Gains with IDN Write Messages on page 107 for more
information on changing IDN parameter values in the Logix Designer
application. Connected Components Workbench™ software can also be used to
set IDN parameters.
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For more information on how to tune the load observer feature, see Out-of-
Box Tuning on page 35 and Autotuning on page 45. Table 6 summarizes the

primary difference between the two tuning modes.

Table 6 - Sercos Load Observer Tuning Mode Differences

Tuning Mode Description (Rad/s)

Out-of-box or unknown load

Load Inertia Ratio = 0 Load Observer Bandwidth (Kop) =4 x Velocity Proportional Gain (Kvp)

Autotuning or known load

Load Inertia Ratio > 0 Load Observer Bandwidth (K,,) = Velocity Proportional Gain (K,;)

EtherNet/IP Drive Configuration

This section applies to the load observer feature in Kinetix 5500, Kinetix 5700,
and Kinetix 6500 drives. The load observer configuration is greatly simplified
in EtherNet/IP drives compared to Sercos drives because it is natively
supported by an interface in the Logix Designer application. Click the
Observer tab in the Axis Properties dialog box. Here, the Load Observer mode
can be selected with the Configuration pull-down menu. See Table 2 on

page 21 for descriptions of each setting. If load observer is enabled, the
recommended Configuration setting is Load Observer with Velocity Estimate
for positioning applications. Access to Load Observer Bandwidth (K,,) and

Load Observer Integral Bandwidth (K;) is also shown. Typically, K ; = 0.

Figure 22 - EtherNet/IP Load Observer Configuration

General Load Observer
Mator 0
Model Configuration: Load Observer with Velocity Estimate x =

F 3
Motor Femobac Bandwidth: 31151495 Hertz %ﬂ}
Scaling
Hookup Tests Integrator Banchwiclth 0.0 Hertz
Folarity

Adtotune

Load
Backlash
Compliance
Friction

Obsarver

Gains are limited to 500 Hz in Kinetix 6500 drive firmware revision 2.16 and
earlier. In Kinetix 6500 drive firmware revision 2.17 and later, the gain limits
are increased to 10,430 Hz.

For more information on how to tune the load observer, see Out-of-Box
Tuning on page 35 and Autotuning on page 45. Table 7 summarizes the

primary difference between the two tuning modes.

Table 7 - EtherNet/IP Load Observer Tuning Mode Differences

Tuning Mode Description (Hz)

Out-of-box or unknown load

Load Ratio = 0 Load Observer Bandwidth (K,,) = 4 x Velocity Loop Bandwidth (K,,)

Autotuning or known load

Load Ratio > 0 Load Observer Bandwidth (Kop) = Velocity Loop Bandwidth (Kvp)
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Adaptive Tuning Feature

26

This section applies to the adaptive tuning feature in Kinetix 5500 and
Kinetix 5700 drives. The adaptive tuning feature is an algorithm inside the
drive that continuously monitors and if necessary adjusts or ‘adapts' various
filter parameters and control loop gains to compensate for unknown and
changing load conditions while the drive is running. Its primary function is to:

¢ Automatically adjust torque loop notch and low pass filter parameters to
suppress resonances

e Automatically de-tune control loop gains to avoid instability when it is
detected

Benefits

When adaptive tuning is enabled with recommended out-of-box control loop
settings, adaptive tuning does the following:

e Automatically suppresses changing resonances

Eliminates periodic identification of resonances and retuning

Eliminates the need for a tuning expert
e Reduces commissioning time, especially for high axis count

e Minimizes the power consumption, machine vibration, and errors

Mechanical Resonances

Mechanical loads exhibit resonances that limit performance, damage hardware,
consume energy, and are noisy. It is often left to the user to suppress these
resonances through manual tuning, a challenging and time consuming task.
Resonances result from various levels of compliance, backlash, and
misalignment and can range in frequency from a few Hz to a few thousand Hz.
They typically increase in number and severity as controller gains are increased.
Resonances are classified in the following ways.

Motor Side Resonances - Most mechanical resonances are reflected back to
the motor and 'seen’ by the encoder. As a result, they are suppressed by tuning
control loop gains, the load observer, and torque loop filter parameters.

o Low Frequency (LF) Resonances - LF resonances are below the Torque
Loop Bandwidth. Since they are within the closed loop bandwidth (in-
band), they are automatically suppressed when load observer is applied
with the recommended out-of-box settings. Otherwise, they can cause
classical instability that generates an audible low-pitch growling noise
and requires detuning of control loop gains.
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o High Frequency (HF) Resonances - HF resonances are above the
Torque Loop Bandwidth. Because they are outside the closed loop
bandwidth (out-of-band), they are suppressed using torque loop notch
filters. It is often left to the user to identify the resonant frequencies and
manually configure the notch filters. HF resonances typically generate
an audible high pitch squealing noise. If there are more HF resonances
than there are notch filters available, a torque loop low pass filter can be
applied to suppress resonances at the highest frequencies. Adaptive
tuning addresses HF resonance by automatically configuring these
filters. A last resort is detuning control loop gains until resonances go
away.

e Mid Frequency (MF) Resonances - When resonances occur in the
neighborhood of the Torque Loop Bandwidth, torque loop notch filters
are applied at frequencies close to the closed loop bandwidth. This close
proximity allows phase lag generated by the notch filter to interfere with
closed loop dynamics and cause instability. As a result, control loop gains
must be lowered to restore stability or notch filter width can be
decreased to reduce the impact of phase lag, if the drive supports this
feature. Similarly, torque loop low pass filters impact stability when they
are applied at frequencies as low as three to five times the closed loop
bandwidth because they generate more phase lag than notch filters. As a
result, low pass filters should only be applied if you run out of notch
filters and should only be reserved for resonances at the highest
frequencies. Adaptive tuning addresses MF resonance as well.

Load Side Resonances - Even with a tightly controlled motor shaft and all
motor side resonances suppressed, the end effector may still oscillate at a few
Hz through a compliant connection to the motor. These resonances typically
cannot be monitored through the motor encoder. This is common in
applications with robots, cranes, liquid sloshing, laser cutting, and other
cantilevered loads. End effector vibration suppression requires one of the
following techniques:

e Determine the load oscillation frequency with a stopwatch and apply
a command notch filter at that frequency if the drive supports this
feature.

e Determine the load oscillation frequency with a stopwatch and
modify the input CAM motion profile to be smoother and without
load oscillation frequency content.

e Place a feedback device on the load in Dual Feedback mode.

How It Works

Adaptive tuning is always running in the background to detect motor side
resonances. Every few seconds, it analyzes frequency response of torque loop
signals to identify, track, and measure resonances. It also analyzes frequency
response of command signals to make sure dominant command frequencies are
not mistaken for resonances. This is known as command rejection. The action
taken to adaptively change tuning parameters largely depends on the Adaptive
Tuning mode of operation. Relevant parameters are summarized in Table 8,

Rockwell Automation Publication MOTION-ATOO5C-EN-P - May 2016 27



Chapter1  Background

along with detailed descriptions of how they work in various modes of
operation.
Table 8 - Adaptive Tuning Attributes

Parameter Name Description Default Value Range/Units

Torque Notch Filter Low Frequency Limit Adaptive tuning identifies resonances not associated Torque Loop BW 20...2000 Hz

T - with command signals between these low and high
Torque Notch Filter High Frequency Limit frequency limits with magnitudes above this tuning 2000 20...2000 Hz
Torque Notch Filter Tuning Threshold threshold. 5 0...100 % motor rated torque

Torque Notch Filter Frequency Estimate

Adaptive tuning sets this frequency estimate equal to
the center frequency of the identified resonance with
the highest magnitude.

Torque Notch Filter
Frequency or 0
when disabled

20...2000 Hz

Adaptive tuning sets this magnitude estimate equal to

Torque Notch Filter Magnitude Estimate the magnitude of the identified resonance with the 0 0...100 % motor rated torque
highest magnitude.
In modes with Gain Stabilization, adaptive tuning
decreases this bandwidth estimate from its default Torque Low Pass

Torque Low Pass Filter Bandwidth Estimate

value in 200 Hz increments to suppress additional
resonances above the low frequency limit if required.
Additional resonances are ones that are not already
suppressed by notch filters.

Filter BW or 1500
when disabled

20...2000 Hz

Adaptive Tuning Gain Scaling Factor

In modes with Gain Stabilization, adaptive tuning
incrementally decreases this gain scaling factor from its
default value to stabilize the system if required. The
instability is caused from resonances that are not
already suppressed by filters or it is caused by filter
bandwidths that are too close to the closed loop
bandwidth.

0...max float

Adaptive Tuning Configuration

Controls the adaptive tuning modes of operation. See
below for a detailed description of each mode.

Disabled

0 =Disabled

1="Tracking Notch Filter

2 = Gain Stabilization

3 =Tracking Notch Filter and Gain Stabilization
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Resonances are characterized in the following way:

o HF resonances are above the low frequency limit.

e LF resonances are below the low frequency limit.

e MEF resonances are slightly above the low frequency limit.

The following sections describe each Adaptive Tuning Configuration mode in

detail.

Disabled

Adaptive tuning is always running in the background to identify motor side

resonances, even when the feature is disabled.

Figure 23 - Adaptive Tuning Disabled

L

Adaptive Tuning

Adaptive Tuning Configuration: ID\sabIed j
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\P‘r:iﬂ't":‘;: tzz'; Tarque Hatsh Fiter Turing Threshold: |5.D % bl otor Rated
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Magnilude (% Motor Rated)

However, no action is taken to compensate for the identified resonances in this
mode. The result is status only, letting you create custom ladder logic to react
to changes. This is useful for condition monitoring, diagnostics, and
preventative maintenance purposes in tracking HF resonances that change over
time. To illustrate the idea, Figure 24 shows the frequency response of an
identified resonance. Note that frequency response graphs like this are not
available in the Logix Designer application; however, adaptive tuning does
show the magnitude and frequency estimates.

Figure 24 - Identifying One HF Resonance
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In Disabled mode, the high frequency limit, low frequency limit, and tuning
threshold are read only and cannot be configured. As a result, you will have to
temporarily enable adaptive tuning to change these settings. The adaptive
tuning output parameters can be monitored in the Drive Parameters tab of the
Axis Properties dialog box.

Figure 25 - Adaptive Tuning Cyclic Reads
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In modes with Tracking Notch Filters, the Torque Notch Filter Frequency
Estimate is applied to the torque notch filter instead of the Torque Notch Filter
Frequency that is visible on the Compliance tab of the Axis Properties dialog
box.

Figure 26 - Tracking Notch Filter Mode
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In Figure 27, the parts of the control loop structure affected by Tracking Notch
Filters are highlighted in blue.

Figure 27 - Tracking Notch Filter Configuration
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In modes with Gain Stabilization, adaptive tuning does two main things. First,
it enables and tunes the low pass filter to suppress resonances if any are
identified above the low frequency limit. Here, the Torque Low Pass Filter
Bandwidth Estimate is applied to the torque low pass filter instead of the
Torque Low Pass Filter Bandwidth that is visible on the Compliance tab of the
Axis Properties dialog box. The bandwidth estimate is incrementally decreased
from its default value until the identified HF resonances are suppressed or until
a LF resonance or instability occurs.

Figure 28 - Gain Stabilization Mode
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Second, adaptive tuning detunes control loop gains to suppress any remaining
resonances and stabilize the system. Here, the following gains are scaled by the
Adaptive Tuning Gain Scaling Factor:

¢ Load Observer Bandwidth

e Load Observer Integrator Bandwidth
e Velocity Loop Bandwidth

e Velocity Loop Integrator Bandwidth
e Position Loop Bandwidth

e Position Loop Integrator Bandwidth
This means that the actual control loop gains are the values shown in the Axis

Properties dialog box multiplied by the gain scaling factor. The scaling factor is
incrementally decreased from its default value until the system is stable. When
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Gain Stabilization is not enabled, the scaling factor is reset to its default value
of one so that control loop gains are not affected.

In Figure 29, the parts of the control loop structure affected by Gain
Stabilization are highlighted in blue.

Figure 29 - Gain Stabilization Configuration
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Gain Stabilization is good for situations where there are more resonances than
there are notch filters and for keeping the axis stable. Instability and audible
noise are caused from the following situations:

HF resonances that are not already suppressed by filters

MF resonances that are suppressed by filters but the filter bandwidths
that are too close to the closed loop bandwidth

LF resonances that result when load observer is not applied with the
recommended out-of-box settings

LF resonances that result from classical instability

Figure 30 - Identifying One LF Resonance
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We do not recommend enabling Gain Stabilization on vertical loads as
detuning may cause load drops.
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Tracking Notch Filter and Gain Stabilization
In this mode, adaptive tuning applies the Tracking Notch Filter if required,
followed by Gain Stabilization if required.
Figure 31 - Tracking Notch Filter and Gain Stabilization Mode
Adaptive Tuning
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- Welocity Loop
In Figure 32, the parts of the control loop structure affected by adaptive tuning
are highlighted in blue.
Figure 32 - Tracking Notch Filter and Gain Stabilization Configuration
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First, the Tracking Notch Filter sets the torque notch filter to suppress a HF
resonance with the largest magnitude if one exists. Next, Gain Stabilization
applies the low pass filter to suppress additional HF resonances if they exist.
This is useful for suppressing more HF resonances than there are notch filters.
Figure 33 - Identifying More HF Resonances than there are Notch Filters
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Finally, if the system is unstable, Gain Stabilization incrementally detunes
control loops until the system is stable.

A good example is when a MF resonance is identified.

Figure 34 - Identifying One MF Resonance
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First, the torque notch filter is set to suppress it if it is the only HF resonance or

if it is the one with the largest magnitude. If not, the low pass filter is set to

suppress it and any other HF resonances. Finally, the system is detuned if one

or more of the following conditions exist:

e The torque notch filter was set to suppress the MF resonance, but its

width is wide enough or its frequency is close enough to the closed loop

bandwidth to cause instability.

e The torque low pass filter was set to suppress the MF resonance, but it
bandwidth is close enough to the closed loop bandwidth to cause
instability.

¢ There are additional un-suppressed resonances present.
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Status Bits

Adaptive tuning status bits and their descriptions are given in Table 9.

Table 9 - Adaptive Tuning Status Bits

Parameter Name

Bit

Description

Torque Notch Filter Frequency

This bit is set when resonances are identified between the low and high
frequency limits with magnitudes above the tuning threshold. Otherwise,

Detected Status 0 this bit is clear. This bit is also cleared when the axis transitions to the
Running state.
This bit is set when the tracking notch filters do not eliminate all the
) identified resonances. Otherwise, this bit is clear. This bit is also cleared
Lor{gﬁ;glszgtllsl:gttﬂsTune 1 when the axis transitions to the Running state or when adaptive tuning
transitions from Disabled mode to one of the Tracking Notch modes while
in the Running state.
This bit is set when multiple resonances are identified between the low and
Torque Notch Filter Multiple ) high frequency limits with magnitudes above the tuning threshold.
Frequencies Status Otherwise, this bit is clear. This bit is also cleared when the axis transitions
to the Running state.
. This bit is set when resonances are identified below the low frequency limit
Eoerlctl)uweL’\ilr?;cthSlt::ilttSsr Frequency 3 | with magnitudes above the tuning threshold. Otherwise, this bit is clear.
This bit is also cleared when the axis transitions to the Running state.
. This bit is set when resonances are identified above the high frequency
X%rg\;]:L’:l;Tt:hStTttSsr Frequency 4 | limit with magnitudes above the tuning threshold. Otherwise, this bit is
clear. This bit is also cleared when the axis transitions to the Running state.
This bit is set when the gain scaling factor is not equal to one, indicating
Adaptive Tune Gain 5 that adaptive tuning is controlling the low pass filter and adjusting servo

Stabilization Status

loop gains to stabilize the system. Otherwise, this bit is clear. This bit is also
cleared when the axis transitions to the Running state.

These status bits let you create custom ladder logic to trap errors, debug, and

react to changes. This is useful for condition monitoring, diagnostics, and
preventative maintenance purposes.

Table 10 describes when output parameters get reset to their default value.

Table 10 - Adaptive Tuning Reset Behavior

Parameter Name

When Reset to Default Value

Torque Notch Filter Frequency Estimate

Transition to Disabled or Gain Stabilization modes

Torque Notch Filter Magnitude Estimate

A resonance is not identified

Torque Low Pass Filter Bandwidth Estimate

Transition to Disabled or Tracking Notch Filter modes

Adaptive Tuning Gain Scaling Factor

Transition to Disabled or Tracking Notch Filter modes
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Sercos Drives

Out-of-Box Tuning

In this chapter, the sections on gain calculation describe how gains are currently
calculated in released product when a new axis is created. However, the
sections on recommended out-of-box settings proposed in this chapter should
be used as a starting point when commissioning a new axis. They often yield
satisfactory motion performance and no further tuning intervention is
required.

Topic Page
Sercos Drives 35
EtherNet/IP Drives 39
Is Further Tuning Required? 43

Out-of-box refers to default control loop gain settings that are pre-configured
for a new axis when it is created. Since the load is unknown at this point, the
motor is assumed to be unloaded and the load ratio R = 0. However, when the
load is known or an autotune has been performed, the control loop gains are
configured for a load ratio R > 0. This is the primary difference affecting out-
of-box and autotuning rules. Thus, the phrase out-of-box implies R = 0 and the
term ‘autotune’ implies R > 0.

The following subsections provide information for out-of-box tuning of Sercos
drives.

Gain Calculation

In a Sercos drive, the default damping factor is z = 0.8. This produces a loop

spacing of 47* =2.56. The proportional gains are calculated from the torque
loop bandwidth (T},) in units of rad/s and the integral gains are set to zero.

