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Use of application examples
Application examples illustrate the solution of automation tasks through an interaction of several
components in the form of text, graphics and/or software modules. The application examples are
a free service by Siemens AG and/or a subsidiary of Siemens AG ("Siemens"). They are
non-binding and make no claim to completeness or functionality regarding configuration and
equipment. The application examples merely offer help with typical tasks; they do not constitute
customer-specific solutions. You yourself are responsible for the proper and safe operation of the
products in accordance with applicable regulations and must also check the function of the
respective application example and customize it for your system.
Siemens grants you the non-exclusive, non-sublicensable and non-transferable right to have the
application examples used by technically trained personnel. Any change to the application
examples is your responsibility. Sharing the application examples with third parties or copying the
application examples or excerpts thereof is permitted only in combination with your own products.
The application examples are not required to undergo the customary tests and quality inspections
of a chargeable product; they may have functional and performance defects as well as errors. It is
your responsibility to use them in such a manner that any malfunctions that may occur do not
result in property damage or injury to persons.

Disclaimer of liability
Siemens shall not assume any liability, for any legal reason whatsoever, including, without
limitation, liability for the usability, availability, completeness and freedom from defects of the
application examples as well as for related information, configuration and performance data and
any damage caused thereby. This shall not apply in cases of mandatory liability, for example
under the German Product Liability Act, or in cases of intent, gross negligence, or culpable loss of
life, bodily injury or damage to health, non-compliance with a guarantee, fraudulent
non-disclosure of a defect, or culpable breach of material contractual obligations. Claims for
damages arising from a breach of material contractual obligations shall however be limited to the
foreseeable damage typical of the type of agreement, unless liability arises from intent or gross
negligence or is based on loss of life, bodily injury or damage to health. The foregoing provisions
do not imply any change in the burden of proof to your detriment. You shall indemnify Siemens
against existing or future claims of third parties in this connection except where Siemens is
mandatorily liable.
By using the application examples, you acknowledge that Siemens cannot be held liable for any
damage beyond the liability provisions described.

Other information
Siemens reserves the right to make changes to the application examples at any time without
notice. In case of discrepancies between the suggestions in the application examples and other
Siemens publications such as catalogs, the content of the other documentation shall have
precedence.
The Siemens terms of use (https://support.industry.siemens.com) shall also apply.

Security information
Siemens provides products and solutions with Industrial Security functions that support the secure
operation of plants, systems, machines and networks.
In order to protect plants, systems, machines and networks against cyber threats, it is necessary
to implement — and continuously maintain — a holistic, state-of-the-art industrial security concept.
Siemens’ products and solutions constitute one element of such a concept.
Customers are responsible for preventing unauthorized access to their plants, systems, machines
and networks. Such systems, machines and components should only be connected to an
enterprise network or the Internet if and to the extent such a connection is necessary and only
when appropriate security measures (e.g. firewalls and/or network segmentation) are in place.
For additional information on industrial security measures that may be implemented, please visit
https://www.siemens.com/industrialsecurity.
Siemens’ products and solutions undergo continuous development to make them more secure.
Siemens strongly recommends that product updates are applied as soon as they are available
and that the latest product versions are used. Use of product versions that are no longer
supported, and failure to apply the latest updates may increase customer’s exposure to cyber
threats.
To stay informed about product updates, subscribe to the Siemens Industrial Security RSS Feed
at: https://www.siemens.com/industrialsecurity.
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1 Advices before beginning

1

Advices before beginning

AN

WARNING

Some of the functions and measurements described in this document trig-
ger an axis movement.

The user bears the responsibility and must ensure that no persons or parts
of the mechanics are harmed by carrying out the respective function /
measurement.

Before starting, it must therefore be ensured that the working area is free and
mechanical parts connected to the motor are fixed and sufficiently covered.

Comment traces

Comment all measured traces in the comment column to be able to compare and
evaluate changes later. It can be also used as a report!

Example:
Axis_1 speedCtrl_Kp=10_Tn=20_Filter_550 500 -20 0
Axis_1 posCtrl_ Kp=10_Tn=20_Filter_550_ 500 -20_0_Kv=150

Measurement scaling

Some measuring functions contain two bode plots in one measurement. The
scaling of the curves does not necessarily match! Make sure to adapt the scaling to
one of the curves before analyzing them.

This is even more important when two measurements are superimposed to
evaluate parameter changes.

Manual optimization using frequency responses

Many of the measuring functions which are described in this document can only be
used for SINAMICS S120 in STARTER/SCOUT.

For other drives or engineering systems like TIA Portal/Startdrive, other methods
are available. For details, check the respective chapters in this manual.

Third-party motors

See "SINAMICS S120/S150: Requirements placed on third-party motors"
https://support.industry.siemens.com/cs/ww/en/view/79690594
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2 Fundamentals & general information

2 Fundamentals & general information

2.1 Ideal two-mass-system

A mechanical system which is driven by a motor can be simplified by a so called
two-mass-system.

The connection between these two loads, the coupling, is described by stiffness (c)
and a damping (d).

— 7 Mot d M| oag

In the frequency domain the system has the following frequency response:

Figure 2-1 Simulated speed-controlled system frequency response
40

| N ek b - resonance frequency

locked rotor frequency
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g0

-80
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The two distinctive frequencies

e Locked-rotor-frequency (f_T) (zero)
¢ Resonance frequency (f_R) (pole)
define a load coupled to a motor.

The two frequencies are defined by the following formulas:

fr=—. < fo=—- c-( LI 1)

2m JLast 2m IMotor JLast
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2 Fundamentals & general information

With the frequency pair locked-rotor-frequency/resonance frequency the related
mass gets decoupled from the system/motor. That implies, that an excitation of the
load with frequency higher than locked-rotor-frequency is no longer possible. The

energy transmission from motor to load is disconnected.

The amplitude drops with 20db/ decade. The level of the red parallel lines
represents the inertia that exists in the system (see chapter 4.1). A lower level line

means more inertia compared to a higher-level line.

For the ideal two-mass-system, the total inertia of the system can be read to the
left of the locked rotor frequency. Right of the resonance frequency, the load inertia

has decoupled - only the motor inertia is visible.

The imaginary line through the zero point shows that at this frequency even a much
higher inertia appears to be present. The movement of the load is very energy

consuming - it eliminates the movement of the engine.

In contrary, the imaginary line through the pole implies, there seems to be little
inertia in the system. In this scenario the motor does not have to use that much

energy in order to move the load - the load pushes the motor.

Stiffness and damping are reflected in the frequency response in the expression of

the amplitude overshoot and how fast the phase tilts from 0 ° to -180 °.

Large

overshoot and fast turn off phase corresponds to a poorly damped system (see

Figure 3-1 with Figure 3-2).

The frequency at -90 ° phase is also the peak of the amplitude overshoot. This is

constant regardless of the attenuation.

In a better damped system, the amplitudes of the pole and zero are much smaller.

The phase does not tilt so fast.
In the real system, the damping corresponds to the friction.

In the time domain, the damping affects only the amplitude of an oscillation, but not
the frequency. (A certain mass with a specific stiff compound oscillates in air at the

same frequency as in oil, but with a different amplitude.)

Figure 2-2 Speed-controlled system with higher damping

40 ! R ! R ! T

160

a0 P

_________________

10 1’

Drive Optimization Guide

Entry-ID: 60593549, V2.1, 05/2019

10° 10°

Frequenz [Hz]




© Siemens AG 2019 All rights reserved

2 Fundamentals & general information

NOTE

The following "mechanics frequency response" describes the decoupling of the
load in a better way.

Figure 2-3 Simulated mechanics frequency response

Bode Diagram
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-180
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The pole frequency in this frequency response corresponds to the locked-rotor-
frequency (zero) in the speed-controlled system!

The amplitude for f <f_T equals 0dB. This corresponds to an amplification of 1.
The phase equals to 0° - no phase shift of the load in relation to the motor.

If the load gets excited with f_T, the phase starts to tilt. The load follows with
increasing phase shift up to -180°.

Furthermore, the amplification is bigger than 0dB. The load is excited more than
intended.

If the load gets excited with f > f_T, the load starts to decouple from the motor. The
energy transmission from motor to load reduces, while the phase shift is -180°.

Drive Optimization Guide
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2 Fundamentals & general information

The formulas show the demands to the mechanical system in correlation with a
motor with respect to a dynamic control loop with big bandwidth:

e The motor : load inertia ratio should be as small as possible.

However, this depends on the type of mechanical system (e.g. stiffness of the
coupling), since it can lead into a high motor price.

Table 2-1 Recommended motor : load inertia ratio

AXxis type

Motor : load inertia ratio

Winder

< 1: 600 still ok!

