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Introduction

The purpose of this document is to demonstrate how properly use the Auto-Tune feature and to discuss how
the algorithm functions. This document is intended for servo system users who would like a more detailed
understanding of the Auto-Tune feature or for users with a non-Emerson servo motor.

The Auto-Tune feature of PowerTools Pro software is able to determine certain motor parameters that
define the motor’s electrical and mechanical characteristics. These parameters are typically stored in a
motor.ddf file in PowerTools directory. These parameters are crucial for optimum motor control.

The parameters that can be measured by the drive through the Auto-Tune algorithm are:
encoder reference motion

encoder marker angle

encoder resolution

commutation u angle

phase to phase resistance

phase to phase inductance

motor back emf

motor inertia
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Some motor parameters must be known before running the Auto-Tune, these parameters include:
1. motor peak current
2. encoder resolution
3. motor peak velocity
4. number of motor poles

To make the Auto-Tune work properly, the user will need to enter these parameters manually.

Auto-Tune Sub Modes
There are three sub-modes for the Auto-Tune, the sub modes determine what parameters the drive will
measure:

e Mode 1: Determine encoder reference motion, encoder marker angle, and commutation u angle. It
also verifies the encoder resolution.

e Mode 2: Determine resistance, inductance, and plus the parameters determined by Mode 1.

e Mode 3: Determine back emf, motor inertia, and plus the parameters determined by Mode 1 and
Mode 2.

Abnormal Operation

Once the Auto-Tune procedure is started, there are two situations that suspend the procedure. One is
aborted by the customer, either by clicking the “Abort” button or by disabling the drive. The other is
aborted by a fault condition.

There exist two Auto-Tune faults:

e Fault 1: The encoder motion reference and the UVW motion reference are not the same. The user
has an option of using encoder lines (A and B) or UVW lines (U and V) for commutation,
changing to the other setting may correct this problem. This setting is found on the page shown in
Figure 1, under Encoder Type

e Fault 2: The difference between the encoder lines entered by the customer and the encoder lines
detected by the Auto-Tune procedure is greater than or equal to 20. Once this fault occurs, the
customer needs to check if the encoder lines and the motor poles are correctly set.
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Measured Values

1.1 Encoder Information
To detect the encoder information, the rotor is first aligned with R-axis
(Phase R axis) as shown:

g axis

R’

R axis

d axis

R
Aligned Rotor Position

Starting from the above aligned position, the encoder and UVW
information can be extracted by slowly rotating the rotor by one
mechanical revolution.

1.2 Resistance and Inductance
By injecting current to the stator windings, the resistance and
inductance of the stator phase winding can be estimated. To minimize
the effect caused by the voltage drop in the IGBT switches, the currents
are built in two steps as shown below.

Level 2

v

Current Build-Up
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After the Level 1 current is stabilized, another voltage (higher than the
voltage to set up Level 1 current) is applied to the stator winding to
build Level 2 current. The voltage and current difference between two
current levels can be used to estimate the stator phase winding
resistance. The dynamic transition information from Level 1 current to
Level 2 current can be used to estimate the phase winding inductance.

1.3 Motor Back EMF

To estimate the motor back emf, the motor is applied certain torque so
it can run at an appropriate velocity (between 25% and 50% of the
motor peak current). From the motor voltage equation, the motor back
emf is estimated.

1.4 Motor Rotor Inertia

It is strongly recommended to remove the load if rotor inertia is to be
estimated. During the operation, a torque will be applied to the motor
so that the motor can accelerate to a proper velocity (between 25% and
75% of the motor peak velocity) in a short time (25.6 ms). The rotor
inertia is then estimated from the motor equation.
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Using the Auto-Tune Feature

The Auto-Tune procedure is slightly different if using an Epsilon EP vs. using a UniDrive SP. The
procedural description below will detail the general procedure and highlight exceptions or differences when
using the EP or SP.