Velocity Proportional Gain: K, =2mx Ty, / (42%)
Position Proportional Gain: Kop=K,/ (42%)
Velocity Integral Gain: K, =0

Position Integral Gain: Kyi=0
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Figure 35 - Sercos Drive Out-of-Box Gain Relationships

The velocity feed forward gain K gand the acceleration feed forward gain K, ¢

are set to zero by default as well.

Sercos Drive Recommended Settings

This method of setting control loop gains applies to Kinetix® 6000 drives
(firmware revision 1.124 or later) and Kinetix 6200 drives (firmware revision
1.049 or later). The method works for unknown loads or when an autotune is
not performed and produces a relatively high level of performance in 90% of
motion applications. Most of the time, there is no need to perform an autotune
procedure or further optimize gain settings. Therefore, it has become the
recommended out-of-box setting for Sercos drives.

Follow these steps to configure the drive for high performance right out of the
box. This procedure uses load observer to automatically account for the
unknown load. As a result, you must be familiar with creating an axis in the
Studio 5000 Logix Designer® application and accessing drive IDN parameters.

1. Create a new axis with type AXIS_SERVO_DRIVE.
2. Click the Drive/Motor tab in the Axis Properties dialog box and add a

motor.
Homing Hookup Tune Dynamics Gains Output Limits Offset Fault Actions Tag
General Motion Plarner Units Drive/Motar Motor Feedback #am Feedback | Conversion
Amplifier Catalog Mumber: | 2094-4M01 v
Motor Catalog Number. | [TEETRINEEY Change Catalog...
Loop Configuratior: Pasition Servo v
Drive Resolution: 200000 Dirive Counts / | Motor Rey v Calculate...

3. Click the Gains tab in the Axis Properties dialog box.
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The Velocity Proportional Gain (Initial KVp) value is used to recalculate

all gain values.

General Motion Planner Uniits Drive/Motor Motor Feedback Aux Feedback Conversion
Homing Hookup Tune Dynarnics Gains Output Limits | Offset Fault Actions | Tag
Position Gai
A
Propartional: | 2986612 /s
Integrak 0.0 1/ms-s
Velocity Gains Feedforward Gains
Proportional | BRI 1/ Velocity: 0o %
Integral 0.0 1/ms-s Acceleration: | 0.0 %
Integrator Hold: | Enabled v

4. Make the following calculations:
a. Load Observer Bandwidth: K, = Velocity Proportional Gain x 2.56
b. Velocity Loop Bandwidth: K, = K, / 4
c. Position Loop Bandwidth: K, =K,/ 4

2.56

X X
®— O ©-®
0 0 0

5. Configure these settings and values on the Gains tab.
a. Position Proportional Gain = KPP
b. Velocity Proportional Gain = K,

c. Velocity Feedforward Gain = 100%
d. Integrator Hold = Disabled

General Motion Planner Units Drive/Motor Motor Feedback Aux Feedback Conversion
| Homing | Hookup | Tune | Dynamics | Gains™ | Output | Limits | Offset | FaukActions | Tag

Pasition Gains

Proportional: | IEZEEIE 15

Integral 0.0 1/ms-s
Welocity Gains Feedforward Gains

Proportional: | 483.3265 15 Vekociye D .
peas = i Acceleration: |0.0 %

Integrator Hold: | Disabled it

6. Configure these IDN parameter values. Note that there is an offset of
500 in IDN values in DriveExplorer™ software compared to MSG
instructions.

a. IDN P-431 =2 (Load Observer with Velocity Estimate)
b. IDNP-432=K,,

c. IDNP-433=0
d. IDN P-065=1
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File Edit Explore Actions Help

LR S TE o B & || | @

- Devices S J N:P.p2 | Name I Value Units
(= Node 1: - 2094D SERVO 1:0930 Reserved
=-0 - 2094D SERVO Config 0000 1:0931 Load Obs Config With Vel Est
. Parameter List 1:0832 Load Obs Bw 1957 rd/s
o TANE 1:0933 Load Obs Int Bw 0 rd/s
7. Click the Output tab in the Axis Properties dialog box and verify these

settings.
a. Load Inertia Ratio =0

b. Enable Low-pass Output Filter = Unchecked

General Motion Planner Units Drive/Motor Motor Feedback Aux Feedback Conversion
Homing Hookup Tune Dynamics Gainz Output Limits Offset Fault &ctions Tag

Motor Inettia: 0.000044 Kgm'2

Load Inertia R atio: 0.0] Load Inertia/Motor Inertia
Torque/Force Scaling: 0.01749257 % Rated/(Position Units/s"2)
System Acceleration: 5716.713 [Position Units/s™2) at 100% Rated

[] Enable Notch Filter Frequency

[] Enable Low-pass Output Filter

8.

IMPORTANT: Suppress resonances.

a. Briefly enable the axis with an MSO motion direct command
followed by an MSF instruction.

b. If an audible noise exists at any time, use a smart phone app to
identify resonant frequencies and set torque loop filters to remove
them. See Compensating for High Frequency Resonances on page 73
to manually tune out resonant frequencies.

IMPORTANT: If required, reduce the Maximum Acceleration and
Deceleration to meet application requirements and to protect the drive
and motor from overload.

With Load Inertia Ratio = 0, acceleration limits are set to their
maximum value, providing the best performance for an unloaded motor.
However, the motor is loaded and may not be able to accelerate as fast.
As a result, you may have to reduce the Maximum Acceleration and
Deceleration to meet application requirements.

General IMation Planner Units Crive/Mator Motar Feedback Au Feedback Conversion
Homing | Hockup Tume | Dwnamics Gaing | Output | Limits Offset Fault Actions Tag

M aximum Speed: .?0-333335 Position Units/s
M awimum Acceleration: .1 4025113 I Position Units/s"2

M awimumn Deceleration: ;.1.4025-1 13 Position Units/s"2

M awirum Acceleration Jerk: 27763948 Position Units/s"3 =100% of Max Accel Time
M awimum Deceleration Jerk: 27763948 | Position Units/s"3 =100% of Max Decel Time
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EtherNet/IP Drives

The following sections provide information for out-of-box tuning of
EtherNet/IP drives.

Gain Calculation

When the load ratio is set to zero in the Logix Designer application, but the
actual load ratio R is non-zero, the torque scalar is lower than what is required
by the servo system and must be increased by a factor of (R+1). This load
disconnect has the following effects:

e The effectiveness of the acceleration feed forward that is applied is
reduced with respect to the K, gvalue entered in the Logix Designer

application.

o The torque scalar ‘steals’ a factor of (R+1) from K, lowering the actual
velocity loop bandwidth by a factor of (R+1) with respect to the K,
value entered in the Logix Designer application. Reducing K, causes
the spacing between it and K; to become smaller, which reduces the
velocity loop damping associated with K;. Reducing K, also causes the
loop spacing between it and K, to become smaller, which reduces the

Pp
position loop damping associated with loop spacing.

Figure 36 - Effects of Unknown Load R=0
Loop Velocity Loop Actual Velocity Kot R 1
Spacing Loop Bandwidth
Damping
L mky e b

2 Ky Integrator Torque
s Damping Scalar

To increase damping when K, is artificially lowered, all the other gains are

decreased by an extra factor of 10. This provides satisfactory motion
performance over a large class of unknown loads. In an EtherNet/IP drive, the

default damping factor is z = 1.0. This produces a loop spacing of 472% = 4. The
gains are calculated from the torque loop bandwidth (T,,) in units of Hz.

Velocity Loop Bandwidth: K, = Ty, / (42°)
Position Loop Bandwidth: Kop=Kp/ (40z%)
Velocity Integral Bandwidth:  K; =0o0rK,,/ (402)
Position Integral Bandwidth: Kpi=0orKy,/ (402%)
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Figure 37 - EtherNet/IP Drive Out-of-Box Gain Relationships without Load Observer

Defaults for other relevant parameters are given.
Velocity Feedforward Gain: K, =0,100
Acceleration Feedforward Gain: K, g =0, 100
Low-pass Filter Bandwidth: LP =5xK,,

When Load Observer with Velocity Estimate is applied, it automatically
accounts for the arbitrary load disconnect created by the load, forcing it to
function like an unloaded motor. As a result, standard 4 spacing sufficient for
controlling an unloaded motor is applied when the load observer is enabled.

Figure 38 - EtherNet/IP Drive Out-of-Box Gain Relationships with Load Observer

When the low-pass filter is enabled, set it to a value greater than S times K, or

KOP, whichever is larger. This prevents additional phase lag created by the low-
pass filter from being introduced into the system, causing instability. When the

load observer is enabled, the low-pass filter default setting is given.

Low-pass Filter Bandwidth: ~ LP =5xK,

EtherNet/IP Drive Recommended Settings

This method of setting control loop gains applies to Kinetix 5500,

Kinetix 5700, and Kinetix 6500 drives. It works for unknown loads or when an
autotune is not performed. It uses load observer and produces a relatively high
level of performance in 90% of motion applications. Most of the time, there is
no need to perform an autotune procedure or further optimize gain settings.
Therefore, it has become the recommended out-of-box setting for EtherNet/IP
drives.
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Follow these steps to configure the drive for high performance right out of the
box.

1. Click the Autotune tab in the Axis Properties dialog box.

a. From the pull-down menus for Application Type, Loop Response,
and Load Coupling, choose Custom, Medium, and Rigid settings,
respectively.

b. Verify that only the Velocity Feedforward box is checked.

Categories:
General une Contiol Loop by Measunng Load Charactenstics
= Motor .
Model mc.m Custom 3 Perform Tune
Motor Feedback. s .
Scaling Respones: | Medim v
Hookup Tests -
Polaty o [ v Loop Parameters Tuned
|Hame |Current | Tuned |unts| -
= Load Customize Gains to Tune T ——"— e
Backlash [C] Position Integeator Bandwidth PostionintegratorBand... | Hz
s asaid []Velociy Integsator Bandwidh VeloctyLoopBantwidth il 9
=2 arced Compensation
Observer [¥] Velocily Feedionward Laoa:di: e g
Posttion Loop [] Acceletation Feedforward L =
Velocity Loop |hame |current [Tuned [units]
Ascelerlion Loce [C] Torque Low Pass Fiter MaximumAcceleraton [ Po...

2. Click the Load tab in the Axis Properties dialog box.

a. Check Use Load Ratio.
b. Set the Load Ratio = 0.

Categories:
Gurta
- Hotoe Load Inertia/Mass
Model
Molor Feedback Load Coupling Rigid v
Sodky Use Load Ratio ' '
Hookup Tests =
Polaity Load Riatio: 00 Load Inertia/Motor Inertia
| Molor Inertia: |0.000044 Kgm"2
Backlash .

3. Click the Observer tab in the Axis Properties dialog box.

a. From the Configuration pull-down menu, choose Load Observer

with Velocity Estimate.
Categones:
General
= Moto . 7
Model Configuration: Load Observer with Velocity E stimate v Patameters...
Motor Feedback Bandwidth: 31151455 Hertz
Scalig Bandwidth 00 Hertz
Hookup Tests i
Polaiity

i

b. Click Apply and then click Yes to update all dependent attributes.
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: Observer
L Pasition Loop
- Velocity Loop

The Load Observer Bandwidth and other gains are set automatically.
1 1
4 4 1
()=} =)
0 0 0

IMPORTANT: Suppress resonances.

a. For Kinetix 5500 and Kinetix 5700 drives, choose Tracking Notch
Filter from the Adaptive Tuning Configuration pull-down menu on

the Compliance tab in the Axis Properties dialog box.

Adaptive Tuning

Adaptive Tuning Canfiguration: I Tracking Motch Filter j
Torgue Match Filter High Frequency Limit: |ZDUD.U Hertz
Torque Motch Filter Law Frequency Limit: |298 33984 Hertz

Torque Motch Filter Tuning Threshold: |5 1] % Motor Rated

b. For Kinetix 6500 drives, briefly enable the axis with an MSO motion
direct command followed by an MSF instruction. If an audible noise
exists at any time, use a smart phone app to identify resonant
frequencies and set torque loop filters to remove them. See
Compensating for High Frequency Resonances on page 73 to
manually tune out resonant frequencies.

IMPORTANT: If required, reduce the Maximum Acceleration and
Deceleration to meet application requirements and to protect the drive
and motor from overload.

With Load Inertia Ratio = 0, acceleration limits are set to their
maximum value, providing the best performance for an unloaded motor.
However, the motor is loaded and may not be able to accelerate as fast.
As a result, you may have to reduce the Maximum Acceleration and
Deceleration to meet application requirements.

Categories:

General
(=) Motor
Model Arrceleration Limit:
Mator Feedback.
Scaling
Hookup Tests
Polarity
Autotune
= Load
Backlash
Compliance
Friction
Observer
Fosition Loop
Yelociy Loop
A ioh Loop

40819.477
40819477

Position Units/s"2

Deceleration Limit: Pasition Units/s™2

Rockwell Automation Publication MOTION-AT005C-EN-P - May 2016



Out-of-Box Tuning  Chapter2

Is Further Tuning Required? Here are some observations that indicate the servo drive can produce

satisfactory performance without additional tuning:

Visibly smooth motion from a smooth cycle profile

Little to no audible noise produced during and after a commanded
motion

Position and/or velocity errors are within the application requirements
Position and/or velocity errors are repeatable

The cycle profile is within the thermal limits of the drive and motor

If the load does not respond as intended, consider these factors before tuning:

Investigate proper servo sizing. The best way to do this is to model the
axis in Motion Analyzer software to verify the proper sizing of the
motor and drive for the specified load and move profile. You can also
compare various design options for gear ratio, load size, coupling
configuration, high-resolution versus low-resolution feedback device,
move profile types, and so forth.

Simulate the axis in Motion Analyzer software, testing various control
loop gain settings to conclude the desired motion can be achieved.
Compliance and machine vibration can often be minimized by creating
amore direct and stiff coupling between the motor and load. Helping to
achieve this are quality couplings, gearboxes, actuators, and guides.

If the load requires additional tuning to further optimize motion performance,

see Autotuning on page 45 and Manual Tuning on page 65.
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Notes:
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Sercos Drives

Autotuning

This chapter provides autotuning information for Sercos and EtherNet/IP
servo drives.

Topic Page
Sercos Drives 45
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Is Further Tuning Required? 63

Out-of-box refers to default control loop gain settings that are pre-configured
for a new axis when it is created. Because the load is unknown at this point, the
motor is assumed to be unloaded and the load ratio R = 0. However, when the
load is known or an autotune has been performed, the control loop gains are
configured for a load ratio R > 0. This is the primary difference affecting out-
of-box and autotuning rules. Thus, the phrase out-of-box implies R = 0 and the
term ‘autotune’ implies R > 0.

Autotune automatically performs two basic functions with minimal
intervention:

¢ Autotune momentarily initiates motion in a ‘bump test’ to measure the
load ratio (R). The torque scalar and system acceleration are calculated
from R and the axis dynamics and limits are calculated from these
parameters.

o Control loop gains are calculated based on the torque-loop bandwidth
(Tyy)> which is determined from the drive model time constant

(DMTC), depending on the drive and motor selected.

The following subsections provide information for autotuning Sercos drives.

Bump Test

When autotune performs the bump test, a momentary tuning torque is applied
to the motor while the acceleration and deceleration times are measured. This
information is then used to calculate the load ratio (R), torque scalar, and
system inertia. The top four parameters on the Tune tab of the Axis Properties
dialog box are used to keep the motor and load within specified position,
velocity, acceleration, and direction limits during the bump test.
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Figure 39 - Sercos Drive Autotune Bump Test Parameters

General Motion Planner Urits Drive/Motor Motor Feedback Aux Feedback Conversion
Homing | Hookup | Tume® | Dynamics | Gains | Ouput | Limits | Offset | FaulActions | Tag

Travel Limit 20 Position Uriits

Speed: 100 Position Urits/s ) DANGER: Starting tuning
. with controller
Toique/Force: | E80.0 % Rated in Program or Run Mode

causes axis motion
Direction: Forward Uni-deectional +

Damping Factor: 0.8

Tune
[T] Position Emo Integrator [ ] Velocity Errot Integrator [ Friction Compensation
[)Velociy Feedionward  [[] Acceleration Feedionward

[C] Output Fier

Set the Direction of the autotune test based on the application requirements.
The default direction is Forward Uni-directional. Set the Travel Limit and
Speed based on the physical limits dictated by the mechanics of the application.
Start with Torque/Force = 50. If the bump test fails, change the limits slightly
and try again. The load ratio, torque scalar, and system acceleration are then
calculated upon successful completion of the bump test.

Figure 40 - Sercos Drive Autotune Bump Test Results

Genetal | Motion Plannes | Units Diive/Motor | Motor Feedback | AuxFeedback | Conversion
Homing | Hockup | Tune Dynamics | Gans | Oulput" | Limis | Offset | FaulActions | Tag
Motor Inertia: 0.000044 Kgm"2
Load Inestia Ratio: 200 Load Inettia/Motor Inettia
Totque/Force Scaling 036734396 % Rated/[Position Units/s"2)
System Accelesation: 27222443 [Postion Units/s"2) at 100% Rated
Gain Calculation

The remaining parameters on the Tune tab of the Axis Properties dialog box
are used to calculate control loop gains. The damping factor z = 0.8 by default.

Application Type

The Tune check boxes determine which integrator and feed forward gains are
enabled and given a non-zero value.