Rotary Knife

< 1:5recommended!

Web transportation axes (printing, coating,
laminating, etc.)

< 1:20 recommended!

e The coupling between motor and load should be stiff enough.

However, this can't be generalized. A very stiff coupling also means a hard
connection of the mechanics to the motor. Impacts on load side are transferred
to the motor/encoder with less damping effect.

Drive Optimization Guide
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2 Fundamentals & general information

2.2

Multi-mass-system

In reality, a mechanical system consists several pole and zero frequency
combinations, resulting from different parts of the mechanics, e.g. through a gear,
belt, motor encoder, etc.

To get a easier understanding of the system, it can be summarized in masses /
inertias which are connected by certain stiff connections (couplings).

Figure 2-4 Masses and stiffness distribution in a machine with linear axis and ball screw
fr. Dr

Linear scale
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Encoder

Coupling
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all screw
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2 Fundamentals & general information

Even if the assignment of the frequencies to the respective part of the mechanics
requires some experience, it may still be helpful to know them.

In particular, when specific frequencies must be damped by a current setpoint filter.
In case the filtered frequency can move its position can shift depending on the
situation, one would have to choose a filter with a larger bandwidth.

There are two ways to assign a frequency to the mechanics:

e Calculate inertia from the frequency response before and after the locked rotor
frequency. The difference is the inertia, which has decoupled. The inertia of the
mechanical parts should be known from the CAD system.

e Use the function generator to generate a sine oscillation with the frequency of
the locked rotor frequency which should be found. Now you should be able to
hear / feel which part of the mechanics is vibrating.

AN

CAUTION

Touching moving parts can cause severe injury!

Drive Optimization Guide
Entry-ID: 60593549, V2.1, 05/2019 11
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3 Measurement of the mechanical syste

m

3 Measurement

of the mechanical system

The measuring function can be used to determine the number and location of
locked rotor frequencies and resonance frequencies.

Advantage compared to measuring the closed speed control loop:

e Drive doesn't have to be optimized

e Resonance frequencies in the closed loop are usually damped by current

setpoint filters

3.1 Speed-controlled system frequency response

The frequency response of

the speed-controlled system is traced with the

"Measuring function" integrated into STARTER/SCOUT.
To open the Measuring function, press the following button (online-mode):

Figure 3-1 toolbar in SIMOTION SCOUT

Project Measuiing function Edit Paste Targetsystem Yiew Options Window Help

I ~ | |l 1l |
B | Eet | = 1] [ 2 im | @ q =3 L1 s
| L] @) 18] ]| ] | =] | e = ale] Ll | 2o | 1) 21 | 22|
Figure 3-2 measuring function speed-controlled system frequency response
H Measuring function inactive QINAMICS_Integvated | D Assume control priority! | -l.l hI B l ‘
Measuring function IMeasuvemenlsl Time diagram | FFT Elagram| Bode diagram
QJ Measuring iunclio(lw:ystem [excitation after current setpoint filter) /’j
‘hl Drive: |Antrieb_1 j ™ Repeated measurement
[ Settling periods: 1 0 1 S
x Amplitude: [
— oy o
_F:‘j Offset: Bl " . n e —
LI Ramp-up time: u Ll u L L
Measuring time: 5115.000 ms
0 1 2
Measuring periods: m
Bandwidth: (T a00000] A ¥ ValesinZ
Ho. [Ac‘lwe Signal Comment
al \ \v| | Antrieh_1.r80 Antrieb_1r80: Torque actual value o
2 \ \v| |Antrieb_1r63 Antrieb_1r63: Speed actual value after actual value smoothing
3 | [v] |Antrieb_3r61 =] Artrieb_3.r61: Drehzahlistwert Motorgeber
4 |
5 | vl |=Transfer($1,32) Drehzahlreglerstrecke (Anregung nach Stromsollwertfiter)

Device selection:
Measuring function:

Amplitude:

Drive Optimization Guide
Entry-ID: 60593549, V2.1, 05/2019

Select the device on which the drive you want to
measure is located (e.g. SINAMICS_Integrated).

“Speed controlled system (excitation after current
setpoint filter)”

ca. 3% - 5% of reference torque (Default-settings)

- Too big amplitude may affect the measuring result
negatively! (Limitations can be reached — non-linear
behavior)

- Too small amplitude excites the system insufficiently

- Check sound during measurement: audible but not
abnormal
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3 Measurement of the mechanical system

NOTE

Offset: unequal O (Default-settings)

- To avoid movement around standstill (stick-slip-effect
= static friction to sliding friction change)

- The offset should be just as big to lift the negative
amplitude above zero speed (avoid reversing of the
motor)

Ramp-up time: duration till offset-speed is reached
to start the measuring out of movement.
Measuring periods: ca. 20

- More measuring periods increases the accuracy
(averaging)

- Affects the measuring time (shorten dependent on
bandwidth)

Bandwidth: 4000Hz

-> Distribution of the measuring points about the
frequency range

The speed controller must not be set too dynamically for the measurement since
it will then "fight" against the noise signal (measurement signal). If it is too weak,
the measurement will be negatively affected by the controller reaching to the
offset speed level.

For an already optimized speed controller, the reset time should first be
increased by a factor of 10 and then the Kp reduced by a factor of 10.

ATTENTION: If a position controller is active when changing the speed
controller parameter, e.g. because control priority in drive has not yet been
fetched, the position controller gain must first be reduced!

ATTENTION: hanging axes can fall down when the speed controller is too
weak!

Figure 3-3 speed-controlled system frequency response of a two-mass-system with 4kHz
bandwidth

47.81

[dB]

0.00

-840

180.00
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3 Measurement of the mechanical system

NOTE

NOTE

The measurement shows the typical result of a speed-controlled system frequency
response of a two-mass system. Locked-rotor frequency and resonance frequency
are clearly visible.

The motor encoder can be seen by a pole frequency without a previous zero
frequency. The phase tilts to -180°.

Attention: The measurement provides only accurate values in the middle range.

The lower 50% of the trace window and the upper 50% of the bandwidth should be
neglected (approximate values).

In the lower frequency range, the sampling is not good enough. In the upper part,
amplitude and phase could be displayed in a wrong way due to aliasing effects.

The noise signal used for the measurement contains 1023 frequencies, linear
distributed over the selected bandwidth. With a bandwidth of 4000Hz, the resulting
gird is 3.9Hz.

To increase the resolution in the lower frequency range, repeat the measurement
with reduced bandwidth (ca. 600Hz).

Both measurements can be displayed in a superimposed mode.

By reduction of the bandwidth you achieve a dispersion of the measuring points in
a smaller area. This way the resolution is increased.

Reduce the number of measuring periods to keep the previous measuring time.

Figure 3-4 speed-controlled system frequency response with reduced bandwidth
(600Hz)

47.78

[dB]

180.00
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3 Measurement of the mechanical system

Attention  Same in this measurement, only the middle range is significant!

The locked rotor frequency is located in the significant area. Both frequency
responses are congruent.

In the low frequency range, the resolution has improved.
The following figure shows a measurement with once more reduced bandwidth:

Figure 3-5 speed-controlled system frequency response with reduced bandwidth (400Hz)

47.78

[dB]

0.00
576

180.00

000

The locked rotor frequency is located on the verge of the significant area. The
frequency responses are not congruent anymore.

Note Choose the bandwidth twice as big as the frequency you want to have correctly
measured/displayed! (Nyquist—-Shannon sampling theorem)

Drive Optimization Guide
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3 Measurement of the mechanical system

3.2 Mechanics frequency response

Attention  The trace is possible only if encoder o

n the load side exists!

The mechanics frequency response can’t be found as a built-in measuring function.
But you can create the frequency response manually by using the mathematics
function. Trace the motor-encoder’s and load-encoder’s actual speed [r61] and link
them by a transfer function: Transfer = ([r61]_motor ; [r61]_load).