1) Open PowerTools Pro software and create a new file
2)  Find the Motor Parameter screen
a. Epsilon EP
i. Expand the Setup branch on the hierarchy and click on the Motor branch.

% Emerson Control Techniques - PowerTools Pro [ EP-P Configuration [AXIS_2.EPP]]
W File Edit Device Options  Tools  View Window Help

= + -
ol=E|=| Y O R B = 2 [x?
1
= ' Axis 1 . 2 g
: Motar Type: Maltor Wizard Defined e i e
I~ Use Motor Data From ddf File w
Moar Parameters VRS DD
¥ master Units Matar Mame News Motor
HEton Peak Current 2 Ams
E Melocity
! Ramps Continuous Current Rating 143 A s
¥ Tarcue Motor Poles 4 poles -
E Tuning
7 Shunt Fiotor Inetia 0.00009 Biteses™2 | apok o Config Ipinesec™2
F Faults MotorkE 283 Vims/krpm Vims/krpm
o PLS
B ot WM Phase Resistance [20.80 ohme ohme
E Capture Phase Inductance 27.1 H H
Queues
5000
5 User varizbles Man Operating Speed om
ZZ User Bits Encoder Lines/Rev 2048
10 Sety
= @ 1/0 Senp Encoder Lines/Rev Exponent | |0
= % pation
= [ Programs Encoder Marker Angle 30 degrees degrees
= :A:Di'am” Encoder U-rack Angle El degress degress
+ etwor
Encoder Reference Motion Wl 2
Encoder Type Using Marker v

b. UniDrive SP
i. Expand the Hardware branch on the hierarchy and click on the
Drive/Encoder branch.
ii. Then click on the Motor tab to display the motor data parameters

S5 Emerson Control Techniques - PowerTools Pro . [SM-EZMotion
M File Edit Device Options Took ‘ew Window Help

[AXIS_1.EZM]]

D|e|e| S| 5 2a[alt] Xs| ilil | Alo| BIF] alelolé] Gmim| [0 2N
i Canfiguration
= @ mds 1 Drive Type  |sP120 = | Drvemode |Servo hd
B swes

Mator Type: Motor Wizard Defined

¥ Themistor Mode Enable

Drive Encode
™ Use Motor Dat3 rrem .ddf File

ata Slot 2 - empty
i Slot 3 - empty
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Max Operating Spesd [0 pm
Thermal Tims Constarnt | [32.0 seconds
et Flrermdngls [1800° deguees s



3)

4)

Uncheck the Use Motor Data From .ddf File check box to un-grey the motor data
parameters.

Enter the known motor data into the un-greyed Motor Parameters column on the left. All
parameters that don’t have corresponding value in the Values from Drive column on the
right should be entered by the user. Note that only the parameters that have corresponding
values in the column on the right (i.e. Phase Resistance SP) are measured by the AutoTune.
Notice that the measured Auto-Tune parameters will differ from different drive types and
also when using Closed Loop Vector vs. Servo motor within the Unidrive SP

a. EP
M otor Parameters Values from Dirive
tdatar M ame T e b otor
Peak Cument 423 A s
Continuous Current R ating 1.43 B g
tator Poles 4 poles -
Rator [mertia 0.00003 Ibir-sec™2 &pply to Confia, Ibvir-sec™2
batarkE 283 Wi krpm Wrmekrpm
Phase Resistance 20.80 ohms ohms
Phase Inductance 271 rriH rH

b aw Operating Speed 5000 rpm
Encoder Linez/Rew 2048
Encoder Lines/Rev Exponent 0

Encoder Marker Angle 330 degrees degrees
Encoder U-track Angle ’307 degrees degrees
Encoder Reference Maotion ’EW—;|
Encoder Type ’W

b. SP with Servo Motor
[ Use Motor Data From .ddf File

Motor Parameters ¥alues from Drive
tdatar Mame Mew Mator
Peak Curent 4.88 & rmg
Continuous Current Rating | [1.62 A s