Figure 41 - Sercos Drive Autotune Gain Selection Parameters

General Motion Plannes | Units Drive/Motor Maotor Feedback. Aux Feedback. Convession
Homing | Hookup | Tune® | Dynamics | Gams | Ouput | Limts | Offset | FaukActions | Tag

Travel Limit: 20 Paosition Units

Speed 100 Pasition Units/s ' DANGER: Starting tuning
i procedure with controlier

it ¥husd el

Direction: Fooward Uni-diectional v

Damping Factor. 0.8

Tune
] Position Emor Integrator  [] Velocity Enor Integrator | (] Friction Compensation
[ Velocity Feediomard [ Acceleration Feedioward

] Output Fites
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There are many combinations of integrator and feed forward gains to enable.
Table 11 shows some common applications and which integrator and feed
forward gains are enabled for each.

Table 11 - Sercos Drive Gain Selection Based on Application Type

Application Type | Applications Kpi Kii Integrator Hold | Ky | Kyt
Basic Basic smooth motion X

- Converting

+ Printing

+ Web
Tracking « Flying shear X X X

« (oordinated motion
« Rotary knife
« Packaging

« Pickand place
+ Indexing

+ Robotics X X
« Palletizing

Point to Point

- Conveyors
Constant Speed « Line shafts X X
+ (ranks

Positioning High performance position control | X X X

Autotune calculates the control loop gains when the controller is online and
the Start Tuning button is pressed. The position and velocity integrators are
calculated with non-zero values if they were selected on the Tune tab of the
Axis Properties dialog box.

Velocity Proportional Gain: Kp=2nT,/ (42%)
Position Proportional Gain: K, =K,/ (42%)

Velocity Integral Gain: K, =0,K,,> /4000
Position Integral Gain: K,; = 0,K,>/4000

Figure 42 - Sercos Drive Autotune Gain Relationships

z=08

In Sercos drives, damping factor affects loop spacing but not integrator spacing.

A loop spacing of 42 is sufficient for rigid loads but can be too hot for most
loads, which are classified as compliant. As a result, you often must de-tune the
control loop gains. Defaults for other relevant parameters are given.

Velocity Feedforward Gain: Ky =0,100
Acceleration Feedforward Gain: K g =0, 100
Low-pass Filter Bandwidth: LP =4xK/ (2m)
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Start Tuning

Follow these steps to execute an autotune. It may be beneficial to run a trend in
conjunction with executing an autotune. See Appendix B on page 99 for more
information.

1. Click the Start Tuning button on the Tune tab in the Axis Properties
dialog box. For variable inertia loads, perform an autotune at the point
of lowest mechanical inertia. If you manually calculate the Load Inertia
Ratio, enter the minimum load inertia on the Output tab.

General Motion Planner Units Drive/Motor Motor Feedback Aux Feedback Convession
Heming | Hookup Tune” Dynamics Gains DOutput Lirnits Dffset Fault Actions Tag

Travel Limit: 20 Position Units

Speed: 100 Position Units/s ' DANGER: Starting tuning
. procedure with controller

Torque/Force: 1800 % Rated :Ssgmsmmilgnh"ode

Direction: Forward Unidirectional v

Damping Factor: 0.8

Tune
[ Position Error Integrator [ Velocity Error Integrator [[] Friction Compensation
Velocily Feediorward (] Acceleration Feedforward
[] Output Filter

After the autotune completes a bump test, a Tune Results dialog box
displays the Load Inertia Ratio resulting from the bump test. The
Position Loop Bandwidth = KPP / 2 T in units of Hz resulting from the
gain calculation.

x|
Posiion Loop Bandwidh 158709 Henz
Load Inertia Rt [z Load Inertia/Motor Inettia

' DANGER: The Bandwidth determned by the lune process i
_': the mavimwm bandwidth. I ing the bandwadth may
cause loop nstabiity.

I P

2. At this point, you can increase or decrease the calculated Position Loop
Bandwidth to recalculate the gains with higher or lower values.

Determine if the mechanical system attached to the motor is rigid or
compliant and adjust the Position Loop Bandwidth accordingly.
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e Rigid systems typically involve high performance load mechanics that
are tightly coupled directly to the motor shaft and there is no lost
motion. Because the gains are auto-calculated for rigid loads, this
type of load typically requires little to no adjustment of Position
Loop Bandwidth to dial in the performance.

Everything else is compliant, including systems with belts and
pulleys, long shafts, heavy loads, and couplings and gearboxes with
backlash and/or lost motion. For this type of load, a good starting
point is to reduce the Position Loop Bandwidth by a factor of the
Load Inertia Ratio +1 to assure stability. However, performance is
typically too low and you will have to incrementally increase Position
Loop Bandwidth in successive autotunes to dial in the performance.

3. Test the drive and observe mechanical performance and stability.

a. Create amove profile in the Studio 5000 Logix Designer” application
to observe the behavior of the mechanics while tuning.

See Appendix A for more information on Creating Move Profiles for
Tuning. An example CAM table for an MATC instruction is shown
below.

Stiree Pogion

|00
00

Masten

Lineor
Linor

7] | )
0 00 s
1 I 025 Lrew
@ ¢ 2 075 [
i 3] o Lirar
1 [ ] 10 \Cuic
w ERE (075 Unesr
5 (025 O

7]

.8

b. Create a trend in the Logix Designer application to monitor

Command Position, Command Velocity, Torque Reference, Position
Error, and Velocity Error.

See Appendix B for more information on how to Create Trends for
Tuning. An example trend is shown below.
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c. Go online with the controller and have the drive in a Ready state.

d. Enable the drive with an MSO instruction or motion direct
command.

IMPORTANT  If the drive has not been enabled before this step (new installation),
verify that you have safeguards in place to safely remove power
from the drive in case of an unstable situation where the drive can
produce undesired motion.

e. Execute the move profile.

Start the move cycles slowly at approximately 2...3% of the
application's speed with a period of 4 seconds, increasing the speed to
match your application requirements.

f. Run the trend and observe the mechanical performance.

IMPORTANT  If an audible noise exists at any time while tuning, use a smart
phone app to identify the resonant frequencies and set torque loop
filters to remove them. See Compensating for High Frequency
Resonances on page 73 to tune out resonant frequencies.

g. Stop the trend.
h. Stop the drive with an MAS instruction or motion direct command.
i. Disable the drive with an MSF instruction or motion direct

command.

4. Repeat the previous steps, executing an autotune to incrementally
increase the Position Loop Bandwidth until you achieve the highest
performance within application requirements where the Torque
Reference signal is not too oscillatory or noisy.
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Other Parameters

Other selection parameters on the Tune tab of the Axis Properties dialog box
are listed below:

¢ Friction Compensation - For more information, see Friction

Compensation on page 81.

e Torque Offset - For more information, see Appendix D on Vertical Axis
Tuning.

e Output Filter - This check box enables the Low-pass Output Filter. It is
used in conjunction with the Notch Filter to suppress audible vibration
noise and high frequency resonances. For more information, see

Compensating for High Frequency Resonances on page 73.

When enabled, autotune calculates the Low-pass Output Filter
Frequency (LP) in Hz.

Low-pass Filter Bandwidth: LP =4x K/ (2m)
o Integrator Hold - When Integrator Hold is enabled, the servo loop
temporarily disables the position and velocity integrators while the

velocity command is non-zero. This feature is used in point-to-point
moves to minimize the integrator wind-up and phase lag during motion.

When Integrator Hold is disabled, all active position and velocity
integrators are always enabled.
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Using Load Observer with Autotune

This procedure applies to Kinetix” 6000 and Kinetix 6200 drives. It involves
configuring the load observer feature after executing an autotune. This method
also works for any existing set of gains where the Load Inertia Ratio is known
or manually calculated; that is, when the Load Inertia Ratio > 0. However, we
advise that you first try the Sercos drive recommended settings. See Sercos
Drive Recommended Settings on page 36 for more information.

1. Click the Tune tab in the Axis Properties dialog box and perform an
autotune. Follow all of the steps in Start Tuning on page 48.

2. Click the Output tab in the Axis Properties dialog box and verify that
the Load Inertia Ratio > 0. If you manually calculate the Load Inertia
Ratio, enter the minimum load inertia.

General Motion Planner Units Drive/Motor Motor Feedback Bux Feedback Conversion
| Homing | Hookup | Tune Dynamics | Gains Output | L imits Offset | Faultéctions | Tag
Motor Ineria: 0.000044 Kgm™2
Load Inertia R atio: Load Inertia/Motor Inertia
Torque/Force Scaling 0.2826076 % Rated/(Pasition Units/s™2)
System Acceleration: 353.84753 [Position Units/s™2] at 100% Rated

3. Click the Gains tab in the Axis Properties dialog box.

Take note of the Velocity Proportional Gain value and set the Load
Observer Bandwidth IDN P-432 equal to this value.

General Iotion Planner Units Drive/Motor Motor Feedback Aux Feedback Corversion
Homing | Hookup | Tune | Dynamics | Gains® | Output | Limits | Offset | FautActions | Tag

Position Gains

Proportional s

Integral 5.7756 1/ms-s
Welocity Gains Feedforward Gaing

Proportional: | 389105 175 Velocity 100 5

e a0 faney Acceleration: |0.0 %

Integrator Hold: | Disabled v

4. Configure these IDN parameter values.

a. IDNP-431=2

b. IDN P-432 = Velocity Proportional Gain value from the previous
step

c. IDNP-433=0
d. IDN P-065=1

File Edit Explore Actions Help

= 08 F-50 88 = U
&l Devices SJ N:P.PZ | Name | Value I Units
=) Node 1: - 2094D SERVO 1:0930 Reserved 0
= 0 - 2094D SERVO Config 0000 1:0931 Load Obs Config With Vel Est
Parameter List 1:0932 Load Obs Bw 389 rd/s
L sans 1:0933 Load Obs Int Bw 0 rd/s

5. Enable the Low-pass Output Filter and set the Low-pass Output Filter
Bandwidth equal to zero to properly disable it.
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EtherNet/IP Drives

Sercos IDN P-065 has an impact on how the Low-pass Output Filter
functions. See Table 5 on page 24 for more information.

6. Execute a move profile and run a trend to observe the mechanical
performance.

IMPORTANT  Ifan audible noise exists at any time, use a smart phone app to
identify resonant frequencies and set torque loop filters to remove
them. See Compensating for High Frequency Resonances on
page 73 to tune out resonant frequencies.

The following subsections provide information for autotuning EtherNet/IP
drives.

Bump Test

When autotune performs the bump test, a momentary tuning torque is applied
to the motor while the acceleration and deceleration times are measured. This

information is then used to calculate the load ratio (R), system inertia (torque

scalar), and system acceleration. The bottom parameters on the Tune tab of the
Axis Properties dialog box are used to keep the motor and load within specified
position, velocity, acceleration, and direction limits during the bump test.

Figure 43 - EtherNet/IP Drive Autotune Bump Test Parameters

General Tune Control Loop by Measuring Load Characteristics
Motor s
Model Appich ation Clsthom 3 Perform Tune
Motor Feedback ey
Scaling Re: : Medum -
Hookup Tests
Polaily e Compliant v Loop Parameters Tuned
(Autotune [Name |Current Tuned |unzs| ~
Load Customize Gains to Tune oot . s
Backlash [] Position Integrator B andwidih PostionintegratorBand... e
?‘E‘.""’me (] Velociy Integrator Bandwidth VelocayLoopBandwidth W | v
ncion <
Observer [¥] Velocity Feedtomard B Advanced Compensalion
Position Loop ) Load Parameters Tuned
Velocty Loop ClAcsasim fendund [Name Currert Tuned Junas] A
Acceleration Loop [ Torque Low Pass Fiter Maximuma.cosleration Fo...
Torgue/Cument Loop i i Po...
Plannet ! Systeminertia % .. | ¥
Homing - - -
Actons
Drive Parameters I_rav.ei 20 & Fosition Units
Pasameter List Limet
Status Speed |50 « Position Units/s
o Torque: [280 © %Rated
a0
Direction: -

Set the Travel Limit and Speed based on the physical limits dictated by the
mechanics of the application. Start with Torque/Force = 50. If the bump test
fails, change the limits slightly and try again. The load ratio, system inertia
(torque scalar), and system acceleration are then calculated upon successful
completion of the bump test.

Figure 44 - EtherNet/IP Autotune Bump Test Results
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General lCharacteristics of Motor Load
= Motor .
Model Load Inertia/Mass -
Motar Feedback Load Coupling: Compliant B
Scaling (7] Use Load Ralio
Hookup Tests
Polarity | Load Ratio: 200 Load Inettia/Motor Inertia |
Autotune Motor Inertia: 0.000044 Kg-m"2
!
Backlash
Compliance
Friction
Observer Inertia/Mass Compensation
Paosition Loop System Inertia: 0.3038342 % Rated/[Rev/s™2)
Velocity Loop : '
Asodleralion Lists System Acceleration: 32912886 Rev/s"2 @100 % Rated

You can select whether you manually enter the load ratio or have it calculated
during an autotune bump test. If you want to manually calculate the load ratio,
clear the Measure Inertia using Tune Profile checkbox. For variable inertia
loads, perform autotune at the point of lowest mechanical inertia. Table 12
shows the different combinations possible by using the checkboxes in the
previous two figures.

Table 12 - Checkbox Combinations Affecting Load Ratio Calculation

Measuring Inertia | Use Load
using Tune Profile | Ratio Result
Checkbox Checkbox

Bump Test is not performed. Only the gains are calculated during autotune
based on application type, loop response, and load coupling.

Bump Test is performed. Total Inertia is measured and calculated, but Load

X Ratio is not calculated.
X Bump Test is not performed. The entered Load Ratio is used in other
autotune calculations.
X X Bump Test is performed. Load Ratio is calculated and used in other autotune

calculations.
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Gain Calculation

The remaining parameters on the Tune tab of the Axis Properties dialog box
are used to calculate control loop gains.

Figure 45 - EtherNet/IP Drive Autotune Gain Selection Parameters

General Tune Control Loop by Measuring Load Charactenstics
= Motor e
Model ?fpp:cehon Custom k- Perform Tune
Motor Feedback ey
Scaling Response: Medum b
Hookup Tests
Polary lEoed Complant v Loop Paameters Tuned
|ame |Current Tuned Junts| A
= Load Customize Gains to Tune PostionLoopBandwidth He
Backlash [[] Position Integrator Bandwidth PostioninteqralorBiand . Hz
IE;’:‘::""" [ Velocily Integrator Bandwidth Y OCREDOREMEY KL A
e | st T
Puasition Loop [ Acceleration Feedionward ST
Velocity Loop |Nm ]Cllreﬂ ]Ibhed IWSE M
Accelerstion Loop  \__ L 10rque Low Pass Fiter ) MaximumAcceleration Po..
Totque/Cuttent Loop MaximumDeceteration Fo..
Planner Systeminertia o]
Homing { - - -
Actions
Drive Parameters Tiavel (55 « Position Units
Parameter List Limit
Status Speed. |50 + Position Urats/s
Sl Torue: 250 € %Rated
9
Direction: -
Application Type

There are many combinations of integrator and feed forward gains to enable.
Table 13 shows some common applications and which integrator and feed
forward gains are enabled; that is, which ones are given non-zero values.

Table 13 - EtherNet/IP Drive Gain Selection Based on Application Type

Application Type | Applications Ki | Kii Integrator Hold | Kyt | Ky¢

Basic Basic smooth motion

>

« (onverting
+ Printing
« Web
Tracking « Flying shear X X X
« Coordinated motion
Rotary knife
Packaging

Pick and place
Indexing
Robotics

- Palletizing

Point to Point

« (onveyors
Constant Speed - Line shafts X X
« Cranks

Custom " High performance position tracking | X X X

(1) One of many possible combinations available with the Custom setting.
Loop Response

Loop response sets the damping factor (z). For more information, see Damping
Factor on page 16. The loop response settings are described below:
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o A High loop response sets the damping factor z = 0.8, which is
characterized by a faster rise time with overshoot.

e A Medium loop response sets the damping factor z = 1.0, which is
characterized by the fastest possible rise time without overshoot.

e A Low loop response sets the damping factor z = 1.5, which is
characterized by a slower response, similar to decreasing the bandwidth.

We recommend a Medium loop response setting.
Load Coupling

Load Coupling refers to whether the mechanical load connected to the motor
is rigid or compliant, which is described as follows:

e Rigid systems typically involve high performance load mechanics that
are tightly coupled directly to the motor shaft. The mechanics are stiff
and there is no lost motion.

e Everything else is compliant, including systems with belts and pulleys,
long shafts, short shafts with heavy loads, and couplings and gearboxes
with backlash and/or lost motion.

Rigid Coupling - A loop spacing of 4z is sufficient for rigid loads. As a result,
autotune performs the following control loop gain calculations. The damping
factor z = 1.0 by default.

Figure 46 - EtherNet/IP Drive Autotune Rigid without Load Observer Gain Relationships

Default
z=1.0

When the load observer is enabled on the Observer tab of the Axis Properties
dialog box, autotune performs the following control loop gain calculations for
a rigid load coupling. Note that K, = K, for all autotune rules.

Figure 47 - EtherNet/IP Drive Autotune Rigid with Load Observer Gain Relationships

Compliant Coupling - Because compliant loads constitute such a large class of
systems, all the gains are reduced by a factor of (R+1) to achieve stability under
any circumstance. As a result, autotune performs the following control loop
gain calculations. The damping factor z = 1.0 by default.
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Figure 48 - EtherNet/IP Autotune Compliant without Load Observer Gain Relationships

Default
=10

Most of the time, these gain settings are too low and they can be manually
increased to boost motion performance. For more information, see Manual

Tuning on page 65.

When load observer is enabled on the Observer tab of the Axis Properties
dialog box, autotune performs the following control loop gain calculations.
Note that K, = K, for all autotune rules.