For that the measuring function “speed-controlled system” could be extended as

follows:

Figure 3-6 mathematics function

Measuring function ] Measuremenlsl Time diagram[ FFT diagvaml Bode diagraml

0 easuring function: ]Speed controlled system (excitation after current setpaint fi

ilter) _']

Drive: lAnlrieb_1 ;I " Repeated measurement
3 Mathematical Processing
Settling pejjpd
plitude: [
Offset: 5 Ho. Formula L Comment \ Unit Color j
. 9 = Transfer($1;$2) (( [Drenzahireglerstrecke (4nreg | ) dB,® v
= Fiamp-up time: 3 = Transfer($2,33) N Transfer(32;337  dB," v
5 S Newy Formula D —
Measuring time:
Measuring periods:
Bandwidth: =
No. | Active Input Output r
; % imr No. 10 = Tlansfe( $ 5 |$ ) '
r
3 j Antr Urdo a2
4 /| |Ant R tation of the results in th B
5 ::i =Tr; :p:::,z:;zo SUSURRIE l l sqr I sqit | rec | DIF Remove :
' | AM ] int | LsM| DIF2! $1 (Antrieb_1.180)
r $2 [Antrieh_1.163)
<  Bode diagram [transmission function) ' I RMS| Diff | AV $3 [Antieb_3.161)
= $4 [Antiish_3.51)
Cancel Help l

1) Open the Mathematics function

2) New Formula

3) Bode diagram (transmission function)
4) Choose Signals: ,motor“.r61, “load”.r61

5) Apply

Note Name/label the new measuring functions

Note With Firmware V4.3 and higher encoders

in the comment field.

can be read in with the SINAMICS

drive object “encoder”. The evaluation occurs by SIMOTION with the TO

“External Encoders”.

Drive Optimization Guide
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3 Measurement of the mechanical system

Note Change the direction of rotation of the load motor to “Counter-clockwise”.
Expert-List: p1821

Otherwise the mechanics frequency response phase will not be 0° in the front
area.

Figure 3-7 mechanics frequency response (red) superimposed speed-controlled system
frequency response (blue)

47.81

0.00

[4B]

-62.85

180.00

Attention  Pay attention to the scaling!
Adapt the scaling of superimposed curves.

(right click on the trace window > Scaling: ,,As curve x.x")

Drive Optimization Guide
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3 Measurement of the mechanical system

3.3 Image frequencies

So-called image frequencies can occur when the sampling frequency of the
measurement is too small relative to the frequency of the signal to be sampled.

A sine wave sampled at 500Hz in 2ms clock (1 / 0.002s is also 500Hz) would result
in a zero line.

If you scan a vibration of example 535Hz in 2ms clock, however, creates a mirror
frequency at 35Hz.

To avoid this, the sampling frequency must be at least twice as high as the highest
frequency component in the signal to be sampled.

NOTE To ensure that a certain frequency actually exists mechanically, the
measurement can be repeated with different rotation frequency (offset in the
measurement parameters).

Make sure that the offset is not halved or doubled. For example, choose 70%,
90%, 110%, 130% instead.

Drive Optimization Guide
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4 Inertia determination of a mechanical system

4

4.1

Inertia determination of a mechanical

system

In most cases the motor inertia is known (data sheets or expert list p341). In
contrary the load inertia is often unknown. Different methods can be used to

determine the inertia.

Frequency response

NOTICE

This method is less accurate in respect to the accuracy!

With the speed-controlled system frequency response inertia components and

torsion stiffness can be calculated.

The below displayed curve can be measured with the measuring function “Speed
controlled system (excitation after current set-point filter)”.

Figure 4-1 identification of inertia and torsion stiffness from the frequency response

.00

-20dB/tlecade

[dB]

,,,,,

,,,,,,,,,,,,

1 ma

The displayed frequency response is typical for a two-mass-system (motor
vibratory coupled with a load). Typical is the frequency pair locked-rotor-frequency
(zero-point) and resonance frequency (pole).

With this frequency pair the related mass is decoupled from the system. That
implies, that an excitation of the load with frequency higher than locked-rotor-

frequency is no longer possible.

Formula to calculate the inertia components:

~yldg]
10 2098 .60 1
I = 422 f o Bl
(27 f)-——-10208
60

This reflects a pair of values consisting of amplitude y [dB] and frequency f [HZ] in a

gradient area of -20 dB/decade!
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4 Inertia determination of a mechanical system

NOTE

The values to calculate the total inertial of the system must be determined out of
the area before the first locked-rotor-frequency.

After the first frequency-pair the first load has been decoupled. The value of inertia,
which can be calculated out of the area after the resonance frequency,
corresponds to the remaining inertia of the system.

In the area in front of the first locked-rotor-frequency the total inertia can be
determined. After the resonance frequency, only the motor inertia is left.

For determination of the amplitude for the total inertia calculation, trace the
frequency response with lower bandwidth to be able to determine the value
precisely.

Example:
The pair of values y = 21.67dB and f_1 = 50Hz results in the total inertia of the
system J_total = 0.002508kgm2.

The pair of values y = 21.91dB and f_2 = 1500Hz results in the motor inertia
J_M = 0.000081kgm?.

To calculate the torsion stiffness between two masses, the locked rotor frequency,
the resonance frequency and the inertia of the masses has to be known.

Depending on the known values you can use the following equations:

2
¢; =4-7%-J, - (fz2- 1,2 CT:% ¢ =(f; -27)* -3,
3
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4 Inertia determination of a mechanical system

4.2 Velocity profile using the ramp function generator

1.

NOTE

Friction curve is detected and active
The axis can be rotated freely. SIMOTION is in STOP (drive is not enabled)
Go to the Comissioning menu in the drive and open the Function Generator

Contolpane
Communication »  Trace
TR T Measuring function

Exemplary settings of function generator:

" Function generator as setpoint source
% Function generator as commissioning tool

Operating mode: |Speed setpoint after filter _'_l

Drive: I‘w’inder Ll
Signal type: | Triangular ~]
Upper limit; ,_dﬁm rev/mit ‘ .
Amplitude: l_1ma rev/mir \ £ L/ 9& / f'ﬁ [LLLLLL L
Offset [ 30000 rewimi /
Ramp-up time: lm ms Ty .?‘ -__\L_-A
Period: 'm ms  Rele h 4
Lawer limit: lw rev/mit V
K
Cycle time: IW ms

I Valuesin %

The settings of the function generator needs to be adapted to the mechanics!

5. Start function generator:

The axis is moving with a period of 2000ms between 200 and 400 rotations per
minute (after ramp-up time). During the acceleration and deceleration phase
the controller output (r1480) should have the shape of a rectangle. Trace the
parameter r1480, r80, r62 und r3841 with the endless trace.

Calculation of the moment of inertia:

The set acceleration (angular acceleration) is the result of the amplitude
(rev/min) and the period time (ms):

a = Amplitude / Periodendauer * 8.0 * Pl * 1000 / 60
aist in rad/s"2 definiert!
With the settings above, ais approximately 21 rad/s"2.
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In case of a too small signal of r1480 the time of the period could be
decreased. The acceleration-based torque (r1480) is shown in the
measurement; the shape should be similar to a rectangle. Take the average
value, in this case 6.7Nm.

The total inertia can be calculated from the torque during acceleration and the
angular acceleration a.

_ M
/=%
In this example, the total moment of inertia is J = 6.7 / 21 = 0.319 kgm”2.
This value is calculated for the motor side.

The load inertia can be calculated by deducting the motor inertia which is
known form the motor data sheet.
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4 Inertia determination of a mechanical system
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5 Mot-ID (Motor-ldentification)

The Mot-ID can be used to adapt motor- and control parameters which are based
on data sheet data to the real, motor specific data. The default values which are
preset by inserting a drive can differ from the real motor values.

Using third-party motors, it might be the case that not all motor parameters are
available. In this case the Mot-ID is mandatory.

Furthermore, some motor parameter can only be set correctly if other data are
known. These data must be set by the user before starting the measurement.

The wizard to start the motor identification can be opened in the commissioning
menu of the respective drive.

Figure 5-1 stationary/turning measurement

Stationary/turning measurement l

125.00 ps

Meas. type: !
|Slali0naly measurement ll Next measurement |
None
Complete calculation of the motor/control parameters
Stationary measurement
Encoder adjustment I Value I Unit I
Turning measurement _ '|0.00000 |ohm
D10 Moo seties kvt |0.000 mH
PEACIOIL ) fcumentimb e e ji3.00 {Arms
p1909[0] | + |Motor data identification control word |2700H
p1959(0] L+ Rotating measurement configuration |Oee7H

Status: |[0] No measurement Activate measurement |

The following parameters are determined or changed with the motor data identification:

Panmeterl Parameter text ] Current value | Hew value I Unit ]
p350[0] |Motor stator resistance, cold 0.00000 |ohm
;)356(0] tor stator leakage inductan |0.00000 mH
p431[0] |0.00 0

p408[0)] |483 ‘

pa10[0] | 0000H

p17150]  |Current controller P gain |0.000 VA
PA7ATI0] _|Current controler integral-action time 000 ms

Accept values

At first, choose the desired measurement with the drop-down-menu.

In the middle area parameter are listed which must be set before starting the
measurement.

In the lower area parameter are listed, which will be set/adapted by the
measurement.