Motor Poles IB—

Rotor Inertia W kg-m”2 Apply ta Config
MotorkE 350 Yms/krpm

Phase Resistance SP |555U— ohris ohrnz
Phase Inductance SP IW mH mH
M ax Operating Speed IW pm
Thermnal Tirme Constant Im— zeconds
Encoder Phase Angle Im— deqrees degrees
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c. SP with Vector Motor
[ Use Matar Data Fram .ddf File
Mutar Parameters Walues from Drive
totor Mame Te b atar
Peak Current &.60 2 1ng
Full Load Rated Current ’4307 & s
Fated Valtage 230 WAL
tatar Poles ’47 Apply to Config
Rator Inertia 0.002670 kgm”2 |
Fated Frequency £0.0 Hz
Phaze Resistance 5P ’0937"'7 ohmsz ohimz
Transient [nductance ’W mH mH
tdax Operating Speed ’W pm
Full Load Rated Speed ’W TP
Thermal Time Constant ’40007 seconds
Rated power Factor 0713
Stator Inductance ’W mH mH
otor Kt ’1847 MmAdmp s Mmddmp rms
Saturation Breakpoint 1 ’527 % of Fated % of Rated
S aturation Break point 2 ’Wi % of Rated % of Rated

5)  Enter 0 for the unknown parameters in the column on the left (only if there is an associated
parameter in the column on the right).

6) Download the PowerTools file to the Drive (This also takes you online with the drive)
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7)  Click the "Run Auto-Tune" button. This will cause the Auto-Tune dialog box to appear

a. EP (3 Sub Modes)

Auto Tune ﬂ

WARMIMNG - Thiz AutoT une will cause motion. Be sure all tooling and
personnel are clear of machinery. Fead and understand the

WARNI N G description of the selected AutaTune before proceeding. Failure to do
z0 may result in damage to machinery or personal injury.

“r'our drive enable circuitry must be functional to perform the drive Auto Tune.

Do MOT rely zolely on the software to stop the AutoT une procedure or motion caused by it. The drive enable or main
supply shutoff should be used for this purpose.
—AutoTune Step:

1] To n the AutoTune, Select the desired AutaTune Mode, and click Proceed.
2] Activate the drive enable input to start the AutaTune.

—A;io;une .lltdodeje‘ljec:mn ™ Phase 1 Encader Marker &ngle, U &ngle, Motion Resolution —IP[DCEEd
i Vi bimet [ Phase 2 Voltage for Phase 3 Aot |
' Auta Tune Mods 2 [T Phase 3 Resistance and Inducatance

7 Auto Tume Mode 3 Cancel

d

— Dezcription of Selected AutaTune Mode

A test iz performed to measure the Encoder marker angle, U track angle, Encoder mation reference, Encoder
resolution, Phase Resistance, and Phase Inductance.

— To Save AutaT une result
11 Uncheck the [Use Motor Data From .ddf File] checkbox.

2] Presz the [Apply to Config. ] button to transfer the tuning results to your configuration.

3] Save your configuration using File>Save.

4] Download your configuration that containg the tuning results using Device: Download.

511f desired oress [5 ave .ddf Yalues] button to save motor data to . ddf for use in future confiourations.

b. SP (2 Sub Modes)
ne E

SWARNIMG - This AutoTune will cause mation. Be sure all tooling and
personnel are clear of machinery. Read and understand the

WARN I N G deszcription of the selected AutaTune before proceeding. Failure to do
30 may rezult in damage to machinery or personal injury.

“Your drive enable circuityy must be functional to perform the drive Auto Tune:

Auto

Do MNOT rely solely on the software to stop the AutoTune procedure or motion caused by it. The dive enable or main supply shutoff
should be used for this purpose.

AutaTune Steps

1] To run the AutaTune, the dive enable must first be deactivated.

2] Select the desired AutaT une Mode, and click Proceed.

3] Activate the drive enable input to start the AutoTune.