Figure 49 - EtherNet/IP Drive Autotune Compliant with Load Observer Gain Relationships
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Perform Tune

After choosing settings from the Application Type, Loop Response, and Load
Coupling pull-down menus, you are ready to perform an autotune while online
with the controller.

1. Click the Start button on the Autotune tab of the Axis Properties dialog
box. For variable inertia loads, perform an autotune at the point of
lowest mechanical inertia.

2. Ifyou want to manually calculate the Load Ratio, clear the Measure
Inertia using Tune Profile checkbox and enter the minimum load inertia
on the Output tab.

General JiTune Contiol Loop by Measunng Load Charactenstics
= Motor :
Modal ?ﬁggcatm Ciitlii v| Perform Tune
Motor Feedback o
Scaiing Response: LM X
Hookup Tests
Polaiity léoad » Complant v Loop Parameters Tuned
S [nane [Garert_[roned__Juris] &
= Load Customize Gains to Tune PosttionLoopBandwicth Hz
Backlash [] Position Integrator Bandwidth PasitionintegratorBand... | Hr
F’:"‘m“?“"“ [[]Velocity Integrator Bandwidth VeloctyL.oopBandwidth He |
Pl Velocily Feediomard £l Advenned Eampensation
Pogiion Loop h S " Load Parameters Tuned
Vot Lone [ Acceleration Feedfomwar [Name [current Tuned [Unts] ~
S analaationi LoD [[] Torque Low Pass Fier MaximumAcceleration Po...
Torque/Current Loop MaximumDeceleration | Po...
Flanner [ ST L ] Systeminertia P | M

3. Wait for the tuning to complete.
4. Click Accept Tuned Values.
5. Test the drive and observe mechanical performance and stability.

a. Create a move profile in the Logix Designer application to observe
the behavior of the mechanical load while tuning.

See Appendix A for more information on Creating Move Profiles for
Tuning. An example CAM table for an MATC instruction is shown

below.
St Pogaion o 1) ]mester [Sive [1ype |-
0 |00 00 Cutie
194 1]03335.[025  Unewr
I » [EZR0606E... OIS  Kuble
I 3|10 10 Linear
1 & 4|20 _tﬂ Cites
Bl o 5 |23533. (075 [Lnewr
1 6 |26885 025 G
| 1 T 130 L Lnear
o a 540 |00 e
| ) :
=t & "JI A L a
| : |
J
|
L] ]
|
|
Mase
, ] TR ; ; p
!
02 b—a =
. " .
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b. Create a trend in the Logix Designer application to monitor
Command Position, Command Velocity, Torque Reference, Position
Error, and Velocity Error.

See Appendix B for more information on how to Create Trends for

Tuning. An example trend is shown below.

o=t CommandPostion | 4000018 fLnnoliindey oo it
“0.000840 1:2048.571 PM
=1 Commandvelocty | 11.89838
11 999853
s TorqueRe{erence | 20.798208
21043554
s PosiianError 0001424
0001410
s VelociyError [(E5ES
0227839

20739208
i
N
-21 043554
L |

f m%\m I !

=
=
Z
==
2

0227839

1:49:92.407 P 1:49:44.407 PM

c. Go online with the controller and have the drive in a Ready state.

d. Enable the drive with an MSO instruction or motion direct
command.

IMPORTANT  If the drive has not been enabled before this step (new installation),
verify that you have safequards in place to safely remove power
from the drive in case of an unstable situation where the drive can
produce undesired motion.

e. Execute the move profile.

Start the move cycles slowly at approximately 2 to 3% of the
application’s speed with a period of 4 seconds, increasing the speed to
match your application requirements.

f. Run the trend and observe the mechanical performance.

g. Important: Suppress resonances. For Kinetix 5500 and Kinetix 5700
drives, choose Tracking Notch Filter from the Adaptive Tuning
Configuration pull-down menu on the Compliance tab in the Axis
Properties dialog box. For Kinetix 6500 drives, if an audible noise
exists at any time while tuning, use a smart phone app to identify
resonant frequencies and set torque loop filters to remove them. See
Compensating for High Frequency Resonances on page 73 to
manually tune out resonant frequencies.

h. Stop the trend.
i. Stop the drive with an MAS instruction or motion direct command.

j. Disable the drive with an MSF instruction or motion direct
command.
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6. Click the Manual Tune button in the low left corner of the Axis
Properties dialog box.

Manual Tune oK Cancel Apply Help

Similar to the Sercos Tune Results box, you can increase or decrease the
System Bandwidth slider to recalculate the gains with higher or lower
values based on the autotune rules. Rigid loads typically require little to
no adjustment of System Bandwidth and compliant loads typically
require an increase in System Bandwidth to dial in the performance.

Figure 50 - System Bandwidth Gain Calculation
&0 -®
1 1
47? 472

® ©®

7. Repeatstep 5 to test performance while adjusting the System Bandwidth
slider until you achieve the highest performance within application
requirements where the Torque Reference signal is not too oscillatory or

noisy.
Qs Motion Console - Axis1 \El@
Manual Tuning Reset Motion Generator More Commands
& System Cormands Motion Servo On
g Bandwidth; 2l ¢ Herz _
2 il 500 =
5
| ) -8 MSF
g System 0 . g o
@ Damping:
L4 08 15 - hd)
E Tuning Configuration B MAM
Application Custom § mgg
Coupling: Rigid & MAFR
Gains To Tune
3 Position Integrator Bandwidth
a Velocity Integrator Bandwidth
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Using Load Observer with Autotune

This procedure applies to Kinetix 5500, Kinetix 5700, and Kinetix 6500
drives. It involves configuring the load observer feature after executing an
autotune. This method also works for any existing set of gains where the Load
Ratio is known or manually calculated; that is, when the Load Ratio > 0.
However, we advise that you first try the EtherNet/IP drive recommended
settings. See EtherNet/IP Drive Recommended Settings on page 40 for more
information.

1. Click the Start button on the Autotune tab in the Axis Properties dialog
box and perform an autotune. Follow all of the steps in Perform Tune on

page 58.

2. Click the Load tab in the Axis Properties dialog box and verify that the
Load Ratio > 0. If you manually calculate the Load Inertia Ratio, enter
the minimum load inertia.

o If the Measure Inertia using Tune Profile box was checked during
autotune, the measured Load Ratio is shown in the Load Ratio box.

e Ifyou manually calculate the Load Ratio, use the minimum load
inertia if it changes with position or over time.

e Otherwise, enter the Load Ratio if it is known.

Categories:
General Characteristics of Motor Load
= Motor =

Model Load Inertia/Mass
Motor Feedback Load Coupling: Rigid w
Scaling 5

Load Rat

Hookup Tests [Use i
Polarity Load Ratio: 200 Load Inettia/Motor Inertia
“"e Motor Inertia: 0.000044 Kgm'2

Backlash

3. Click the Observer tab in the Axis Properties dialog box.

a. From the Configuration pull-down menu, choose Load Observer
with Velocity Estimate.

Categoaries:
General L
= Motor

Model Configuration: Load Observer with Velocity Estimate  ~

Motor Feedback Bandwidth: 77.87874 Hestz

az:m Tests Integrator Bandwidth: 0.0 Hestz

Polarity

Autotune

= Load

Backlash
Complance
Fiiction

Posibon | oon.

b. Click Apply.

The Load Observer Bandwidth and other gains are set automatically.

4, Important: Supprcss resonances.

Rockwell Automation Publication MOTION-AT005C-EN-P - May 2016 61



Chapter 3

Autotuning

62

a. For Kinetix 5500 and Kinetix 5700 drives, choose Tracking Notch
Filter from the Adaptive Tuning Configuration pull-down menu on
the Compliance tab in the Axis Properties dialog box.

Adaptive Tuning

= Ln_ad
Adaptive Tuning Configuration: I Tracking Motch Filter j
Torque Moteh Filker High Frequency Limit; |2DUU.D Hertz
Torque Motch Filker Low Frequency Limit: |298.339E4 Hertz
-~ Position Loop Torque Match Filtker Tuning Threshald. |5.U % Motor Fated
- Welacity Loop
b. For Kinetix 6500 drives, if an audible noise exists at any time while
tuning, use a smart phone app to identify resonant frequencies and
set torque loop filters to remove them. See Compensating for High
Frequency Resonances on page 73 to tune out resonant frequencies.
5. Click Manual Tune in the lower left corner of the Axis Properties dialog
box and adjust the System Bandwidth slider to recalculate the gains with
higher or lower values based on the autotune rules and achieve the
required level of performance for the application.
'@ Motion Console - Axisl EI@
Manual Tuning Reset Motion Generator hdore Commands...
g g;it;ﬁdm: 6.0 ¢ Horiz Commands Motion Servo On
: 0.0 s0.0 = EH
" T MIF
g e 1.0 I
= Damping: B MAH
L) o " T WA
Bl Tuning Configuration B MAM
Application Custom g mgg
Coupling: Rigid % MAFR.
Gains To Tune
O Position Inteqgrator Bandwidth
8] Welocity Integrator Bandwidth

Set the Load Observer Bandwidth equal to the Velocity Loop
Bandwidth after each adjustment of the System bandwidth slider since
the System Bandwidth slider does not affect the Load Observer
bandwidth.

Velocity Loop

Loop Bandwidth: 77.87874 * | eHertz
Integrator Bandwidth: 0.0 ~ eHerz
Integrator Hold: Disabled e

Error 39723668 ~ | «Position Units/s

(A Additional Tune

\ A

Feedforward | Compensation ‘Filbers IL\mits IPIanner‘

System Inertia:
Torgue Offset:
Friction

Friction Cormpensation

0.3038342 | €% Rated/(Rev/s~2) Backlash Compensation 0.0 € Position Units
0.0 © €9 Rated Load Observer Configuration: Load Observer with Velocity Estimate
0.0 &% Rated Load Observer Bandwicth: 7787874 € Hertz

0.0 - € Position Units Load Observer Integrator Bandwictn: U0 «Heriz
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Is Further Tuning Required? Here are some observations that indicate the servo drive can produce

satisfactory performance without additional tuning:

Visibly smooth motion from a smooth cycle profile

Little to no audible noise produced during and after a commanded
motion

Position and/or velocity errors are within what is required for the
application

Position and/or velocity errors are repeatable

If the load does not respond as intended, consider these factors before tuning:

Investigate proper servo sizing. The best way to do this is to model the
axis in Motion Analyzer software to verify the proper sizing of the
motor and drive for the specified load and move profile. You can also
compare various design options for gear ratio, load size, coupling
configuration, high resolution versus low resolution feedback device,
and so forth.

Simulate the axis in Motion Analyzer software, testing various control
loop gain settings to conclude the desired motion can be achieved.
Compliance and machine vibration can often be minimized by creating
amore direct and stiff coupling between the motor and load. Helping to
achieve this are quality couplings, gearboxes, actuators, and guides.

If the load requires additional tuning to further optimize motion performance,

see Manual Tuning on page 65.
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Notes:
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Initialize the Axis (Optional)

Manual Tuning

This chapter describes a generally accepted method of manually tuning a servo
drive. This method is sometimes referred to as inside-out tuning where the
inner velocity loop is tuned, followed by tuning the outer position loop. It
involves incrementally increasing control loop gains to the point of marginal
stability, then backing them off by a given percentage. Typical ranges for
various gains are also given to provide guidelines.

Topic Page
Initialize the Axis (Optional) 65
Tune the Velocity Loop 67
Tune the Position Loop 71

The out-of-box and autotune rigid methods achieve relatively high
performance. However, if you are comfortable with tuning, this method can
help to further optimize performance from autotune-compliant settings or if
maximum performance is required. This method can be used in the following
situations where previously described methods do not produce the required
level of performance:

e To optimize performance starting with out-of-box or autotuned settings

o To tune a difficult axis from a stable initial state

Other requirements include the following:
e Start with a set of gains that produces stable operation
e The load is attached to the motor while tuning

e The drive uses a nested velocity-position loop structure, for example,
Sercos and EtherNet/IP drives

If you have just configured the axis with autotune or out-of-box settings
outlined in the previous chapters, but you still require more performance, skip

this section and proceed to Tune the Velocity Loop on page 67.

If your mechanical load is unstable or your control loop gain values are
undesirable, then start with this section. However, we advise that you first
attempt the recommended steps that are outlined in the previous chapters Out-
of-Box Tuning on page 35 and Autotuning on page 45, as they will yield stable

results.
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Follow these steps to bring the axis back to an initial state with default settings.

1. Go offline with the controller in the Studio 5000 Logix Designer®

application.

. Open the Axis Properties dialog box.

. Reset the axis configuration back to default settings by using either of

these methods:

e Set the motor type to ‘none’ and reselect the motor by its catalog
number.

e Delete the axis and drive and re-create them.

. Configure these applicable axis parameters.

a. Set the Loop Type = Position Servo

b. Set the damping factorz=1.0 (Loop Response = Medium in an
EtherNet/IP drives)

Set Ky, and Ky =0
- Set K and K;; =0
Set Position and Velocity Integrator Hold = Disabled
Set Load Observer Configuration = Disabled
Set Kopand Ky =0
. Set Kgpand K, g=0
Set the Low Pass Filter Bandwidth = 0
Set the Notch Filter Frequency = 0
k. Set the Lead-Lag Filter Gain = 1
I Set the Lead-Lag Filter Bandwidth = 0

59 Mmoo oo oo

-

—-

. Configure the axis dynamic limits.

a. Set the Torque limits to what is required for the application.
b. Change the Position Error Tolerance to a large value to avoid a fault.

c. For an EtherNet/IP drive, change the Velocity Error Tolerance to a
large value to avoid a fault.

. Configure the Load Inertia Ratio.

a. Ifyou know R > 0 from a previous autotune, enter it into the Logix
Designer application.

b. Ifyou calculated R at the point of lowest mechanical inertia, enter it
into the Logix Designer application.

c. Otherwise, set R = 0 in the Logix Designer application.

7. Setan initial value for K.
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Use a small value because the error tolerance has been changed. For an
EtherNet/IP drive, a value of KVP = 3 Hz is a good starting point.

General |
= Motor
Maodel Comne ) FPatameters...
Motor Feedback Bandwadth: 30 | Heitz
Scaing Itegrator Bandwidth: 00 Hertz
Hookup Tests = :
Polarity Integrator Hold: Disabled v
Autotune Acceleration Feedioward (0.0 | %
= Load
Backlash
Compliance Limits —
Sl Velocly Limit Postive: [ 16666666 | Position Units/s
Pasition ﬁ:::r Velocity Limit Negative: | -1666.6666 | Posiion Urits/s

WVelocity Loop Enor Tolerance: 139723868 | Position Urits/s

For a Sercos drive, a value of KVP =19 radians/second is a good starting

point.
General Motion Planner Units | Drive/Motor | Motor Feedback | AuxFeedback Conversion
| Homing | Hookup | Tune Dynamics _' Gains" | Output | Limits | Offset | Faultéctions | Tag
Position Gains
Proportionat: |0 15
— Set Custom Gains...
Integral: 00 1/ms-s
Velocity Gains — : Feedforward Gaing
Proportional iE 1/s Velocity: 1100 %
Integral: 0.0 1/ms-s Accelerstion: |0.0 | %
Tune the Ve'oqty Loop Follow these steps to manually tune the velocity loop.

1. Create a move profile in the Logix Designer application to observe the
behavior of the mechanical load while tuning.

See Appendix A for more information on Creating Move Profiles for
Tuning. An example CAM table for an MATC instruction is shown

below.
Sl Foftion = L[] | Master ]5""’ le ]‘
0 jon0 ‘UD ‘CLM
-1 “| 1033|028 [Linear
¢ ! . = | 2 J06666..|075 [k
[ 3|10 10 Lnear
J A 4120 10 Cubic
L. — + .
| 5 |23333..|075 Linear
I | 6 |26865, /025 Cubic
f \ 7130 'OD Linear
3 L 8 40 oo Lirwear
o ) 0 I
! \ =
[
\
&Ll G Cf & IP @
:I
2 | |
.I II
! Master
T " L T - t L T
- by | 24 2 4 L} E 7
| |
L o2 O -
, w »
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2. Create a trend in the Logix Designer application to monitor Command
Position, Command Velocity, Torque Reference, Position Error, and
Velocity Error.

See Appendix B for more information on how to Create Trends for
Tuning. The following is an example trend.

[E_J #ist CommandPosttion | 4000018 MO AR A
0.000840 12048571 Ph
Axist Commandveiocty | 11 533933
11 599953
Axist TorqueReterence | 20793208
21 D43554
Axist PostionEror 0001424
0001410
Axist WelochyError 0225183
0227839

i 1

. 3

0225165
1:49:42.407 P 1:49:44.407 P

0227830

=
8

S‘_,_é
S
Ly

=
-

3. Isolate the velocity loop.

a. Note the position and feed forward gain values, K, Ko, K g and
K, ¢ in the Axis Properties dialog box.

You must change them temporarily to isolate the velocity loop and
later restore them to the original values.

b. Temporarily configure these settings in the Axis Properties dialog
box:
o Kpp =0
.« Ky;=0
o Ky=0
« Kg=100
e Low Pass Bandwidth =0
o Notch Filter Frequency =0

4. Go online with the controller and have the drive in a Ready state.
5. Execute motion.

a. Enable the drive with an MSO instruction or motion direct
command.

IMPORTANT  If the drive has not been enabled before this step (new installation),
verify that you have safeguards in place to safely remove power
from the drive in case of an unstable situation where the drive can
produce undesired motion.

b. Execute the move profile.
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Start the move cycles slowly at approximately 2...3% of the
application's speed, increasing the speed to match your application
requirements.

6. Run the trend.

7. Incrementally increase K, while observing a reduction in the Velocity

Error trend.