NOTICE  After the measurement, the calculated values must be accepted by
pressing the button “Accept values”.

Drive Optimization Guide
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5 Mot-ID (Motor-ldentification)

Complete calculation of the motor/control parameters (p340)

Parameters will be calculated based on entered motor data
For third-party-motors and SIMOTICS entered by motor data
Performed immediately by clicking on “Activate measurement”

Stationary measurement (Mot-1D) (p1910)

For third-party-motors, SIMOTICS entered by motor data and in general for
motors with a long supply cable (higher cable resistance and inductivity)

Not required for DRIVE-CLiIQ motors or catalog motors!
Execute the complete calculation of the motor/control parameters first

During the stationary measurement, parameter will be measured and
calculated (the pulses of the drive getting enabled!)

The commutation angle and the direction of rotation are determined as well
Performed after is drive enabled

Turning measurement (Mot-ID with additional parameter) (p1960)

For third-party-motors, SIMOTICS entered by motor data and in general for
motors with a long supply cable (higher cable resistance and inductivity)

Not required for DRIVE-CLIQ motors or catalog motors!
Mainly for motors in VECTOR mode

Execute the complete calculation of the motor/control parameters and the
stationary measurement first

Load moment of inertia is determined, and speed controller is set

Saturation characteristic and rated magnetization current of induction motors
are measured

The commutation angle and the direction of rotation are determined as well

Perform the turning measurement for a motor without load to prevent damage

to sensitive mechanical system
Performed after drive enable

NOTICE

If the motor has a holding brake, it must be opened before executing
stationary and turning measurement (p1215 = 2).

Before doing so, make absolutely sure that opening the holding brake will
not cause any unwanted movements (for example falling down of a lifting

table).

Encoder adjustment (p1990)

This function is only required for synchronous motors and can be started when

commissioning for the first time or after replacing the motor encoder
Determines the angular commutation offset and transfers it into p0431

(angular commutation offset = angular difference between electrical position of

encoder and flux position)
Performed after drive enable

Drive Optimization Guide
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6 Current Controller optimization

6
6.1

NOTE

6.2

Current Controller optimization

Siemens drives & motors

Using Siemens-drives & motors the motor data and controller settings (proportional
gain factor Kp, integral time Tn and Kp adaption) are preset automatically. This is
done by the auto-configuration of DRIVE-CLIQ drives or by entering the motor code
number.

The proportional gain factor is proportional to the inductance of the motor winding,
the integral time on the current controller clock cycle:

62.5us >Tn =1ms
125ps > Tn =2ms
250us > Tn=4ms

Normally the current controller optimization of Siemens-drives & motors is
not necessary!

If there are problems with the behavior of the overall control system, start the fault
analysis with a check of the current controller setpoint frequency response.

Motor- and control parameter which are set by inserting a drive with the drive-
wizard or automatic configuration are based on the motor data sheet.

Because of production tolerance it is possible that these data differ to the real
motor data.

Remedy: see chapter Mot-ID (Motor-ldentification).

Third-party drives & motors

There are two possibilities to set the controller characteristic parameter of third-
party drives & motors:

e By entering the motor nominal data, a calculation of the motor model starts to
determine proportional gain and integral time.

e Entering the motor model data manually.

Attention Pay attention to all physical units of the motor data!

Manufacturer's specification can be different (units, frequency or angular
frequency etc.)!

Drive Optimization Guide
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6 Current Controller optimization

Note It is recommended

to always check the current controller setpoint frequency

response when third-party drives & motors are used.

The current contro

ller is often set too high, as the SINAMICS converters require

the terminal-terminal inductance in parameter p356 and not the phase
inductance as stated in many data sheets.

NOTE Please pay attention to chapter 9.1 Current controller adaption!

6.3 Current contr

oller setpoint frequency response

Figure 6-1 measuring function Current controller setpoint frequency response

H Measuring function inactive

QNAMICS_Integrated @ Assume control priority! I .l.l hlll ‘

Drive:

Settling periods:

|#|» |8 |

Measuring function ] Measutements] Time diaglam] FFT diagram| Bode diagram]

Measuring functio@ller setpoint frequency response [after current setpoint filter) j

]Anlrieb_I _v_I " Repeated measurement

—— .
F 1 2
L

Amplitude:
{2 Dffset: I 0.000 % —] I il LSS — Iu -
Ramp-up time: 0.000 ms —
7| o | SN L= L 1 L™ I
Measuring time: 5115.000 ms
Measuring periods: ” 0 1 2
Bandwidth: 40000004 HD> IV Valuesin %
Ho. | Activ Signal
1 \v| | Antrieb_1.r77 Antrieb_1.r77: Current setpoint torque-generating
2 \v| | Antrieb_1.r78[0] Antrieb_1.r78[0]): Current actual value torque-generating, Unsmoothed
s | [ =]
o NEE =l
5 |v| |=Transfer($1;$2) Stromregler Fihrungsfrequenzgang ( nach Stromsollwertfiter )

Device selection:
Measuring function:

Amplitude:

Offset:
Measuring periods:

Drive Optimization Guide
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Select the device on which the drive you want to
measure is located (e.g. SINAMICS _Integrated).

“Current controller setpoint frequency response (after
current setpoint filter)”

- default -

- Too big amplitude may affect the measuring result
negatively! (Limitations can be reached — non-linear
behavior)

- Too small amplitude excites the system insufficiently

- Check sound during measurement: audible but not
abnormal

0 1/min
ca. 20

- More measuring periods increases the accuracy
(averaging)

-> affects the measuring time (shorten dependent on
bandwidth)
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Bandwidth: 4000Hz

- Distribution of the measuring points about the
frequency range

Current controller settings: Do not change the current controller proportional gain
factor (Kp) and integral time (Tn)

Note Activated current setpoint filter(s) have no effects on the measurement.

Figure 6-2 current controller setpoint frequency response (Kp, Tn: default-values)

20.00

[4B]

& 000

The amplitude should stay close to the 0dB line till phase tilt.

In the step response this conforms to an overshoot of maximum 4% of the
stationary final value.

NOTE In the curve above, the slight reduction in the amplitude curve is not a too weak
controller gain. The cause here is the locking time of the transistors in the
frequency converters. The time is longer at low voltage modulation. If the
measurement would be executed with higher measurement amplitude, this effect
is no longer visible.

Note As of firmware V4.4 of the SINAMICS CU and supporting hardware version,
parts of the current controller are calculated on the power unit. Due to the
available computing resources, higher dynamics can be achieved (the phase tilts
later).

If a corresponding CU is created in the project, bit 11 of parameter p1810 is
TRUE, and p118 = 20.5ps. If you upgrade an older firmware version, you must
set the parameters manually to use the function.

Drive Optimization Guide
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6 Current Controller optimization

The following trace shows the result of a too low proportional gain factor:

Figure 6-3 current controller proportional gain factor undersized

2000 -
@
=
-60.00 : . i by : S : : R - : : =
180.00 ey ey 4 4 3 : C i Y
- DERBRI IV ERRRLL TN ORI
-180.00 T o : O S : e : . : : — o : g —
< ——

Because of the too low proportional gain factor, the magnitude is only up to 15 Hz
close to 0dB.

- Increase Kp!

Note The integral time results from the current controller sample time. Because of this
the integral time shouldn’t be adapted manually.
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7 Speed controller optimization

7 Speed controller optimization

Figure 7-1 equivalent circuit of the speed control loop

F ot —\V V'

Mot m_load

c =K, /Ty

/\/\/\/\_ Mot m_load
b |

d=K, | Viviot | Vi ast

The speed controller is a Pl controller. The Kp corresponds to the damping of the
motor in relation to the setpoint value, the integral time of the integrator acts like a
spring.

NOTE Thought experiment:

By hanging a mass on the side of the motor shaft, this generates a torque when
falling. The motor shaft rotates until the mass is hanging on the bottom of the
shaft.

If only the P-part of the controller would be effective, the mass would still fall
down (radially), but will be dampened as it would fall, in a viscous liquid. A larger
Kp increases the damping effect.

With an active integral component, the weight only falls to a certain angle before
it stops. One can imagine that a spring is getting compressed, which decelerates
the falling mass (standstill reached when spring force = torque of the weight).
The shorter the reset time, the sooner the weight will be stopped. If you remove
the weight, the motor "springs back" to the initial position.
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7 Speed controller optimization

7.1

Attention

The speed controller can be optimized in two strategies:

Interference optimum

High controller gain. The motor follows the setpoint very well. Disturbances on
the motor side are optimally compensated, with the disadvantage that a soft
connection of the load is sensitive to oscillation.

The encoder on the motor side does not see what happens on the load side, if
it is not connected stiff enough.