4] When the AutoTune is complete, the drive enable must then be cycled to again enable the drive.

AutaTune Mode Selection Proceed

Cancel

i

Dezciiption of Selected AutoT une Mode
A, stationary Test iz performed ta measure the Phase Resistance [Stator Resistance) and the Transient Inductance of the Matar.

Then, a rotating test iz performed in which the motor iz accelerated uzing a predefined ramp rate to 243 of the motor rated
frequency, and held at this frequency for up to 36 seconds. During the rotating test, the Stator Inductance and the Motor
Saturation Breakpoints 1 and 2 are calculated. The Power factor iz also modified for user information only, but is not used after
thiz point because the Stator Inductance will have a non-zem value. “When the test is complete, the motor will coast o a stop.
The mator should be unloaded far this test to produce comect results.

To Save AutaTune results

1] Uncheck the [Use Matar Data From .ddf File] checkbox,

2] Prezs the [Apply to Config.] button to transfer the tuning rezults to your configuration

3] Save your configuration ugsing File> Save.

4] Download your configuration that containg the tuning results uzing Devices Download,

8] If desired press [Save .ddf Yalues] button to save motor data to .ddf for use in future configurations.
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8)  Select which Auto-Tune procedure you wish to perform using the AutoTune Mode
Selection radio buttons Warning: read the Auto-Tune description to understand what
motion will occur!

9) Click the Proceed button

a. EP
i. The 14 segment LED display on the front of the drive will flash “R” when
the Auto-Tune is running.
ii. The procedure takes 60-90 seconds.
iii. When complete, the LED display will stop flashing and disply a solid “R”,
any other value indicates an error condition.
b. SP

i. This will cause a new pop-up to appear that tells you to turn the enable off
and then on.

EMERSON Control Technigues - PowerTools Pro

L] You must manually cyde Drive Enable ON to activate Auto Tuning.
L3 At the end of tuning you will need ta cyde Drive Enable OFF then OM.

ii. Click the OK button to close the pop-up dialog.

iii. Now turn the drive enable OFF then back ON.

iv. Be sure to leave the enable ON until Auto-Tune is complete, or an Auto-
Tune error will occur indicated by the optional display showing “triP”

"tunk".

v. The SP’s optional LED or LCD display will show “run” and *“Auto tung”
during the Auto-Tune

10) When complete, the results from Auto-Tune will appear in the Values from Drive column

Motor Parameters Values fram Drive
b G [NewMotar Measured results
Peak Current 4.64 A g from Auto Tune.
Contiruous Current Fating 1.65 &1z l
tdatar Poles 3 poles -
Ritor Inetia D010 insee"2 | o o Contia 000010 Ibin-sec”2
tdatark E lmi Wrmnz/krpm . 124 Vmakipm
Phase Resistarce 250 ohrriz Q 305 ohms
Phase Inductance l”f rH 69 mH
tdax Operating Speed IW pm
Encoder Lines/Rey lgmgi 2048,
Encoder Lines/Rev Exponent lﬂi
Encoder Marker Angle 180 degrees 174, degees
Encoder U-track Angle 240 degrees 23, degees
Encoder Reference tMotion Iw—Ll 1.
Encoder Type Using Marker « | Auto-Tune Feature
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11)

12)

13)

14)

If performing an Auto-Tune on a motor with known parameters, verify that the values in the
Values from Drive column match the corresponding values in the Motor Parameters
column. The values should match with a tolerance of +/- 10%.

In order to apply those values to the Motor Parameters column, click the Apply to Config
button in the middle of the screen. This will copy the results from the Values from Drive
column into the Motor Parameters column.

Optional step: Saving the custom motor
a. To save the motor parameters so that motor is available in dropdown list in future
i. Enter a text name in the Motor Name box, the file will not overwrite any
“standard” motor files as these are saved in a separate file.
ii. Click Save .ddf Values on the right side of the screen.

You must download the PowerTools file to the drive in order to permanently save the new
values though a power cycle!
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