You may need to stop motion after each modification of K.

Axis1 Commandvelocty | 11.999399 [ Tuning__Friday, Octaser 09, 2015 |
K 1:20:45.571 M

[=—F axist TorqueReterence | 20735208 H :
-21.043554 H ¥ f b § H i A H H H
Al VelagtyErTor 0225195 : ' ! ! i ; i ! ] g o

T el

-21 043554 H h h T H

0.225193 E W 2 E H H \ & 5
—— ] e ; ! WAF” MW g
1:43:42.407 PM 1:43:44 407 PM

.

e

-0.227838

8. Optionally, you can enable Load Observer with Velocity Estimate in
supported drives. See Load Observer Feature on page 20 for more
information.

a. If the load ratio R = 0 and Load Observer with Velocity Estimate is
enabled, set KOP =40* Kvp.

b. If the load ratio R > 0 and Load Observer with Velocity Estimate is
enabled, set K, = 1.0 * K, Note that K, = 0.5 * K, works better in
some applications.

c. Every time you increase or decrease K, in the following steps, also
increase or decrease KOP, keeping the ratio between KVP and KOP
constant.

9. Continue increasing KVp until ringing occurs in the Torquc Reference or

an audible high frequency noise is present.

IMPORTANT  Ifringing occurs in the Torque Reference signal or an audible noise
exists at any time while tuning, use a smart phone app to identify
the resonant frequencies and set torque loop filters to remove them.
See Compensating for High Frequency Resonances on page 73 to
manually tune out resonant frequencies. This may occur a few times
as you increase K, , before instability occurs.
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10. Continue increasing K, until a low pitch growling sound occurs or
when oscillation occurs in the Velocity Error Torque Reference signal as
shown in the following example. This is the point where instability
begins and K, cannot be successfully increased any further.

Ais] Commandvelocty | 11999998 Tuning  Friday, October 09,2015

11333333
[ #xis1 TorgueReference | 67 846640 . i 2 i i ) : ¢ H H H
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11. Decrease K, by dividing it by two.

Ais! Commandvelocky | 11.999998] Tuning  Friday, October 09, 2015

B
A3 TorcueReference | 32920651 i ; ; | : : - ] : i
2338187 - Z : O : : ! | g [
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12. Increase the dynamics of the move profile; for example, increase Time
Scaling and Distance Scaling in an MATC or other move instruction to
generate a more aggressive move profile that approaches the dynamic
and travel limits of your application.

13. See Table 11 on page 47 to determine if setting other velocity loop gains
are required for your application.

o For an EtherNet/IP drive, a typical range of values for various gains
are given:

0 <K, <100
0<K;<K, /4

e For Sercos drives, a typical range of values for various gains are given.
Note that many Sercos applications do not benefit from the use of
acceleration feed forward and K, g should remain equal to zero.

0<K,4<100
0<K,; <K,> /4000
14. Stop the trend.
15. Stop the drive with an MAS instruction or motion direct command.
16. Disable the drive with an MSF instruction or motion direct command.

17. Restore the position and feed forward gains with the original values
noted in step 3a to re-enable the position loop.
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Tune the Position Loop

Follow these steps to manually tune the position loop after tuning the velocity
loop in the previous section.

1. Go online with the controller and have the drive in a Ready state.

2. Execute motion.

a. Enable the drive with an MSO instruction or motion direct
command.

IMPORTANT  If the drive has not been enabled before this step (new installation),
verify that you have safequards in place to safely remove power
from the drive in case of an unstable situation where the drive can
produce undesired motion.

b. Execute the move profile.

Start the move cycles slowly at approximately 2...3% of the
application's speed with a period of 4 seconds, increasing the speed to
match your application requirements.

3. Run the trend.

4. Incrementally increase K, while observing a reduction in the Position

Error trend.

You may need to stop motion after each modification of K,

Friday, October 09, 2015

Axis1.CommandPosition | 4.000014 WLRE)

000o000| !
[E—Faoist TorqueReference | 35851374
-39 EB4514
a1 PostionErrar [LEGE] . ) i : : i ] : i ; }
e E : : : : : : i : : —e

-39 664514
0031873

<

-0.031876

24312638 PM 24314638 Pm

5. Continue increasing Kpp until you hear an audible low pitch growling

sound or until oscillation occurs in the Torque Reference.

6. Decrease K, by dividing it by two.

7. See Table 11 on page 47 to determine if setting other position loop gains
are required for your application.
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o For an EtherNet/IP drive, a typical range of values for velocity feed
forward gain is given:

Axis1 CommandPostion | 4000014 WlhEl S ek Al
[10.000000e-7 ! g
A TorqueReterence || 32493238 !
32285671 i
Axis! PositionError 0.000122 !
“o0gTT7| 10000000 F |
52403298 ™
! .
32293671 !
ao0nt22( JM A A A ; A A
0000117 : ’\‘\N\V\ : L/\N\IFA 3

2:45:23 580 PM 2:45:25 580 PM

e For an EtherNet/IP drive, a typical range of values for the position
integral gain is given:
0<K, <K, /4

~Axis1 CommandPosition | 4000018 Wy ATy O A
0000000
= #xis1 TorqueReference | 37 952439 i 4 H ; H H | | N
ooz : ' i : : i ! .
#xi1 FostianErrar 0.000070
-0.000077 | 000000z
37.952499 ~
35075005 | i i i i d i " i i i
00000707 M i . ; i : Wfﬂﬂ WMM : i
-0.000077 | . WW | | | V | H V\J]/' H
5837614 P 2:56:39.614 PM

e Fora Sercos drive, a typical range of values for various gains are given:
0<Kg< 100
0<K,; <K,,* /4000
8. Stop the trend.
9. Stop the drive with an MAS instruction or motion direct command.
10. Disable the drive with an MSF instruction or motion direct command.

11. With the drive disabled, adjust the Position Error Tolerance and
Velocity Error Tolerance to values that are acceptable to the application
and that result in a fault when required.
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This chapter describes high-frequency resonances common to motion
applications and methods used to compensate for them.

Topic Page
Compensating for High Frequency Resonances 73
Notch Filter 76
Low Pass Filter 78
EtherNet/IP Drive Lag Filter 80
Friction Compensation 81
Backlash Compensation 83
COmpensating for H|gh Approximately half of all motion applications exhibit high-frequency

resonances that are apparent by an audible high-frequency squealing of the
load mechanics. Furthermore, all applications will ultimately exhibit resonance

Frequency Resonances

when pushing gains to their limit while optimizing performance. See
Mechanical Resonances on page 26 for more information on the various type
of resonances and how to suppress them.

For Kinetix” 5500 and Kinetix 5700 drives, see Adaptive Tuning Feature on
page 26 to automatically compensate for high frequency resonances.
Otherwise, follow these steps to manually identify and reduce the presence of
high frequency resonances.

1. Perform the following move sequence by using Motion Direct
Commands.
a. Enable the drive with an MSO instruction.
b. Slowly jog the axis with a MAJ or MAM instruction.
c. Stop the axis with a MAS instruction.

d. Disable the drive with an MSF instruction.

IMPORTANT  Sometimes an audible resonance is heard before the axis is jogged,
making the MAJ and MAS instructions unnecessary.
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2.

Determine if an audible high-frequency resonance exists in your motion
application.

e Ifan audible high frequency resonance is not present during the
move sequence, skip the remaining steps and tuning is complete.

e Ifan audible high frequency resonance is present during the move
sequence, use an FFT smart phone or tablet application to identify
the dominant resonant frequencies. This frequency is shown as the
largest peak in the iAnalyzer Lite example below.

107.5d6 627.3Hz D#5+5c. |
Full Yersion

i 1

If resonances are below the torque loop bandwidth in Hz and a low
pitch growling sound is present, then instability is present and you must
decrease your control loop gains before continuing with the following
steps.

For a Sercos drive, click the Output tab in the Axis Properties dialog box
and do the following.

a. Check the Enable Notch Filter Frequency box.

b. Set the Notch Filter Frequency to the resonant frequency with the
largest magnitude.

If multiple resonances have nearly the same magnitude, set the Notch
Filter Frequency to the lowest resonant frequency.

c. If the problem persists, set the Notch Filter Frequency to the next
highest resonant frequency.

d. If the problem persists, select the Enable Low-pass Output Filter box,
set the Low-pass Output Filter Frequency to 2000 Hz, and
decrement it until the ringing stops or until instability occurs. If
instability occurs, detune control loop gains until the system
stabilizes.

e. Asyou change control loop gains or the low pass filter bandwidth,
resonant frequencies may shift or change. As a result, it may be
necessary to periodically adjust torque notch filter parameters.
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f. Click OK.

General Moation Planner Units Drive/Motor Motor Feedback Aux Feedback Conversion
Homing | Hockup | Tune Dynamics | Gains® | Output” | Limits Difset Fault Actions | Tag

Motor Inertia: 0.000044 Kg-m"2

Load Inertia Ratio: 00 Load Inertia/Motor Inertia
Torque/Force Scaling 001749257 % Rated/{Position Units/s"2)
System Acceleration: 5716.713 [Position Units/s"2) at 100% Rated

Enable Motch Fiter Frequency

Notch Filter Frequency: 627. Heitz
[] Enable Low-pass Output Filter

5. For an EtherNet/IP drive, click the Compliance tab in the Axis
Properties dialog box and do the following.

a. Set the Torque Notch Filter Frequency to the resonant frequency
with the largest magnitude.

If multiple resonances have nearly the same magnitude, set the
Torque Notch Filter Frequency to the lowest resonant frequency.

b. If the problem persists, set the Torque Notch Filter Frequency to the
next highest resonant frequency.

c. If the problem persists, set the Torque Low Pass Filter Bandwidth to
2000 Hz and decrement it until ringing stops or until instability
occurs. If instability occurs, detune control loop gains until the
system stabilizes.

d. Asyou change control loop gains or the low pass filter bandwidth,
resonant frequencies may shift or change. As a result, it may be
necessary to periodically adjust torque notch filter parameters.

e. Click OK.
General
= Motor
Model Torque Low Pass Filter Bandwadtic 1]} Heitz
Motor Feedback. Torque Notch Filter Frequency: 527 3 Hertz
:‘mhﬂe Torque Lag Filter Gain: 1.0 |
Polanty Torque Lag Filter Bandwadth: a0 Hertz
Autotune
= Load
Backlash
a Compliance
Friction
Observer
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This section applies to the torque notch filter in Kinetix 6000, Kinetix 6200
and Kinetix 6500 drives, and early firmware revisions of Kinetix 5500 and
Kinetix 5700 drives. A notch filter is a filter that passes most frequency signals
unaltered but attenuates signals within a specific range of frequencies.

Figure 51 shows gain and phase through the filter as a function of the

frequency content of a signal passing through it.

Figure 51 - Notch Filter Bode Plot
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Notch filters typically have a relatively narrow and deep attenuation band.
Maximum attenuation is achieved at the notch filter frequency. The notch
filter is second order with an attenuation of approximately 40 dB at the notch
frequency.

As with any filter, its output is shifted in phase from the input. The shift is
present for all frequencies. The output lags the input up to the notch frequency
and leads the input for frequencies above the notch frequency.

The notch filter is effective in resonance control when the resonant frequency
is higher than the control loop bandwidth. Like the low-pass filter, the notch
filter works by significantly reducing the amount of energy in the device output
that can excite high frequency resonances. It can be used even when resonant
frequencies are relatively close to the control loop bandwidth. That is because
the phase lag introduced by the notch filter is localized around the notch
frequency. For the notch filter to be effective, the Notch Filter Frequency must
be set very close to the natural resonance frequency of the load.

For more information on manually setting the notch filter, see Compensating

for High Frequency Resonances on page 73.
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Sercos Drives

For a Sercos drive, click the Output tab in the Axis Properties dialog box.
Check Enable Notch Filter Frequency and set the Notch Filter Frequency to

the desired frequency in Hz.

Figure 52 - Sercos Notch Fllter Frequency

General Motion Planner Units DlwefMolq Motar Feedback Aux Feedback Conversion
Homing Hookup | Tune | Dynamics Gans" Output™ Limits Offset Faukt Actions |

Motor Inertia: 0.000044 Kgm™2
Load Inertia Ratio: 0.0 Load Inertia/Motor Inettia
Torque/Force Scaling 0.01749257 % Rated/(Position Units/s"2)
System Acceleration: 5716.713 (Position Units/s"2) at 100% Rated
Enable Notch Filter Frequency
MNotch Filter Frequency: FE Heitz

[[] Enable Low-pass Output Filter

Sercos IDN P-065 has an impact on how the Low-pass Output Filter

functions. See Table 5 on page 24 for more information.

EtherNet/IP Drives

For an EtherNet/IP drive, click the Compliance tab in the Axis Properties

dialog box. Set the Torque Notch Filter Frequency to the desired frequency in

Hz.

Figure 53 - CIP Notch Filter Frequency

General Compliance Compensation
= Motor = 4 1
Model Torque Low Pass Filer Bandwidth: |0 Hentz
Motor Feedback Torque Notch Filter Frequency: E | Heitz
Scaling . 3
Hookup Tests Torque Lag Fiter Gain: 1.0
Polarity Torque Lag Filter Bandwidth: ki) Hertz
Autotune
= Load
Backlash
* Compliance
Friction
Obzerver

The torque notch filter can also be automatically set in Kinetix 5500 and

Kinetix 5700 drives. Choose Tracking Notch Filter from the Adaptive Tuning

Configuration pull-down menu.
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This section applies to the torque low pass filter in Kinetix 6000, Kinetix 6200,
Kinetix 6500, Kinetix 5500, and Kinetix 5700 drives. A low pass filter passes
low frequency signals but attenuates signals above the filter's bandwidth.
Figure 54 shows gain and phase through the filter as a function of the

frequency content of a signal passing through it.

Figure 54 - First Order Low-pass Filter Bode Plot
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The signal is attenuated 3 dB at the filter bandwidth, also known as the cutoff
frequency. The low pass filter is first order and has an attenuation of 20 dB/
decade beyond the cutoft frequency.

As with any filter, its output is shifted in phase from the input. If the filter
bandwidth is set too low when the filter is enabled, the filter's phase lag adds to
the stack up of delays around the velocity loop and causes instability. This
occurs when the filter bandwidth approaches either the velocity loop
bandwidth or the load observer bandwidth when load observer is enabled,
whichever bandwidth is highest. In this case, the low pass filter must either be
disabled, its bandwidth increased, or the control loop gains decreased. For
more information on setting the low pass filter, see Compensating for High

Fl'CqLICIle Resonances on page Z i
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General
= Motar
Model
Motor Feedback
Sealing
Hookup Tests
Palarity
Autotune
= Load
Backlash
Compliance

| SHIHNY

Sercos Drives

For a Sercos drive, click the Output tab in the Axis Properties dialog box.

Check the Enable Low-pass Output Filter box and set the Low-pass Output

Filter Bandwidth to the desired frequency in Hz.

Figure 55 - Sercos Low-pass Filter Bandwidth

General Motion Planner Units Drive/Motor Motor Feadback Aux Feedback Corversion
Homing | Hookup = Tune Dynamics | Gains | Output” | Limts | Offset = FaubActions | Tag

Maotor Inertia: 0.000044 Kgm"2
Load Inertia Ratio: 15155865 Load Inertia/Motor Inestia
Torque/Force Scaling: 0.2826076 % Rated/[Position Units/s"2)
System Acceleration: 353.84753 {Position Urits/s"2) at 100% Rated
[ Enable Notch Fiter Frequency

Enable Low-pass Output Filter
Low-pass Dutput Fiter Bandwidth: | [T Heilz

If the Low-pass Output Filter is enabled and load observer is not enabled,
verify that the Low-pass Output Filter Bandwidth 2 K, / (27) x 5.

If the Low-pass Output Filter and load observer are enabled, verify that the
Low-pass Output Filter Bandwidth > max (K"P’ Kop) / (2m) x 5.

Sercos IDN P-065 has an impact on how the Low-pass Output Filter
functions. See Table 5 on page 24 for more information.

EtherNet/IP Drives

For an EtherNet/IP drive, click the Compliance tab in the Axis Properties

dialog box. Set the Torque Low Pass Filter Bandwidth to the desired frequency

in Hz.

Figure 56 - EtherNet/IP Low Pass Filter Bandwidth

Torque Low Pass Filter Bandwidth: 1000} Hertz
Torgue Motch Filker Frequency: o | Hertz
Toique Lag Filter Gair: 1.0

Torque Lag Filter B andwidth: 0o | Hertz

If the Torque Low Pass Output Filter is enabled and load observer is not

enabled, verify that the Torque Low Pass Output Filter Bandwidth > K\, x 5.

If the Torque Low Pass Output Filter and load observer are enabled, verify that

the Torque Low Pass Output Filter Bandwidth > max (KVP, Kop) x5.
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General

Model
Motor Feedback
Scaling
Hookup Tests
Polanty
Autoture

= Load
Backlash

Beial

EtherNet/IP drives provide a lead-lag filter with the following first order
transfer function.

6 = Ks+2nF —  s+2nF/K
T os+wmF T s+

The filter has a DC gain of 1, a user-configurable pole (lag) at F, and a user-
configurable zero (lead) at F/K. User-configurable parameters are given below.

K = Torque Lag Filter Gain
F = Torque Lag Filter Bandwidth in Hz

Click the Compliance tab in the Axis Properties dialog box to configure the
filter.