Damping optimum
The controller is set weak on purpose so that the "spring" of the controller
instead of the motor : load coupling oscillates.

However, disturbances on the motor side (e.g. gear or cogs) can have negative
effects on the load side because the controller does not completely suppress
them.

Stability criteria

The control system is stable, if its step response approaches a finite value for t ->

OO.

Nl B

Stable unstable

The correct stability has to be evaluated with the open speed control loop!

In SINAMICS trace there is a measuring function for the closed speed
control loop (“Speed controller setpoint frequency response (after speed
setpoint filter)”).

The open speed control loop must be created manually with the
mathematics function.

To create the open speed control loop, the speed controller setpoint frequency
response has to be extended with the transfer function.

Transfer = system deviation [r64] ; actual speed [r61]

(For more information about mathematics function see chapter 3.2)

The coherence between the closed control loop and the open control loop is
characterized by the following formula.

I:cl = Fo
1+ Fo
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7 Speed controller optimi

zation

If the denominator (of the characteristic equation) equals 0 (Fo = -1), the closed
control loop is instable.

This occurs if the actual value |Fo| = 1 and the phase amounts -180°.
(in logarithmic description: 0dB and -180° phase)

Reverse: to guarantee stability an adequate phase margin ¢_R is required while
amplitude amounts 0dB.

If the phase is near -180°, a distance to 0dB is required (amplitude margin).

Note Amplitude margin and phase margin must be evaluated in the open control loop
response, the resonance magnification in the closed control loop response.

Figure 7-2 stability criteria

resonance magnification < 3dB l

(]

T Tew [T amplitude ~ f
M margin
oy \
T wrl
characteristic i )
angular: frequency ||
f(-3db)
----------------------- el St
phase margln-I taa !:le

Table 7-1 — stability criteria

100 1w 1000

The following criteria should be observed:

Resonance magnification:

Amplitude amplification in the lower frequency area.
Amplitude amplification max 6dB tolerable.
Corresponds to an overshoot of 43% (time domain).
Related to a short integral time.

Characteristic angular
frequency:

Frequency of -3dB in the amplitude response.

The characteristic angular frequency should be as high as possible
to reach a high dynamic and short rise time.

Amplitude margin:

Distance to 0dB in the amplitude response.

Determines the damping behavior of the control loop (along with
phase margin).

Phase margin:

Distance to -180° in the phase response.

Determines the damping behavior of the control loop (along with
amplitude margin).

Critical points:

If the phase reaches -180°, the amplitude margin should be at
least 6dB.

If the amplitude margin is smaller than 6dB -10dB, the phase
margin should be approx. 40°.

NOTE If these stability criteria will be complied, the control system is stable and

damped sufficiently.
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7 Speed controller optimization

7.2

NOTE

NOTE

NOTE

NOTE

Proportional gain factor (Kp)

Premise: optimized current controller

The optimization is done in two steps:
e Proportional gain factor optimization (Kp)
e Integral time optimization (Tn)

To optimize the speed controller gain, the integral component of the PI controller
must be deactivated.

In STARTER / SCOUT this is done by selecting Tn = 0 or by setting a very long
reset time, e.g. 1000ms.

The reset time is optimized after the speed controller gain Kp has been
determined.

The typical goal is to set the proportional gain factor high enough to obtain the
required machine dynamic, but at the same time maintain the stability of the control
loop.

The reachable Kp factor is related to the total system inertia (motor + load).
The bigger the total inertia, the higher the reachable/necessary Kp.

However, the stiffness of the load connection is important as well. The reachable
speed controller gain is directly related to the motor-near inertia.

Thought experiment:

With a small motor A, a Kp of 0.3 can be set without load. After connecting a
load with a certain stiffness c to this motor, this system can become unstable at a
specific frequency, even though the total inertia is bigger than before. However,
due to the stiffness of the coupling, a resonance frequency may appear in which
the inertia which the motor faces, is substantially smller than the motor inertia
itself (see Chapter 2.1). The load "pushes" the motor at this point, wherby the Kp
is too large. Remedy can be a current setpoint filter (see chapter 7.3).
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7 Speed controller optimization

NOTE

By inserting a new drive to a project, the Kp factor gets pre-assigned depending on
the motor inertia and an additional factor of 1/3:

sz1ooo-JM%

The factor 1/3 is a preventive reserve to avoid mechanical oscillating at first use of
the machine.

The maximum reachable Kp factor without coupled load (inertia close to the motor)
can be approximated by the following equation:

Kp ~1000- Ju |

Depending on additional load inertia, the ideal Kp factor can be determined by
following measurements.

Depending on the load connection (characteristic of the locked-rotor frequency /
resonance frequency), the amplitude and phase margin might be too small, which
means the Kp would have to be reduced or current setpoint filters must be set.

To get a first reference of the speed control loop, start a measurement with default
Kp setting.

For that, the measuring function “Speed controller setpoint frequency response”
(closed control loop) can be used.

It is recommended to add the transfer function of the open speed control loop to
evaluate the stability criteria! (see chapter 7.1)

Figure 7-3 Measuring function “speed controller setpoint frequency response”

” Measuring function inactive QSINAMICS_Integtated v| D) Assume control priority! I .|.|P|I||

Measuring function ] Measurements] Time diagraml FFT diagram] Bode diagraml

Measuring functiol Speed controller setpoint frequency response [after speed setpoint filter) ;]

Drive: IAnllieb_] ;] " Repeated measurement

Settling periods: 1 A 0 2 ..2

Ampitude:
- —
Ot C o —| "l

Ramp-up time: 0.000 ms _x. 0 o 1] 1] ‘ -
Measuring time: 5115.000 ms

Measuring periods: @ 0 1 2
Bandwidth: 4000.000= HzD [ Valuesin %

|%|®|E: |

=

[

Ho. |Active Signal
1 7_] Antrieh_1.r62 Antrieh_1.r62: Speed setpoint after the fitter
2 \v| |Antrieh_1r63 Antrieb_1.r63: Speed actual value after actual value smoothing
3 [v] |Antrieh_1.r64 _‘ Artrieb_1.r64: Drehzahlregler Regeldifferenz
4 v| Artrieh_1 161 === Antrieh_1 1B1: Actual speed motor encoder
5 \v| |=Transfer($1;$2) Drehzahlregler Fuhrungsfrequenzgang (nach Drehzahisollwertfitter)
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7 Speed controller optimization

Device selection:

Measuring function:

Amplitude:

Offset:

Measuring periods:

Bandwidth:

Proportional gain:
Integral time:

Select the device on which the drive you want to
measure is located (e.g. SINAMICS_Integrated).

“Speed controller setpoint frequency response (after
speed setpoint filter)”

- Additionally: transfer function of open speed
control loop (see chapter 7.1)

-default-

- Too big amplitude may affect the measuring result
negatively! (Limitations can be reached — non-linear
behavior)

- Too small amplitude excites the system insufficiently

- Check sound during measurement: audible but not
abnormal

unequal 0 (Default-settings)

- To avoid movement around standstill (stick-slip-
effect: static friction to sliding friction change)

- The offset should be just as big to lift the negative
amplitude above zero speed (avoid reversing of the
motor)

ca. 20

- More measuring periods increases the accuracy
(averaging)

- Affects the measuring time (shorten dependent on
bandwidth)

4000Hz

-> Distribution of the measuring points about the
frequency range

Kp = 1000 x Jm x 1/3 (default value)
Tn =0 or 1000ms

Note If the Kp is getting increased much during optimization, the amplitude might need

to be reduced.
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Figure 7-4 measurement 1: speed control loop (Kp default)

20.00

0.00

[aB]

-60.00

180.00

= 000

(red curve: closed speed control loop, blue curve: open speed control loop)

In this trace both curves are congruent, because of the low proportional gain
(feedback loop is interrupted)

The locked rotor frequency (zero) has no effect on the stability of the control loop,
but it affects the reachable system dynamic.

The excitation with resonance frequency (pole) in conjunction with a high
proportional gain (peak near 0dB or above) and low phase margin can lead into an
unstable condition.

From the course of the magnitude in front of the locked rotor frequency, it can be
seen that the proportional gain is way too long

The closed loop magnitude should stay on the 0dB line up to the locked rotor
frequency.

The big amplitude margin above the resonance frequency shows the possibility to
raise the proportional gain factor as well.

Rule of thumb for Kp increase:
Factor 1.4 (40%) corresponds to 3dB amplitude amplification

If the factor for the gain increase is displayed over the amplitude in db in
logarithmic representation, the correlation is a straight line. The factor for gain
increasing can be easily determined from the diagram.
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7 Speed controller optimization

Figure 7-5 conversion logarithmic <-> linear
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Figure 7-6 measurement 2: speed control loop
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The open control loop magnitude (blue) reaches almost the 0dB line. At this point
there is no phase margin left.

The speed controller can’'t compensate the resonance by itself.
In this case, the proportional gain factor must be reduced.
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7 Speed controller optimization

7.3

Attention

NOTE

Current Setpoint Filter

Alternatively, the resonance spot can be damped by a filter. In this way, the Kp
factor can be kept, perhaps even another Kp raise is possible.

So to say, the filter effects a Kp reduction in patches.
Use the measuring cursor to determine the exact frequency of the resonance spot.

It’s not necessary to use a filter at all resonance frequencies.

See chapter Current setpoint filters in multi-mass-systems

There are four current setpoint filters available to damp disturbing
oscillations/resonances. One of these filters is active by default to mask out the
encoder noise. It's configured as a low-pass filter with the characteristic frequency
of 2000Hz and a damping of 0.7 (70%).

The current setpoint filters 1 to 4 are available as standard. You can activate the
current setpoint filters 5 to 10 offline in the object properties of the drive.

Select the desired servo drive in the project navigator and open the "Properties”
menu. Click the "Function modules” tab. Activate the "Extended current setpoint
filters" function module in the function modules selection. Download the data to
the target system.

The extended current setpoint filters 5-10 can be activated via the parameter
p5200[0] and configured with p5201-p5230.

Figure 7-7 current setpoint filters

E-_1 Drives

- @] Antrish_1

® ) Insert DCC chart
% Configuration
o % Ewpert list

-3 Diive navigator

Current setpaint filker I

125,00 ps

- % Control logic

=% Openloop/closed-oop contral
L D Setpoint addition

> Speed precontial

> Speed setpaint filker 0.00 Armns

-+ > Speed conboller Setpoint filer 1 Setpoint filer 2 Setpoint fiter 3 Setpoint filer 4

b W control

1Y Togue setpoints

w3 Torgque limitation ﬁ % 1
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By clicking on the buttons, the filter can be parameterized.
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Figure 7-8 settings of the current setpoint filter

KPN: |1.000 Nms/rad THN: {10.00 ms

Act filter type:

~ Current setpoint fiter 1————————————————— -~ Cunent setpoint filter 2
Filter effective ¥ Filter effective [V

[ Low-pass PT2 Act. fiter type: | BaneStop—

Filter settings Filter settings
Low-pass PT2 - lBand~stop vI Aoeept |
Filter Filter

Characteristic frequency  [1939.0 Hz Notch frequency 658.0 Hz

Damping oo Bandwidth 1200.00 Hz
Notch depth -30.00 dB
Reduction -5.00 dB

Amplitude response Amplitude response

T T T
10 100 1000 1 10 100 1000

Superimposition...

To activate a filter check the checkbox ,filter effective®

First of all, the filter type must be chosen. Select low-pass filter, band-stop, low-
pass filter with reduction or general filter 2nd order.

Note While low-pass filters have a better filter efficiency, band stop filters cause less
phase tilt (see graphic above). This has advantages relating to the dynamics of

the speed loop.

For single resonance frequencies, a band-stop filter is recommended. If there are
several closely spaced resonance frequencies, a single low-pass filter could be

better.

Band-stop filter parameter:

Notch frequency:
Bandwidth:

Notch depth:

Reduction:

Drive Optimization Guide
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determined measuring cursor frequency (pole)
Not smaller than half notch frequency!

The filter must be robust in case of a shift of the
resonance frequency!

ca. 50% of magnitude difference between pole and zero
Set notch depth as deep as necessary only.
Notch depth causes phase tilt!

Effects a permanent reduction of the magnitude after
the notch.

Set only if required and as deep as necessary, as it
causes phase tilt!
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The characteristic of the parameterized filter is shown in the subjacent frequency
response. With the button ,Superimposition®, all activated filter will be summed up
and displayed in one frequency response to have a look at the total filter
characteristics.

To have a look on the filter results, repeat the last measuring (without any changes
at the controller parameter) after setting the filter.

Figure 7-9 measurement 3: speed control loop (current setpoint filter active)

20.00

000

[4B]

-60.00

180.00

18000 4 ‘ ; o - e ; i ;
10 10 100 1000

Because the filter the resonance frequency is damped, the trace shows an
adequate amplitude margin.

Now the proportional gain factor Kp can be increased.
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Figure 7-10 measurement 4: speed control loop

60.00

With this Kp factor, the control loop is close to a stability limit (amplitude margin too
small).

The characteristic angular frequency f(-3db) = 50Hz.

In this case, the speed controller proportional gain must be reduced to
guarantee an adequate amplitude margin (ca. 10dB).

Alternatively, it can be tried to achieve the amplitude margin by adjusting the
current setpoint filter (e.g. raise the filter bandwidth and set a filter reduction).

Figure 7-11 measurement 5: speed control loop

40,00

0.00

[4B]

-40.00

180.00

T
1.0 10 100 1000

Because of expanding the filter bandwidth, a Kp raise from 0.7 to 1.0 was possible.
Furthermore, there is still enough amplitude margin.
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7.4

NOTE

The characteristic angular frequency amounts f(-3dB) 60Hz.
The amplitude amplification always amounts less than 6dB.
The resonance frequency is damped sufficiently, the amplitude margin is adequate.

= The stability criteria are complied.

Integral time (Tn)

After the speed controller proportional gain factor Kp is optimized, the integral
component of the PI controller can be activated with the integral time Tn.
Reducing the integral time affects a shortening of the integral-action time. As a
result of this, the amplification in the lower frequency domain of the closed speed
control loop rises.

This can be seen at the amplitude increase of the closed speed control loop (red)
in the front area of the frequency response.

Optimized for the symmetrical optimum, the resonance peak should not be
higher than 6dB.

In the step response, this corresponds to an overshoot of approx. 43% over the
stationary end value. The reset time then corresponds to the rise time of the
purely P-controlled system.

If, for example, the Kp is reduced by a factor of 5, the startup time of the P-
controlled system becomes longer by a factor of 5. Thus, the reset time must be
increased by a factor of 5.

Figure 7-12 measurement 6: speed control loop

40,00

[4B]

0.00

-40.00

180.00

-180.00

By reducing the integral time, the controller bandwidth got higher again
(characteristic angular frequency f(-3dB) = 82Hz).

= The stability criteria are still complied.
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7.5

Current setpoint filters in multi-mass-systems

Besides the desired damping effects of the current setpoint filters, there are also
downside effects:

Depending on the filter type and the adjusted parameter, a phase tilt is the
negative result. This impairs the dynamic and the stability of the control loop.

Be careful with the number of filters and the choice of the filter parameters.

Not every resonance frequency has to be damped actively by a current setpoint
filter.

Resonances in the area of the controller bandwidth of the speed controller (in this
area the controller reacts dynamically), are responded by the controller itself.

The controller bandwidth defines the area, in which enough phase margin (>= 60°)
is available.

The following closed loop speed controller frequency responses shows four
resonance frequencies, where - at first sight - current setpoint filters might be
required.

Figure 7-13 simulated speed control loop

20 Bode Diagram

Magnitude (dB)
ooy i
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°
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10 10 Frequency (Mz) 10° 10

First three resonance frequencies are located in the space of the controller
bandwidth (noticeable at the phase margin).

At the fourth resonance frequency the phase margin equals 0°. But the amplitude
margin is still enough.
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After raising the proportional gain factor, only the fourth resonance spot gets over
0dB. In this area, there is no (not enough) phase margin. The other poles have
nestled to the 0dB line.

Figure 7-14 simulated speed control loop
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The amplitude amplification above 0dB indicates an instable condition of the
control loop. Here one current setpoint filter is recommended.

There is no amplitude amplification over 0dB at the rest of the resonance
frequencies noticeable. Because of the phase margin these resonances are
damped by the speed control loop itself. No current setpoint filters necessary.
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7.6

Note

NOTE

Reference model

Optional improvement for applications with dynamic setpoint changes.

The reference model is located between the speed command value and the speed
actual value of the speed controller’s integral component (see block diagram).

In this way, a separation of setpoint value controlling and disturbance value
controlling is reached. The reference model delays the command actual value
deviation for the speed controller’s integral component. In this way, only the P-
Component is relevant for command value controlling. The integral component of
the speed controller will be blinded for setpoint changes.

Figure 7-15 block diagram: reference model

Pl-Controller

Nget R ’/ Mger

n

Y

act

Pl-Controller

eV

Reference Inact
model \

The typical goal of the reference model is to reduce the amplitude amplification
(caused of a short integral time) in the lower frequency domain of the closed speed
control loop. (The previously adjusted short integral time Tn ensures a good
disturbance control.)