Figure 57 - EtherNet/IP Drive Lag Filter Parameters

Torque Low Pass Filter Bandwidth: | I Heitz
Torque Notch Filter Frequency: 0 Hertz
Torque Lag Filter Gain: 1.0

[ Torque Lag Filter Bandwadth: 00 Hertz ]

There are four modes:

e When K =0, the filter is a low-pass filter.

e When 0<K<1, the filter is a lag-lead. The initial use case for the filter
was to use it in this mode to compensate for high frequency gain boost
associated with compliant load mechanics. With a known load ratio (R)
and resonant frequency (Fr), a pole is placed at the anti-resonant
frequency and a zero is placed at the resonant frequency using the
following calculations:

K =1/sqrt (R+1)
F=KxFr

However, using this filter can make the drive more sensitive to
disturbances. We recommend using the Load Observer with Velocity
Estimate mode to compensate for load compliance and disturbances.

e When K=1, the filter is off. We recommend this mode of operation.

e When K>1, the filter is a lead-lag. This has been used to boost velocity
or acceleration loop bandwidth.
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Friction Compensation

Friction compensation applies a compensating directional torque or force to
the motor to overcome the effects of friction in a mechanical system, thus
reducing the control effort required. Individual attributes have been defined to
support compensation for static friction, sliding (Coulomb) friction, and
viscous friction. A compensation window attribute is also provided to mitigate
motor dithering associated with conventional friction compensation methods.

Static Friction

It is not unusual for a mechanical load to have enough static friction,
commonly called ‘sticktion] where the mechanical load refuses to move, even
with a significant position error. Position integral gain can be used to generate
enough drive output to correct the error, but this approach may not be
responsive enough for some applications. An alternative is to use Static Friction
Compensation to break the sticktion in the presence of a non-zero position
error. This is done by adding or subtracting a fixed torque level, as determined
by the Static Friction Compensation attribute, to the torque reference signal
value based on its current sign. This form of friction compensation is applied
only when the drive is static, that is, when there is no change in the position
command.

The Static Friction Compensation value must be just under the value to
overcome the sticktion. A larger value results in ‘dither} a phenomenon
describing a rapid back and forth motion of the load centered on the
commanded position as it overcompensates for the sticktion.

To address the issue of dither when applying Static Friction Compensation, a
Friction Compensation Window is applied around the current command
position when the load is at rest. If the actual position error is within the
Friction Compensation Window, the Static Friction Compensation value is
applied to the servo drive output but scaled by the ratio of the position error
signal to the Friction Compensation Window. Within the window, the
position loop and velocity loop integrators are also disabled to avoid the
hunting effect that occurs when the integrators wind up. Thus, once the
position error reaches or exceeds the value of the Friction Compensation
Window attribute, the full Static Friction Compensation value is applied. A
Friction Compensation Window value of zero effectively disables this feature.

A non-zero Friction Compensation Window effectively softens the Static
Friction Compensation as it is applied to the torque reference and reduces the
dithering and hunting effects that it can create. This feature generally lets
higher values of Static Friction Compensation to be applied, resulting in better
point-to-point positioning.
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Sliding Friction

Sliding friction or Coulomb friction, by definition, is the component of
friction that is independent of speed as long as the mechanical load is moving.
Sliding friction is always less than static friction for a given mechanical system.
The method of compensating for sliding friction is basically the same as that
for static friction, but the torque level added to the torque reference signal is
less than that applied to overcome static friction and is determined by the
Sliding Friction Compensation attribute. Sliding Friction Compensation is
applied only when the motor is being commanded to move.

Viscous Friction

Viscous friction is defined as the component of friction that increases linearly
with the speed of the mechanical system. The method of compensating for
viscous friction is to multiply the configured Viscous Friction Compensation
value by the speed of the motor and apply the result to the torque reference
signal. Viscous Friction Compensation is applied only when the motor is being
commanded to move.

Sercos Drives

For a Sercos drive, the friction-related values are located in the Offset tab of the
Axis Properties dialog box in the Studio 5000 Logix Designer” application.

Figure 58 - Sercos Drive Friction Compensation Attributes

| General | MotionFlanner | Units | Diive/Motor | Motos Feedback | AuxFeedn
Homing | Hookup | Tune | Dynamics | Gains | Outpw | Limis | Offset | Fe

Frction Compensation

Fiiction Compensation: [0 % | Manu
Window: 0o Position Units
EtherNet/IP Drives

For an EtherNet/IP drive, the friction-related values are located on the Load
tab of the Axis Properties dialog box in the Logix Designer application.

Figure 59 - EtherNet/IP Drive Friction Compensation Attributes

135 Auds Properties - fxis1

Categories:
[ General Friction Compensation
=1 Motor
Model Sliding Friction Compensation: 0.0 % Rated
Motor Feedback Compensation Window: 0.0 Position Units
Scaling
Hookup Tests
Polarity
Autotune
= Load
Backlash
Compliance
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Backlash Compensation

A number of important compensation features are included in the torque
control diagram. Backlash Compensation is used to stabilize the device control
loop behavior in applications with high load inertia ratios and mechanical

backlash.

The Backlash Compensation Window attribute is used to control the Backlash
Compensation feature. Mechanical backlash is a common problem in
applications that use gearboxes and inexpensive couplings. This problem
happens because until the input gear is turned to the point where its proximal
tooth contacts an adjacent tooth of the output gear, the reflected inertia of the
output is not felt at the motor. In other words, when the gear teeth are not
engaged, the system inertia is reduced to the motor inertia.

Figure 60 - Representation of Backlash
Inertia, J

Motor Inertia + Load

Motor Inertia —

Backlash Position
Distance

If the velocity control loop is tuned for peak performance with the load
applied, the control loops are under-damped at best and unstable at worst in
the condition where the gear teeth are not engaged. In the worst case scenario,
the motor and the input gear oscillate wildly between the limits imposed by the
output gear teeth. The result is a loud buzzing sound, commonly referred to as
‘gearbox chatter), when the load is at rest. If this situation persists, the gearbox
will prematurely wear out. To prevent this condition, the conventional
approach is to detune the velocity loop so that the axis is stable without the
gearbox load applied. Unfortunately, system performance suffers.

With a Backlash Stabilization Window value commensurate with the amount
of backlash in the mechanical system, the backlash stabilization algorithm is
very effective in eliminating backlash-induced instability while still
maintaining full system bandwidth. The key to this algorithm is a tapered Kj
profile, shown in Figure 61, that is a function of the position error. The reason
for the tapered profile, as opposed to a step profile, is that when the position
error exceeds the backlash distance, a step profile creates a very large
discontinuity in the torque output. This repulsing torque tends to slam the
motor back against the opposite gear tooth and perpetuates the buzzing effect.
The tapered profile can be qualified to run when only the acceleration
command or the velocity command to the control loop structure is zero, that is,
when not commanding motion that engages the teeth of the gearbox.
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Figure 61 - Backlash Stabilization Window

Effective K
Motor Inertia + Load
Backlash Position Error
Distance

Properly configured with a suitable value for the Backlash Compensation
Window, this algorithm entirely eliminates the gearbox buzz without sacrificing
any servo performance. The Backlash Compensation Window parameter
determines the width of the window over which backlash stabilization is
applied. In general, this value is set equal to or greater than the measured
backlash distance. A Backlash Stabilization Window value of zero effectively
disables this feature.

Sercos Drives

For a Sercos drive, the backlash related values are located on the Load tab of the
Axis Properties dialog in the Logix Designer application.

Figure 62 - Sercos Drive Backlash Compensation Attributes

r@ Axis Properties - sl

Generdl | MotonPlanner | Unds | DiveMotor | MolorFeedback | AusxFeer
Homing | Hookup | Tune | Dunamics | Gains | Output | Limks | Offset
Fnction Compenzation

Friction Compensation: 0.0 % L

window: 00 Paosition Units

Backlash Compensation

Reversal Offset: 0.0 Position Units
Stabilization Windowr 0o Paosition Units
EtherNet/IP Drives

For an EtherNet/IP drive, the backlash-related values are located on the Load
tab of the Axis Properties dialog box in the Logix Designer application.

Figure 63 - EtherNet/IP Drive Backlash Compensation Attributes

Q) Axis Properties - Axis1

Categories:
General Backlash Compensation
- Motor
Maodel Reversal Offset: 00 Position Units
Motor Feedback Compensation Window: 0.0 Position Units
Scaling
Hookup Tests
Polarity
Autotune
= Load
Compliance
Friction
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Chapter 6

Kinetix 300 Drive Tuning

This chapter provides instructions to perform an autotune and explains the
Kinetix” 300 drive control loops, filters, and how to use them. The autotune
method described below works well for most applications.

Topic Page
Control Loops 85
Autotune 85
Manual Tune 88
Filters 91

Control Loops The control loops within a Kinetix 300 servo drive are shown below.
Figure 64 - Kinetix 300 Drive Control Loops
Encoder - Z=8 Position Loop (used
Feedback : z in Indexing Mode)
Position D Gain Difference
>+
- K.> | >+ a
Target Position Position Error : z-1 _/— > / Velocity Command
* Position | Gain Position Saturation
Integrator
> b
Position P Gain
- = Fiter 1 Filter2
) . o _| ] Current Command
Target Velocity o+ Velocity Error | o Velocity | Gain Velocity - £| > > -
| K\ Integrator Satraton b
_ P > aturation by
Sv=2/(11+ GainScaling) y Scaled Current Limit
Velocity P Gain
LPF [ Velocity Feedback Velocity Loop (used in Indexing,
Velocity, and Torque Modes)
Feedback

Autotune

Low-pass Filter

Depending on the load, it is generally beneficial to autotune without the load
attached to achieve good control of the motor. This provides a stable motor

before the load is attached in the case of a compliant load type.

Rockwell Automation Publication MOTION-AT005C-EN-P - May 2016 85



Chapter6  Kinetix 300 Drive Tuning

Tuning Method

Follow the steps below to perform an autotune on a Kinetix 300 drive.

[

7.

86

Type in the IP address of the drive in Internet Explorer software and in
the General dialog box.

Set the drive mode to Auto Tune.

Description Value
Drive Mode EtherNetIP External Reference |«
Gurrent Limite Auto Tune =
= EtherietiP External Reference
Current Limit Master Gearing
Enable the drive.

Click the Autotuning window.

Gain Scaling -8

Enable Velocity Integrator In Pozition Mode

Autotuning

Enter the Travel Limit.

This is the maximum Travel Limit (the motor does not necessarily move
this distance).

Check the appropriate Tuning box depending on the drive mode.

1. Enable switch should be enabled.
2. During auto tuning motor can operate resulting in mechanical part

x|

to move or rotate. Do nottouch it
3. Select input parameters for auto tuning.
4. Hit "Start Auto tuning” button when ready.
5. Verify return parameters in dialog box, before accepting it
6. Accept or decline new parameters.
7. Home pozition will be lost

Travel Limit 1.0 [Uzer Unitz]
v Pozition Tuning
Velocity Tuning
 —— ——

e Ifusingan indexing mode or a positioning mode, check Position
Tuning.
o Ifusinga velocity mode, check Velocity Tuning.

Click Start.

IMPORTANT  If the drive has not been enabled before this step (new installation),
verify that you have safeguards in place to safely remove power
from the drive in case of an unstable situation where the drive can

produce undesired motion.
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8. Click Yes to accept the tuned gains.

Autotuning 192.168.1.70 C x|

1. Enable swilch should be enabled

2. Duning auto tuning motor can operate resulting in mechanical part
1 v Ar iatate e nat laiieh it
importent Message X
@ AutoTuning completed with Success "]
Do you like o accept following coefficients?
Velocity P-Gain : 8448 85
Velocity -Oain : 15648170 |
Gain Scaling : -7
Pozition P-Gain : 213.38434
Pozition Gain : 0.0 -

Ye: Ne

 —rI— ——

9. Enable the drive and use the drive mode to determine if the drive is
stable.

Some values that you can modify are described below and can be
accessed from the Dynamics dialog box.

©1[192.168.1.70] :|
Motor
General
® Communication
® Ethemet
' EtherNewIP (CIF
=10
Dignal IO
Analog 10
® Limits
Velocity Limitz
Pozition Limitz
Dynamics
Indexing
Homing
Toolz
Monitor
Faultz

Velocty P-Gain
Velocty I-Gain

Pozition P-Gain
Pozition Gain
Pozition D-Gain
Pozition Limit

Gain Scaling

Dezcription Value Units Min
3165.8632812 0.0000
184.2586975 0.0000
21922597656 0.0000
0.0000 0.0000
359.1798706 0.0000
0.0000 RPM 0.0000
-10 -16

Enable Velocity Integrator In Pozsition Mode

Autotuning

Set Default Gainz

Feedback Filter
Feedback Filter
Filter 1

Type
Filter 2

Type

Time Constant 2.0000 ms 1.0000

¢ Gain values are loaded by default and are based on the motor
nameplate and drive size. These values can change after an autotune is
performed.

o Gain Scaling - every integer increase (this value is negative) doubles
the system bandwidth. Every integer decrease halves the system

bandwidth.

¢ Enable Velocity Integrator in Position Mode checkbox - this enables
the K; gain when checked. Experience suggests not enabling this in a
positioning type application. However, if tracking during an index is
required, then enabling K ; lets the servo drive track better during
commanded motion.
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How It Works

It is important to note that the autotune function is not the same as the bump
test in the Studio 5000 Logix Designer” application.

The Kinetix 300 drive autotune sequence works as follows:

Several bi-polar steps are sent out and the response is measured.
— Current steps are used in velocity mode.

— Velocity steps are used in position mode.

The PID gains are calculated based on the response.

If you chose both velocity and position response, the shape and number
of steps are quite different as it is possible both loops are not tuned.

Figure 65 - Scope Trace of Step Pulses During Autotune

Bscove 19200170 ioix

Channel 1

Signal : Velocity Command v
User Units / Div
User Units

Scale: 2
Offset: {0.000
Channel 2
Signal : Velocity Feedback -
User Units / Div
User Units

Scale: |2

Offset: [0.000
Time Base : |50 ms/ Div =

Trigger: Ch1 Rising Edge -
Trigger Level : 0.00 User Units

Stop

Waiting for trigger
Seton Top

Manual Tune After autotune completes successfully, the servo drive has relatively good
performance. If you require better performance, follow these steps to manually
tune the Kinetix 300 drive.

1.

If possible, generate a bidirectional index command to the drive to test
out the gains.

You can make manual adjustments to the gain values from the Dynamics

tab.

The index can be unidirectional if the load cannot have bidirectional
movement.

For steps 3 and 4, disable the drive before making any changes.

Gain changes with the drive enabled can cause the motor to go unstable.
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3. Change the Gain Scaling value.

Using this value is similar to changing the system bandwidth described
in previous sections with EtherNet/IP drives. The Gain Scaling is an
integer and is set knowing these factors:

o Every integer increase (the Gain Scaling value is negative) effectively
doubles the system bandwidth.

e Every integer decrease halves the system bandwidth.

4. If the drive is in position mode, use the Velocity Integrator or Position
Integrator to improve tracking error.

Start with a small amount and increase it while monitoring the velocity
fo1.r overshoot and stability. A good starting point is 2% of the K, or K,
gains.

5. Increase the index speed, acceleration, and deceleration to meet the
application requirements.

If you have significant overshoot or instability, repeat step 3. The
response shown in the figure below is acceptable for our application.

#scope 192.168.1.70 =10 |

Channel 1
Signal : Velocity Command -
Scale: 10 User Unitz / Div

Offzet: 0.000

LILINE

Uszer Units

Channel 2
Signal : Velocity Feedback -
Scale: 10 : Uszer Units / Div

a

-

Offzet: 0.000 Uszer Units
Time Baze : 200 ms/ Div -

Trigger; Ch1 Falling Edge -
Trigger Level: (5.0 User Units

Stop

‘Waiting for trigger..

Seton Top

At this point, there should be good response with an unloaded motor
executing the required profile for the application.

6. Disable the drive and attach the load.
7. Enable the drive.

8. Slowly increase the dynamics of the index while you observe how the
load responds.

If the load is fairly rigid and tightly coupled to the motor, the drive will
still respond well. If the load is not responding well, perform an autotune
with the load attached.

Any compliance in the load yields gain values that can be incorrect and
misleading.
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9. Dependingon the drive mode, you can also continue at this point with
the steps defined in Manual Tuning on page 65 for inside-out velocity

and position loop tuning.

Also see Compensating for High Frequency Resonances on page 73.

Manual Tune Example

This example describes changing the Gain Scaling and observing the results.

e Autotuning without a load results in a stable index. The Gain Scaling is
-7 and there is tracking error present during the index. This tracking
error is shown below.

(Miscope 192168070 =101 ]

Channel 1

Signal : Velocity Command -
Scale: 4 User Units f Div
Offset: 0.000 User Unitz

Ar dr

Channel 2
Signal : Velocity Feedback -
Secale: 4 Uzer Unitz | Div

Offzet: 0,000

4r dr

Uszer Units
Time Baze : 200 mz/ Div -

Trigger Ch1 Falling Edge -
Trigger Level: 5.0 User Units

Stop

Triggered
Seton Top

¢ Thedrive is disabled and the Gain Scaling is changed to -6. The changed

tracking error is shown in the scope trace below.

@ scope 192.168.1.70 N o | |3ng

Channel 1 l
Signal : Velocity Command -
Scale: 4 % Uzer Unitz | Div ‘
Offzet: 0.000 =1 Uszer Units

Channel 2

Signal : Velocity Feedback -
Uszer Unitz / Div

Scale: 4

Offzet: [0.000

4r 4 ¢

Uszer Unitz
Time Baze : | 200 mz / Div b

Trigger Ch1 Falling Edge hat
Trigger Level: 5.0 Uzer Unitz

Stop

Waiting for trigger

Seton Top
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¢ The Gain Scaling is changed to -5 and the motor becomes unstable.