In time domain, the reference model effects a reduction of the actual value
overshoot but retains the integral component.

Using the reference model, higher values in the position controller gain can be
reached.

The reference model only has an advantage, if speed pre-control (DSC) is used!
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To activate the reference model, set the select menu ,Reference model in the
speed controller menu to ON. By clicking on the now appeared button ,Reference
model*, the following parameter can be adjusted:

Natural frequency [p1433]: Start value: frequency at which the phase
reaches -90° for the first time.

Hint; Set start value slightly smaller. Afterward
shift the amplitude reduction (effected by the

S!

reference model) below the amplitude raise by

increasing the natural frequency p1433
Damping [p1434]: default-value; adjust if necessary
Dead time factor [91435]: default-value; adjust if necessary

Figure 7- reference model OFF

20.00

Amplification because of ,low* integral time recognizable

Figure 7-16 reference model ON
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natural frequency too low: magnitude reduction recognizable
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With increasing the natural frequency, the reference model time constant
decreases. The command value reaches the integrator earlier.

Figure 7-17 reference model ON

20.00

desired settings: magnitude consistently at 0 dB

7.7 Speed setpoint filter

In the case of a bad encoder signal (noisy actual speed value) the value can be
smoothed by a PT1 filter. The drive parameter p1441 is available for this purpose.

A common smoothing time is about 2-3ms. This must be adapted to the respective
circumstances.

Drive Optimization Guide
Entry-ID: 60593549, V2.1, 05/2019 47



© Siemens AG 2019 All rights reserved

8 Position controller optimization (SIMOTION)

8

Chapter
8.1

Chapter
8.5

Position controller optimization
(SIMOTION)

Premise: Optimized current controller and speed controller

Compared to the current- and speed controller (PI controller,) the position controller
is realized as a P-controller.

For servo drives, a position controller with speed pre-control is recommended.

The most important position controller parameters:

o Kv position controller proportional gain factor
e Kpc speed pre-control weighting factor
e VIC balancing time (velocity Time Constant)

and the option:

e DSC Dynamic Servo Control (active per default)

Figure 8-1 menu “closed-loop control” in SIMOTION

[V Expert mode
Static controller data l Dynamic contraller data] Friction compensation I

~Manip. var. limitation

— Drive
{7 Dynamic servo " Limitation On
crepaReL] max. motor speed:
Chapter 1581 3.031  pm
Servo gain faclﬁ'
14 8.4 Invert
m Controller setting ... | 120,0 ] | ;n:?;ﬂ}.lelated

/

< Setpoint + + W
+ max Man. var.
‘j’: —Fo—+ilz : W

2 + uiv)
U .
" Rev. of direct. Chapter
act.val.
11.0
Act. val. [ Drift compensation
connect.
Fine interpolator: — Dynamic response filter
Il:onstant-acceleration interpolation [" Dynamic response filter On
Precontrol
IV Precontrol On alancing filter:
‘Weighting factaor I1UU.D % IExtended balancing filter active j
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8.1

Note

Attention

DSC (Dynamic Servo Control)

The function "Dynamic Servo Control" (DSC) is a controller structure calculated in
the speed controller sample time. With the DSC, the dynamically active component
of the position controller is calculated in the drive (usually in 125us cycle).

Advantages of DSC:
e Higher Kv (position controller gain) possible

e Larger bandwidth -> higher dynamic response
e Shorter response times for disturbance characteristic

Use DSC especially for dynamic applications!

For a position axis with position control and an assigned SINAMICS drive, the
system sets DCS by default. Deactivation only in offline mode.

To use the DSC function, the position controller must be set as P controller.

You can see in the chart below, that the benefit of DSC (higher reachable Kv
factor) is even more the higher the minimum locked rotor frequency of the systems
is.

Figure 8-2 Kv-factor relating to the locked rotor frequency

1666,66
with DSC (0,125 ms position controller clock)
- | 1 ms position controller clock |
2. 166,661
o .-
g | 4 ms position controller clock |
3
<
(3]
)
[}
K
§ 16,66
1,66 ‘ T
— o (=}
— =}

-

1000
10000

minimum locked rotor frequency [Hz]

In practice, only approx. 2/3 of the Kv factor shown in the chart can be
reached!

This is because of the damping, which isn’t considered in this chart.
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8.2 Unit of the position controller gain factor (Kv)
Attention There is a difference between the servo gain factor unit of the SIMOTION
position controller and the E-Pos (basic positioner) in SINAMICS!

This unit differs also in the machine tool control system SINUMERIK.

Basically, the servo gain factor Kv is defined by the formula:

_linear speed
following error

The Kv factor unit depends on different units of the parameter mentioned above:
1
SIMOTION: [KV(MC) ] = g

, [ ] 1000
E-Pos / SINUMERIK: KV(EPOS/MT) =m

The result is a conversion factor of 16.6:

KVime) =16,6 - KV gpoq i)

There is a relation between the reachable servo gain factor and the least locked
rotor frequency of the mechanical system.

fo 1
Kv =_Tmn .16.6 | -
M 10 u
f. .. 11000
KV — T min
(EPos/MT) 10 |: min :l

(see also: chart, chapter 8.1)
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8.3

Note

Note

Speed pre-control and balancing filter

The speed pre-control is used to reduce the following error during a positioning
process. In this way, the position controller gets more dynamic.

The speed command value is added up directly on the position controller output.
The speed controller input is available faster, because the known speed setpoint
can by-pass the position controller.

Figure 8-3 block diagram - speed pre-control

speed precontrol

factar
(Kpc)

HKsar | Balancing A Myat Mioad Ao
—  filter Ky Kp — » I J-
vTC) - -
y n\st
Yt [r&1]

The additional command value is scaled by thy speed pre-control weighting factor
Kpc.

Except for special exceptions, the factor Kpc should be kept 100%!

The remaining function of the position controller using speed pre-control is the
disturbance rejection.

To activate the speed pre-control, set the checkbox ,Pre-control On* in the closed-
loop control menu.

To do a fine-tuning of the speed pre-control, a balancing filter can be used.

In the closed-loop control menu there are three balancing filter modes available:

e Balancing filter not active [balanceFilterMode=0FF]

e Balancing filter active [balanceFilterMode=MODE_1]
(a PT1 filter is used as the balancing filter)

e Extended balancing filter active [balanceFilterMode=MODE_2]
(digital FIR (finite-duration impulse response) filter)
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Note

Attention

The extended balancing filter (balanceFilterMode=MODE_2) is recommended.

The balancing filter is a simplified model of the speed control loop. It is used to
prevent the position controller from overriding the manipulated velocity variable
during the acceleration and deceleration phases.

This is accomplished by delaying the position command value of the position
controller by the balancing time with reference to the velocity pre-control.

To adjust the balancing filter, go to the register ,,Dynamic controller data“.

(Activate the checkbox “Expert mode” in the closed-loop control menu to see the
dynamic controller data.)

There are three time constants available:

e TC  Current control loop equivalent time
(here not relevant)

e VTC Speed control loop equivalent time
(for balancing filter)

e pTC Position control loop equivalent time
(here not relevant)

vTC too short: Position command value delay not sufficient. The position
controller compensates the following error in addition to the speed pre-control. The
result is an overshoot of the speed command value during acceleration and
deceleration.

vTC too long: Delay to strong. System deviation between command value and
actual value negative (position exceeded). The position controller reacts against
the speed pre-control.

In the measuring (Eigure 8-13) a creeping in into the final position is noticeable!

vTC ideal: The system deviation equals 0. Consequently, the controller output
without pre-control [r60] equals 0 as well.

If speed pre-control is deactivated, (Kpc = 0%) set vTC = Oms!
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8.4 Position controller parameter

NOTE In this chapter, the position controller optimization is described for SIMOTION.

8.4.1 Servo gain factor (Kv) optimization (frequency domain)
e Deactivate speed pre-control: Kpc = 0%
e Balancing time: vTC =0ms

Figure 8-4 position controller setpoint frequency response

0O . :
Measuring IuncllorQPnsition control setpoint frequency response
il Ais: lAchse_1 X
= Data set: l 1
1

G »> | Signal generator
=

Settling periods: l 0 1 »
z I Amplitude: 0.20000 * L}
Offset: 0 117 @ e B Dt N
| =5 | O
Ramp-up time: - }; u LI u L
Measuring time: l 12280 ms T UL U

Measuring periods: 0 1 2
Bandwidth: 250.000 Hz

Device selection: D4xx
Measuring function: “Position control setpoint frequency response”
Amplitude: -default-

- Too big amplitude may affect the measuring result

negatively! (Limitations can be reached)

- Check sound during measurement: audible but not

abnormal
Offset: Offset in °/s > Amplitude in °/s
-> to avoid reverse rotation
Measuring periods: ca.3

-> More measuring periods increases the accuracy

(averaging)
- Affects the measuring time

NOTE There is a relation between the reachable servo gain factor and the minimum

locked rotor frequency of the mechanical system.