¢ To improve the tracking error, Enable Velocity Integrator in Position
Mode is checked and shown below.

/| Enable Velocity Integrator In Pocsition Mode

e The tracking error is minimal and the move profile is being followed as
closely as possible. The tracking error is shown below.

. =101
Channel 1
Signal : Velooty Command -
Scale: 4 % User Units  Div
Offset: 0000 + User Undts
Channel 2
Signal - Velooty Feedbach -
Scale: 4 o UserUndts / Dwv
Ofizet: 0000 o Uzer Und:
Time Baze : 200 mz/ Div -
Trgger Ch1 Falling Edge -
TrnggerLevel: 50 Uzer Undsz
Stop
Filters The filters described below are not modified during autotune.

e The two filters can be used together with Filter 1 in series with Filter 2.
e The filters can be the same filter type with different values.

¢ See Compensating for High Frequency Resonances on page 73 to help

determine the resonant frequency of the load.

Figure 66 - Accessing Filters from MotionView Software

Type Off
Filter 2
Type Off ]

Off
Off
Low Pazs

Rezonator
Notch

Apply Cancel
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Feedback Filter and Low Pass Filter
Figure 67 - Filter Locations within the Control Loops
Encoder K 1
Feedback g z
Position D Gain Difference
-+ ~
-l > L > +|—>
Target Position Position Error ' z-1 f >+ / Velocity Command
* Position | Gain Position Saturation
\ Integrator

Target Velocity

92

-
-

=

v

Position P Gain

o+ Velocity Error I >

o>

=/

Yy

Filter2

Filter 1

Y

Sv=2 (114 GainScaling)

LPF [

Feedback
Low-pass Filter

Velocity | Gain Velocity
. } Integrator
Velocity P Gain
Velocity Feedback

EX

Saturation by
Scaled Current Limit

Current Command

o The Low-pass filters (Filter 1/Filter 2) can be used alone or together to
accommodate different application resonance issues.

Figure 68 - Low-pass Filter Selection

Filter 1 192.166.1.70

Type
Cut-off Frequency

Apply

Low Pass

800.0000

-

Hz

Cancel

e The Low-pass filter is a second order bi-quad filter that is used to filter
resonant frequencies greater than the control loop bandwidth.

e The Feedback Low-pass filter (LPF) is a first order filter that is used to
reject high frequencies coming from noisy feedback sources.
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Resonator and Notch Filter

Filter 1 and/or Filter 2 can be configured as a notch or resonant type filter.
Both configurations implement band-stop filtering to solve certain mechanical
compliance problems.

The resonator filter has a slightly different transfer function than the notch and
guarantees the depth of attenuation. Therefore, the roll off will be different
depending on the gain factor.

The notch filter has a fixed roll off, and the attenuation gain depends on the
attenuation bandwidth (width of the notch).

A common problem is torsional resonance due to mechanical compliance
between load inertia and motor inertia. Consider a long load shaft with an
inert load at the opposite end. Such a system has a resonant frequency defined

by the equation in Figure 69.

Figure 69 - Equation to Determine Resonant Frequency

1 Ks
Fr = F E [HZ]

where: JI =load inertia [kgmA\2]
Jm = motor inertia [kgmA 2]
Ks = total stiffness of coupling and shaft [Nm/rad]
Jp =0UmxJl)/(Um-+JI)
n =3.1416

Applying the resonant frequency in this configuration will cancel the
resonance, effectively allowing higher overall gain.

The resonant filter lets the center frequency and gain to be set independently.
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Notes:
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Appendix A

Create Move Profiles for Tuning

This appendix shows examples of creating move profiles in the Studio 5000
Logix Designer” application to observe the behavior of an axis while tuning by
using motion direct commands, or JOG, MAM, or MATC instructions. See
the Logix5000™ Controllers Motion Instruction Reference Manual,
publication MOTION-RMO002, for more information on these instructions.
Depending on the application, the move profile can be unidirectional or

bidirectional.
Topic Page
Example 1 95
Example 2 97
Example 3 98
Example 1 An example CAM table is shown that rotates the motor shaft back and forth 1

revolution in 4 seconds.

Figure 70 - CAM Example, Part 1

Sharee PO

[] [Master |stave [Type |-
o oD [T Cbic
" [ ]6055._ 6385 e
> 72 (06666, 075 ke
[0 10 L
4 |20 10 o
[ 4o BHECNDET
6 28885025 G
il L 60 Linear
Lo _?40 o0 L
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Create Move Profiles for Tuning

96

This produces a velocity trapezoid profile with high jerk at the trapezoid
corners. If the machine mechanics are not robust enough to handle momentary
high jerk transients, a CAM table is shown that produces smoother motion.

Figure 71 - CAM Example, Part 2

Tave Poskon

Magtet

Master | Slave

| ryme

00
10
20
1]
40

I '|.Iu|u|‘Ia

00
10
|10
|00
JCL]

Cubic
|Linear

|Linear
Lineae

The CAM table above is used in an MATC instruction that executes physical
motion of the motor.

Figure 72 - CAM Example, MATC Instruction

Tune_Vel_Loop

JE
J L

MATC

Motion Axis Time Cam
Axis Axist (L)
Motion Control MATC[O)
Direction 0
Cam Profile TimeCamProfile{0] ()
Distance Scaling Distance
00+
Time Scaling Time:
00«
Execution Mode Once
Execution Schedule Immediiate
Lock Postion 1]
Lock Direction None
Instruction Mode Time Driven Mode

HEN—
(N>
Hery—
0P >—
HPCY—

Use scaling in the CAM editor to assure the CAM produces motion
approaching, but not beyond, the dynamic travel limits of the machine:

o Use Distance Scaling to increase or decrease the travel distance from 1

revolution.

e Use Time Scaling to increase or decrease the period from 4 seconds.

e Set Execution Mode to ‘Once’ or ‘Continuously’ depending on the

number of times you want to safely execute the move.
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Example 2 An example CAM table is shown that produces a velocity step command for
tuning the velocity loop. This is the most aggressive motion profile you can
create. As a result, we recommend that you use this one only if you are
experienced in manual tuning, and the machine mechanics are robust enough

to handle the high jerk.

Figure 73 - CAM Example, Velocity Loop

¥ rv e g[8 5 @aaq
- -
e Velccly 1] [master [siave [Type |-
1 | 0 Jo0 090 Lirvear
1|10 (10 |[Uinear
[ 220 00 |Linear

Use Distance Scaling to change the velocity step magnitude. Use Time Scaling
to change the time period.
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Example 3

98

inp_StariMove
E

This is an example to perform a MAM instruction that rotates the motor shaft
back and forth. If your application cannot perform a bidirectional move, then

sequence a unidirectional move. An example for a bidirectional move is shown

below.

Figure 74 - Bidirectional Move

inp_Restarilove

T MAM-
Moton Axis Move

Inp_StartMove

Inp_ReverseDrect

1E
€

Wrk_bits.0  Inp_Rest

L[:‘.SH-.

artMove

Ao Aol
Meten Control ugo]
Move Type 1

Postion  Cfg_MovePos
S0+
Speed Cfy_MoveSpd

Speed Unks. Units per sec

E—_ Move ] E

Source Cfg_MovePos
E0w

Dest  Cfg_MovePos2
ELL

np_ReverseDrecton UL
i { Mutiply
Source & Clg_MovePos
504
Source B -1

Dest  Cfp_MovePos2
S0e

| Preset
| Accum

. ¥
e Trv_Timers{1]

500 +

Postion  Cfg_MovePos2
S0+

Speed Clg_MoveSpd
00

Speed Units Unis per sec

Trer_Timers{1} DN

~(ER)—
HP—

HPC—

inp_Restartllove

- cony—

5004

atc
=l =

You can also produce a velocity step with a MAM instruction by enteringa very
high Accel Rate and Decel Rate. However, be aware of the following things:

o Logix Designer application, version 19.00 and earlier - The default
values for Speed Units, Accel Units, and Decel Units = [seconds],
meaning that an Accel Rate = 0 seconds is a very high acceleration and

produces a velocity step.

¢ Logix Designer application, version 20.00 and later - The default value
for Speed Units = [units/second] and the default values for Accel Units
and Decel Units = [units/second?], meaning that an Accel Rate =
1,000,000 units/second? is a very high acceleration and produces a

velocity step.
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RSTrendX Properties

Create Trends for Tuning

This appendix shows how to configure different Trends in the Studio 5000
Logix Designer” application to observe the behavior of an axis while tuning.

Topic Page
RSTrendX Properties 99
Value Bar Information 105

The RSTrendX Properties dialog box provides access to attributes you can
monitor or configure that affect the tuning of the axis.

Name Tab

The Name tab is where you can change the name of the trend itself, which is
useful when you copy and paste a trend.

Figure 75 - Name Tab
RSTrendX Properties @'

Name | General [ Display [ Pens [ X-Axis l Y-Axis l Template [ Sampling I Start Trigger | Stop Triggevr.

Name: Tuning_Trend

Description:

General Tab

An important part of the General tab is that the trend is typically set against
time, like an oscilloscope. You can have an X-Y plot that is useful when dealing
with coordinated systems, like robots.

Figure 76 - General Tab

RSTrendX Properties

Name General :Dispia_v ] Pens lX-Anis 1Y-Axis l Templa{el Sarnplingl St
V| Display chart title

‘ Tuning_Trend

/| Display progress bar while loading historical data
Chait style

@ Standard
XY Plot
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Display Tab

Displaying milliseconds is useful when using the value bar of the trend. The
other settings are defaults.

Figure 77 - Display Tab

[ Name | General| Disploy | Pens | s | YoAwis | Template | Sampi

Chat display options

Time format

(Use systemtime setting | | [¥) Display miliseconds

Chart radix |V] Display value bar

[Decimal v| Il Backgiound color
Pens Tab

The Pens tab is the most important tab in the RSTrend X Properties dialog box.
You need to select the correct pens to use in your trend.

Click Add/Configure Tags to add and remove pens.

Sercos Drives

Typical pens used in tuning a Sercos drive are shown in Figure 78.

Figure 78 - Pens Tab

| Name | General | Display | Pens |3Avis | Y-Asis | Template | Samping | Start Tigger | £

Pen Attributes

Tag\Expr. Width | Type
1 |AwisActualPosition Analog
2 |AwsActual/eloci 1 1 Analog
3 |Axis0.Commandyelocity Analog
4 |Axiz0 PositionEmor Analog
5 |Axis0.TorqueFeedback Analog

| £ |Axis0 VelocityEmot w |

Some of these values show zero if they are not set as real-time attributes. Select

the parameters as shown in Figure 79.
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Figure 79 - Axis Properties

%A\ds P}t;perﬁes - Axisl = E

Homing | Hookup | Tune* | Dynamics | Gains | Output | Limits | Offset | FaulActions |
Geneial | MotionPlanner | Units | Diive/Motor | Motor Feedback | AuxFeedback | Conv

Amplifier Catalog Number: { 2093-AC05-MP1 v]

Motor Catalog Number: ~ TL-A110P-Hxx2 Change Catalog...
Loop Configuration: lPositim Servo ,]

Drive Resolution: 200000 Diive Counts / | Motor Rev '] [ Calculate... ]

[7] Drive Enable Input Checking

Drive Enable Input Fault

Real Time Axis Information

Attribute 1: {Position Error ']

Altribute 2: [Torque Feedback v]

Notice that you can use only two real-time attributes at one time with a Sercos
drive. This means that if you want to monitor Velocity Error at the same time
as Position Error and Torque Feedback, you need to run two trends
simultaneously and modify the real-time values on the fly as you require them.

EtherNet/IP Drives

Typical pens used in tuning an EtherNet/IP drive are shown in Figure 80.

Figure 80 - Pens Tab

| Name | General | Display| Pens | X-Axis | Y-Auis | Template | Samping | Start Tris
Pen Attributes

Tag\Expr Visible Width
Axis] ActualPosition
Auis] ActualVeloci
Axis]. CommandV/
Aziz1.PositionE mor
Az VelocityE mor
Auis]. CunentFeedback

Type
Analog
Anslog [
Analog
Anziog

L] (5] B [ 18] B

Some of these values show zero if they are not set to be read each cycle. Select
the Drive Parameters tab in the Axis Properties dialog box and check the
parameters that you created pens for. You may need to scroll down to access all
the values required.

Figure 81 - Drive Properties to Control Mapping

=] otinn Groups bhds Properties - Axis1 - 7 ‘—‘:—\'
(=™ il
: Categories:
a- e [ Genesal Drive Parameters to Controller Mapping
-ZB Axish2 iy MDWM del Parameters to be read each cycle: Parameters to be written each cycle:
[ Add-On Instructions L an edb 5
£ Data Types ! --Scaﬁngee o | [wame Value - Name Value -
O User-Defined L. Hookup Tests | | [PostionTrim 00
-G, Strings " Polaity ][ veloctyTrim 00
[, £dd-On-Defined - Autotune TorgueTim - 00
-0, Predefined L 5 Load || VeloctyFeedforwardGain_ 1000
0L, Module-Defined 1 - —Backlash = bt
él'zlinds i Compliance i Tﬂm 5 1591
&) Tuning_Trend g Friction VeelocityLoopBandwvidth 77-37:7g
e - Position Loop - -
&3 YO Configuration |- Velocity Loop | VeloctylrtegratorBandwidth 00
-8 1756 Backplane, 1756-A10 i Acceleration Loop 3 L TorqueLimitPositive 311.83295
$9 (0] 1756-L73 CIP_Motion - Torque/Curent Loop | ||| YeloctyLoopoutput | L Torpel iegatva ; sl
- 8 (6] 1756-EN2T ETH2T Module - Planner [ [AccokerationFineCommfind 0] ] e s L __o
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Useful Pens Tab Tips

Here are some useful tips about the Pens tab:

¢ You can turn the pen on/off by clicking ‘On’ in the visible tab, which is
useful when the trend window is too busy with several pens.

| [ Mame [ General [ Display| Pens | x-xis [ Y-Asis | Template | Sam
Pen Altibutes

e Ifyou are trending a digital signal, that is, a start cycle, stop, e-stop
button, and so forth, you can remove the rise and fall slope due to the
sampling of the trend and change the Type from Analog to Digital.

[ Name | General | Display| Pens | s | Yeuis | Template | Sampling | Start Trigger | Stop
Pen Altibutes

T20\Expr. Visble | Width
Axis] ActualPosition
Az Actualelocity
Awis1.CommandVelocity
Axis1.PositionE rror
Awiz] VelocityEnor
Auis1.CurrentFeedback

Yy Y Y -y pry

o |on |l fro]—

e Setting the Min and Max values can be very convenient if the Automatic
Mode is not suiting the way the trend visually appears. In this case, you
set the Min and Max value of the pen, for example Position Error and
Velocity Error, where you want these to be relatively small. Make sure to
balance the value out across the X-Axis by setting both Min and Max
values the same.

| Name | General [ Display | Pens | Avis [ Y-Asis | Template | Samping | Start Trigger | Stop Trigger|
Pen Attibutes

| TaghExpt. | Type Style Matket Min Max Eng U
1_[Avisl ActualPosition __ Analog |- None |0.000000 100.000000
2_|Axis Actuslelocity _ Analog None  |-40.000000  |40.00000C

| 3_|Axis1.Commandvelocity _Analog None  |-40.000000 | 40000000
4_|Asis1 PositionE Analog None  |0.050000  |0.050000

‘ 5 |Awis1 VeloctyError Analog None _ |-3.000000 _|3.000000

| 6 _|Axis] CurreniF eedback None _|-200.000000 ||200.000000

| [& el .
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Appendix B

X-Axis Tab

In the X-Axis tab, the only pertinent information for tuning is the scale of time
for the axis. Change this to where you can comfortably see one or more cycles
of the movements. You can always zoom in by clicking and highlighting the

area.

Figure 82 - X-Axis Tab

[N Gl ity [P | X (12
Chait time range
Start date
41923 @~
Start bime:
2:25:01 PM ?
Time span
10 * |Second(s) ~
Display oplions
|/ Display scale
| Display date on scale
[¥] Display grid ines
4 = Major giid lines
0 = Minor grid lines
B Gidcolor
Y-Axis Tab

The Y-Axis tab has some important settings that can be useful in different

situations.

Figure 83 - Y-Axis Tab

Minimum / maximum value options
Automatic [best fit based on actual data]
9 Preset  [use min/max setting from Pens tab)
Custom
i Minimum value
@) Actual minimum value 0
\
| :
Maximum value
'I @) Actual maximum value 100
| ] Isolated graphing 0 . Xisolation
[V] Display scale 4 - Decimal places
|| Display grid ines 4 - Maior grid lines
I Giid color 0 Minor grid ines
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All pens on same scale
@ Each pen on independent scale
Scale using pen

[ Scale a5 percentage
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¢ Value options - clicking Automatic is the simplest, however, when tuning
specific values, it can be more useful to click Preset with the Min and
Max values you have previously set.

e Isolated graphing - checking this box displays all the pens in a time chart
format. This is useful when plotting digital signals against motion. Also,
when used with the Automatic value option, it can provide a window
spanning the minimum and maximum values of the pen across the trend
window, which is useful when manual tuning to reduce error. An
example is shown below.

[ Tuning_Trend  Saturday, Aprl 20, 2013 |  @1z03858AM
225:01.225 PM - I

Enm 1 Actualvelocty 101435

-Amsl".ﬁbsmbnérm

Aoxist \Mo-c;tyérra

e Display scale - checking this box is important when you are fine tuning.
You can choose how many decimal places to use for values like Velocity
Error and Position Error pens, shown above. In this example, 4 decimals
are selected, and the real value is shown on the trend to 4 decimal places.

Sampling Tab

The Sampling tab is used to set the sample rate of the pens. With tuning, you
want the sampling rate set as high as possible without affecting the processor
speed. Because the trend runs as a service in the Logix Designer application,
you need to consider other online trends and processor utilization. A sample
period set the same as the Coarse Update Rate of the Motion Group is
recommended.

Figure 84 - Sampling Tab

| Name | General DLspIa_u| Pens Ix-Axis | Y-Axis | Template  Sampling | St=

Sample Period: 1 = _'L'I_ilisecornﬂ-[si v

Number of Captures:
Size of Each Capture
@ Samples: 120000

Time Period:
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Value Bar Information

[l Conmanaveiocty | 157768
: : et !

-Am':{ PostionError | 0.05
=Axx5‘| MeloctyError | 26 2943'5

=Ax'rs1 CurrertFeedb

The value bar is important because it shows instant values of each pen at the
same point in time. It also provides a time stamp that can be correlated to other
trends if they are running simultaneously.

Figure 85 - Value Bar

| I:]j-ixuﬂ Actualvelocty ['l's'ﬁéé'

139782 12.03.070 AM .

[l < Commandvelocty | 15,7765 it
-13.49782

-Ax|s1 PosttionError | 0.0526]
| -o.048s]

=AKIS| MelocityError | 262943
-23.2970

- Axis! CurrertFeedback | 52.5886
-46.5940

Another useful way to use the value bar is in Delta mode where you can
measure the width and magnitude differences of values in terms of time. To do
this, right-click inside the trend window and choose Delta from the Active
Value Bar.

Figure 86 - Value Bar (Delta mode)

Efnm Acluavelocty 157788) Tuning_Trend  Saturday, April 20, 2013

l139782| §1203.003 AM

[-139782

B

[-232870]

Scroll

I Active Value Bar I »

v ShowValue Bar Delta
Undo Zoom/Pan
Print Trend

After choosing Delta, the value bar locks on the starting point and when you

click the second location, the delta value appears as time and the pen values are

displayed (143 ms) as shown in Figure 87.
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Figure 87 - Value Bar (Delta value)

Lz 751 Al velonty 15.7766 Tuning_Trend  Saturckay, April 20, 207

(138782 9:12:03.003 Aw A 00:00:00.143

Axis1 Commandvelocity | 15.7766
-13.8782

Axis1 PositionError 0.0526
-0.0486

A xis WeloctyError 26.2943
-23.2970

Axis! CurrertFeedback | 52,5586
-46.5340

To clear the value bar and return to normal, right-click inside the trend window
and choose Delta from the Active Value Bar. Then check value bar again.
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Appendix C

Set Sercos Gains with IDN Write Messages

This appendix describes how to set Sercos gains with write messages.

Topic Page
Set Load Observer Configuration Attribute 107
Set Load Observer Gains 108

Write the load-observer configuration attribute and load observer gains each
time the drive gets initialized after applying power.

Set Load Observer Use the Studio 5000 Logix Designer” application to perform the Sercos IDN
Configuration Attribute

read and write instructions.

1. After initializing the drive, read the INT value of the load observer
configuration with Sercos IDN P:0:431.

Message Configuration - IDMN_Read E‘.’-j

Configuration | Communication| Tag |

Messsge Type:  |SERCOS IDN Read ~l
?ewice iDaIa j Destination: | Dive_Read_Data LI
ype:
L:lerﬂtenm P w|=- [g :JI [? = New Tag
Element: | 7-Opesation Value =
DalaType:  |INT -
| @ Enshle  © Ensblewaling  © Stat 2 Done Done Length: 0
2 Enmor Code: Extended Enor Code: ™ Timed Out ¢
Error Path
Error Text
0K | Cencel | |  Heo |

2. Ifthe read value is correct, skip to Set Load Observer Gains on page 108.
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If you want to change the read value, do the following.

a. Latch the value.
b. Write the new value to the drive with Sercos IDN P:0:431.

Use INT again for the data type.

H.essago Conﬂgur;ﬁn - IDN_Write _
Configuration l Commurication| Tag |
Message Type: |SERCOS IDN Wiite ]
?mm: [Data ~]  Sowce [Drve Wite Data +|
icat . . Soun 2
hiem P =-p =H-[7 = ce i =] (Bytes)
Element |7.0pesation Value =l M]
DataType:  [INT -
J Enable O Enable Waling O Staet 2 Daone Done Length: 0
O Enor Code: Estended Enor Code: [~ Timed Out +
Error Path:
Emor Test:
[ ok ] camce | 7 | Hep |

c. Read the INT value of the load observer configuration with Sercos
IDN P:0:431 to verify the change.

Trigger_\Wite ONS 1 MSG
0 JE [ons ] o HCEN
Message Control IDN_Read | .. | HDN>—
HCERY—
IDN_Read DN Drive_Read_Data.0 MOV Drive_Wite_Data.0
JE cds Move <AL
Source Drive_Read_Data
0+
Dest Drive_Write_Data
0«
Drive_\Write_Data.0 ONS.2 MSG
ONS }—— Message Heen>—
Message Control IDN_VWrite |l (DN
HCER >
IDN_Wirite DN ONS.3 b
JF fons ] M ceny—
Message Control IDN_Verify | .. | HDN—
ER>—
Drive_Read_Data.0 Drive_Configured
i as
1E
(End)
Set Load Observer Gains Follow a similar procedure to the one previously described to set each of the

load observer gains, as needed, with write and read messages.

108 Rockwell Automation Publication MOTION-ATOO5C-EN-P - May 2016



Appendix D

Overview

Vertical Axis Tuning

This appendix describes how to set Sercos gains with write messages.

Topic Page
Overview 109
Considerations 10
Tuning Methods m

Vertical axes present a constant force of gravity on the load. This typically
presents problems with the load dropping while enabling or disabling the axis.
Special consideration is required when tuning an axis to overcome these run
time problems. Regardless of whether a load observer is enabled, we
recommend applying one of the following methods.

Torque Offset Method

Apply a constant torque offset to overcome the effect of gravity on a fixed
inertia.

e This is the most common method.

e Create application code that calculates and applies a changing torque
offset to overcome the effect of gravity on changing inertia.

o The proper amount of torque offset acts as an electronic counterbalance,
letting the control loops to focus solely on positioning.

Integrator Gain Method

Apply a small amount of position integral gain. Apply a small amount of load-
observer integral gain if load observer is enabled.

e This method can be less effective than the torque offset method because
the integrator often allows a small period of time to accumulate from the
initial conditions until it can overcome the effect of gravity on the load.
In this small period of time, the load can drop.

e This method can be more effective than the torque offset method
regarding ease-of-use in overcoming the effect of gravity on changing
inertia.
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Vertical Axis Tuning

Considerations

110

The torque proving feature in some Kinetix® drives can minimize the effect of
load drops and, consequently, reduce the need for either of these methods.
Kinetix drives can use the autotune function to tune a vertical axis with a

holding brake.

Controlling a brake is not difficult if you use the tools provided. Here are some

factors to consider:

The holding brake is not a stopping brake. If the application attempts
to stop the load with the brake, the brake will not engage. However, if
the zero speed detection occurs with significant torque at the brake, the
brake can be damaged over time. You can use a mechanical stopping
and/or regenerative means on your axis outside of the holding brake if
you need stopping power. This can be modeled by using Motion
Analyzer software.

Brake drops on an E-Stop. This is not necessarily tuning related. The
brake uses a spline mechanism to engage and disengage. Use of the
physical holding brake requires time to engage this spline. In the

Studio 5000 Logix Designer” application, it can mean that brake engage
and brake release times are required or at least need to be investigated.
Below is an example of a few motor brake engage times and where these
are located in the Logix Designer application for an EtherNet/IP drive.

MP-Serles Low Inertia Motor Brake Spedfications

—
Brake Response Time b
Backlash, max Holding Coil Current : : Brake Motor
Engage (using external arc | | Brake Rotor Inertia ;
Motor Cat. No. | (brake engaged) Torque at 24V DC Release n : i X Weight, approx
R Nem ibein) | A = suppression device) kg-m” (Ib-in-5) kg (o)
MOV ms Diode ms
MPL-ABISIOV 0.0000099 (0.000088) 1.2(26)
MPL-A/B1520U 0.9(3.0) 043...08 B 9 18 0.000015 (0.00013) 143.0)
MPL-A/B1530U " M j 0.000026 (0.00023) 18(3.9)
MPL-A/B210V 0.000033 (0.00029) 1.814.00
roamy Loacano Uy |Loag
Autotune LoadType Direct Coupled Ratary|
=) Load MasterDelayCompensation True
- Backlash MasterPosttionFilter False
Compliance MasterPositionF fwicith 01 |Hz
Friction i A 14024.986 | Posttion Unitsis’
Pasition Loop i A Jerk 2776944 .5 | Position Units/s’
Velocity Loop MaximumDeceleration 14024.986 | Position Untsfs’
Acceleration Loop MaximumDecelerationJerk 2776944 5 | Posttion Units/s’

Torque/Current Loop MaximumSpeed 70.833336 | Posttion Unitsis
Planner _Liiechanicaliakecontiol Audoncic,
Homing * | MechanicalBr Delay 03 |s
* L. Actions * | MechanicalBrakeReleaseDelay 2]s
Drive Parameters L T
Parameter List MotionResolution 1000000 | Motion Countsh
STats MotionScalingConfiguration Control Scaling
Faults & Alarms MotionUnit Motor Rev|
Tag MotorCataloghNumber MPF-B330P-M
|__| MotorDataSource Catalog Number|

e During tuning and commissioning, it may be necessary to control the

brake manually.

See Knowledgebase Article 68763: Kinetix 6000/6200/6500: Manually
control mechanical brake of servo motor.

In summary, you can write to IDN parameters to manually engage and

disengage the brake for both Sercos and EtherNet/IP drives.
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Tuning Methods

Use the appropriate procedure described in this section for vertical axis tuning.

Sercos Drives

1. Set all the Offset values to zero, most importantly, the Torque Offset.

General l Motion Planner | Units | Drive/Motar ] Motor Feedback |  AuxFee
Hnmmgl Hunkup] Tune [ Dynamcsl Gains l Dulput"} Limits Offset

Friction Compematioh
Friction Compensafor: |00 % 1
‘Window: 0.0 rev

B acklash Compensgtion

Reversal Offset: 0o rev
Stabikization Windg:  [0.0 rev

Velocity Offset: 0.0 tev/s
Torque/Force Offst i 0o # '

2. Verity the autotune direction is bidirectional and that Torque Offset is
checked.

B ALY FIUREIUED = MAIUL

General | MotionPlanner |  Units | Drive/Motor | Motor Feedback | AuxFeedbs
Homing | Hookup  Tune" | Dynamics | Gains | Output® | Limts | Offset | Far

Travel Limit 100 rev
Speed: IBO.G tev/s DANGER: Th
l._\ DIO'._“-edu_ehmE
T JFotce: I 4, : _mohonmt i
oque/Force:  [100.0 % Rated st

[ Direction: |Forward Bi-directional  ~| ]

Damping Factor: |l].8

Tune
I~ Position Eror Integratos [~ Velocity Error Integrator [~ Friction Compensation

[ Velocity Feedioward [~ Acceleration Feediorward ([I72_Torque Offset )

™ Output Fiter

3. Execute the autotune on the axis.
See Start Tuning on page 48 for details.

4. Set the gains that need to be included for the application, based on
Table 11 on page 47.
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EtherNet/IP Drives

1. Set the Torque Offset value to zero.

The Torque Offset is calculated during autotune.

Polarity Load Ratio: 0o Load Ineits
Motor Inertia: 0.000044 Kgm™2
il 0.000044
Complance
Friction
Observer Inertia/Mass Compensation
Position Loop System Inertia: 0.014468295 % Rated/[F
VeiockiLocp 8yam Acceleralion: £911.6646 Revis™2 @

Acceleration Loop
Torque/Current Loop

::‘::g[ Active Load Compensation
Actions Torque Offset: 0o % Rated
Diive P

2. Verify the autotune direction is bidirectional.
Perform an autotune.

4. Perform a bump test; that is, check Measure Inertia using Tune Profile.

-' "'"'"’ | Loupling:
= Load Customize Gains to Tune
Backlash Posit }
Compliance
Friction
Observer
Position Loop
Velocity Loop
Acceleration Loop

Torque/Curtent Loop
Plannas Measure Inettia using Tune Profile

Homing ) Motor with Load & Unc
Actlions

5. Use the trend to monitor the performance of the axis.

See Create Trends for Tuning on page 99 for details.

IMPORTANT  If the drive has not been enabled before this step (new installation),
verify that you have safeguards in place to safely remove power
from the drive in case of an unstable situation where the drive can
produce undesired motion.

6. Enable the drive with an MSO instruction.
7. Introduce a 1% Torque Offset while monitoring the position error.

8. Increase the Torque Offset until the position error is zero and the drive is
performing well.

9. Disable the drive with an MSF instruction.

See Manual Tuning on page 65 for details.
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Appendix E

Block Diagrams

This appendix provides block diagrams for Sercos and EtherNet/IP drives.

Topic Page
Sercos Drives 114
EtherNet/IP Drives 15
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Notes:
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acceleration feedback 24
autotuning
EtherNet/IP drives
bump test 53
gain calculation 55
qains
load coupling 56
loop response 55
Kinetix 300 drives 86
Kinetix 5500 and Kinetix 6500 drives 61
Kinetix 6000 drives 52
Kinetix 6200 drives 52
Sercos drives
bump test 45
gain calculation 46

background on motion system tuning 11
backlash compensation 83
EtherNet/IP drives 84
Sercos drives 84
bandwidth (Kop) 23, 25
block diagram
EtherNet/IP drives
position loop 115
torque/current loop 117
velocity loop 116
Sercos drives 114

C

compensation for
backlash 83
friction
sliding 82
static 81
viscous 82
high frequency resonances 73
conventions used in this manual 9
create move profiles for tuning
example 195
example 2 97
example 3 98
create trends for tuning
Trend Properties dialog box
display tab 100
general tab 99
name tab 99
pens tab 100
sampling tab 104
X-Axis tab 103
Y-Axis tab 103
value bar information 105

D

damping factor 16
display tab to create trends for tuning 100
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autotuning
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backlash compensation 84

block diagram
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velocity loop 116

lead-lag filter 80

low pass filter 79

notch filter 77
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feedback for acceleration 24
feedback gain (Kof) 24
feedforward commands 12
filter
Kinetix 300 drives
feedback 92
low pass 92
notch 93
resonator 93
lead-lag (only EtherNet/IP drives) 80
low pass
EtherNet/IP drives 79
Sercos drives 79
notch 76
EtherNet/IP drives 77
Sercos drives 77
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friction compensation 81
sliding 82
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viscous 82
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general tab to create trends for tuning 99

high frequency resonance compensation 73

IDN messages to set load observer

configuration attribute 107
gains 108
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initialize the axis (optional - manual tuning)
65

input gain (Kou) 24

integral bandwidth (Koi) 23, 25

K

Kinetix 300 drives

autotuning 86

feedback filter 92

low pass filter 92

manual tuning 88

notch filter 93

resonator filter 93

tuning 85
Kinetix 5500 and Kinetix 6500 drives

autotuning 61

out-of-box tuning 40
Kinetix 6000 drives

autotuning 52

load observer gains 23

out-of-box tuning 36

torque low-pass filter bandwidth 24
Kinetix 6200 drives

autotuning 52

load observer gains 23

out-of-box tuning 36

torque low-pass filter bandwidth 24
Kof feedback gain 24

Koi integral bandwidth 23, 25
Kop bandwidth 23, 25
Kou input gain 24

L

lead-lag filter (only CIP drives) 12
load coupling autotuning gains 56
load observer

acceleration feedback 24
bandwidth (Kop) 23, 25
benefits 20

configuration attribute set with IDN messages

107
feedback gain (Kof) 24
gains set with IDN messages 108
how it works 20
input gain (Kou) 24
integral bandwidth (Koi) 23, 25
Kinetix 5500 and Kinetix 6500 drive
configuration 25
Kinetix 6000 drive configuration 23
Kinetix 6200 drive configuration 23
modes 21

load observer with velocity estimate mode 12

loop response autotuning gains 55
low pass filter
EtherNet/IP drives 79

Kinetix 300 drives 92
Sercos drives 79
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manual tuning
initialize the axis (optional) 65
Kinetix 300 drives 88
position loop 71
velocity loop 67
motion system tuning background 11
motor torque constant 12
move profiles for tuning
example 195
example 2 97
example 3 98

name tab to create trends for tuning 99
notch filter 76

EtherNet/IP drives 77

Kinetix 300 drives 93

Sercos drives 77

0

out-of-box tuning
EtherNet/IP drives
gain calculation 39
Kinetix 5500 and Kinetix 6500 drive
recommended settings 40
Sercos drives
gain calculation 35
Kinetix 6000 drive recommended
settings 36
Kinetix 6200 drive recommended
settings 36

P

pens tab to create trends for tuning

CIP drive trending 101

Sercos drive trending 100

useful pens tab tips 102
position command 12

position loop

block diagram - EtherNet/IP drives 115
controller 12
manual tuning 71

Preface 9

resonator filter (only Kinetix 300 drives) 93

S

sampling tab to create trends for tuning 104
scale torque into the system 17
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Sercos drives

autotuning
bump test 45
gain calculation 46
backlash compensation 84
block diagram 114
low pass filter 79
notch filter 77
out-of-box tuning
gain calculation 35
Kinetix 6000 drive recommended
settings 36
Kinetix 6200 drive recommended
settings 36
servo loop bandwidth 14

set load observer
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