H Measuring function inactive @435 ; Assume control priority! | .l.l ”‘l ‘l ‘
Measuring function I Measurements] Time diagram] FFT diagrarnl Bode diagrarnl
_» | Recording
I |

Use the chart from chapter 8.1 to estimate the servo gain factor in preparation of

the optimization.
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Figure 8-5 position control setpoint frequency response (Kv too low)

20.00

Figure 8-6 position control setpoint frequency response (Kv ideal)

20.00

Amplitude response should stay close to 0dB until phase tilt.

NOTE The position controller is often optimized according to the optimum amount.

Since in many position-controlled applications no overshoot is permissible, no
increase in the amplitude should be seen in the frequency range.
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8.4.2 Determination of balancing time vTC (time domain)

Set the following parameter at the beginning of the optimization:

e Speed pre-control Kpc = 100%
e Balancing time viC = Oms (start value)
e Servo gain factor Kv = Loptimized value*

Attention Do not use the measuring functions ,,position control ramp* and ,,final
controlling element jump“ for balancing time optimization of oscillatory
systems, as speed set point jumps are included in these measuring
functions. The optimization could be affected negatively because of the
infinite accelerations.

Specify a trapezoidal velocity profile with the control panel instead. The significant

signals must be traced with the device trace.

Figure 8-7 control panel

———— start axis position-controlled

Give up control priorityl

AVl |k P

) alsalsl
| A s & 7 Detais..

Velocity [10 s

Discion

Adjust the velocity profile by clicking on the button “Position-controlled traversing of

the axis”

Tab ,Parameter*:

Setting of the movement speed

1/ min
60s

. 3600}

Entry in °/s [°/s]= [

Tab “Dynamic response®:

Choose the velocity profile: “trapezoidal” with an endless jerk or “smooth” with the

possibility of jerk limiting.

Note The jerk is the derivative of the acceleration and defines the change of
acceleration respectively deceleration. Decreasing the jerk, the corners of the
acceleration profile getting smoothed.
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Attention

Note

Pay attention to torque limitation (negative/positive) during the following
measurements. The torque limit can be reached as a result of atoo high
acceleration or jerk value.

To check the torque limit setting, go to “open-loop/closed-loop control” 2>
“torque limitation” in the drive.

Before starting the measurement for balancing time optimization, the velocity
profile has to be defined with consideration of torque limitations.

The torque actual value cannot be recorded straight away with the SIMOTION
trace. Because of this, the balancing time optimization is described for the
SINAMICS trace in this document.

With activated technology data block, the torque actual value is available in
SIMOTION. In that way all signals can also be recorded in the SIMOTION trace.

Trace the signals ,torque actual value® [r80] and “actual speed motor encoder” [r61]
with the device trace (device: SINAMICS _Integrated).

Figure 8-8 device trace function generator: torque actual value
P —

—y 4
Trace 1 inactive SINAMICS _Integrated /R » | | |&| ‘
j e 7

FctGen inactive |SINAMIES_In!egrated Assume control priority!

Trace IFunction generatorl Measulementsl Time diagraml FFT diagram] Bode diagraml

| Signals

Ho. |Acti
[v] |Antrieb_1.r80 | Antrieb_1.r80: Torgue actual value

[v] [antrieb_1.r61 Artrieh_1 r61: Actual speed motor encoder
T—_/

@~ o ;s w
) O

> | Recording

Meas. val. acq.: Isochronous recording - endless trace ) 3

| |%]e e |B|D|w|o

Note: Recording: “isochronous recording — endless trace*

To start/stop the recording press the "Play/Stop" button at the top of the device
trace window.

During the recording, the specified velocity profile must be traversed with the
control panel. (The function generator is not used!)

You can approximate the torque limits by adapting the parameters velocity,
acceleration and jerk.
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Note It's recommended to keep approx. 10% distance to the adjusted torque limit!

Figure 8-9 torque actual value (blue)

504
454
404
354 -
304
254
204
154 -
1.04

T 054

Z 00
DEF -t
-1.03
.1_5.—
204
-253
304
354
404 -
-453

T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
NS

In the test configuration the torque limit is 5Nm. Thus a maximum value of 4.5Nm is
tolerable.

After defining the velocity profile, the measurement for balancing time optimization
can be performed.

Significant parameters are:

e [r60] Speed setpoint before the setpoint filter [rpm]
o [r62] Speed setpoint after the filter [rpm]

There are two criteria to optimize the balancing time:

e quick reach of speed setpoint [r62] without overshooting
e speed setpoint, without pre-control value [r60], close to 0
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Trace the signals [r60] and [r62] with the device trace:

Figure 8-10 device trace function generator: speed setpoint
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—————— —
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—_— 3 ]
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[ BEN [ =
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=
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Note: Recording: “isochronous recording — endless trace*

Figure 8-11 measurement 1: vTC clearly too short
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The blue curve shows the position controller output including the pre-control value
(signal [r62]).
The trace shows a distinct overshoot of the speed command value.

Proportional to the speed overshoot, there is an overshoot of the position setpoint.
However, use the speed command value to detect any overshoots because the
evaluation by position is more difficult.

The red curve shows the position controller output before adding the pre-control
value (signal [r60]).

If speed pre-control is inactive (Kpc = 0%) the signals [r60] and [r62] are congruent.
If speed pre-control is active (Kpc = 100%) signal [r60] should equal to 0.
(The position controller serves as disturbance controller only)
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If the time constant is not chosen optimally, the position controller "helps" at the
beginning of the acceleration and delay phases (additionally to the speed pre-
control). Because of this, the red curve deviates from 0 when accelerating and

decelerating.

With the help of both criteria the short balancing time is noticeable.

Figure 8-12 measurement 2: vTC too short
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The too short balancing time can be also recognized with vTC = 1ms (overshoot

and deviation).

Figure 8-13 measurement 3: vTC too long
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If vTC is too long (extreme example), the command value is reached very slowly

(blue curve, zoom).
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Because of negative system deviation between command value and actual value,
the position controller reacts against the speed pre-control (red curve).
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8 Position controller optimization (SIMOTION)

Figure 8-14 measurement 4: vTC ideal

1100

1000

300--
800

00—t

600

500

[1imin]

400
300o---

200

100

T T T T T P T T T T T P T T e T e P e e
1000 1200 1400 1800 1800 2000 2200 2400 2600 2800 3000 3200 3400
ms

Measurement 4 shows the position controller output is nearly 0. If the balancing
time is ideal, the speed command value is reached quickly without overshooting.

The evaluation of the speed command value is hard, even when using the zoom,
because the threshold between quickly and creeping reach of the final position is
difficult to identify).

Because of this, the parameter [r60] (position controller output without pre-
control signal) is more suitable. Especially for fine adjustment of the
balancing time.

Approximate the ideal balancing time step by step by evaluating the signal [r60].
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The following trace shows, that even a minimal change of the balancing time has
consequences:

Figure 8-15 measurement 5: vTC minimal too long
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I's hard to identify an overshoot of the speed setpoint [r62] (blue) caused by the
minimal too big balancing time.

The position controller output without pre-control [r60] (red) shows a larger
deviation compared to measurement 4 with vTC = 2.1ms.
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9 Controller and filter adaption

9 Controller and filter adaption

The controller adaption adapts the controller parameter continuously dependent of

an adaption signal. Therefore, the controller dynamic remains the same, even the
controller loop changes.

NOTICE The controller adaption should be used to linearize the control loop!

Otherwise, every change of the control loop would influence the
superimposed control loop.

9.1 Current controller adaption

The inductance of the motor depends on the motor current.

Due to the fact, that the current controller gain is proportional to the time constant
of the motor winding, the gain must be reduced with high motor current. Thus, the
controller performance can be kept constant and instability can be avoided.

This is especially important for servo motors which are operated with a current
higher than the rated current.

The current controller adaption can be found in the current controller settings in the

drive in "open-loop/closed-loop control” (see Figure 9-1).

NOTE Siemens motors:

The current controller adaption is active per default. The DriveCliQ data sheet
provides the correct settings.

Third-party motors:

Check "SINAMICS S120/S150: Requirements placed on third-party motors”
https://support.industry.siemens.com/cs/ww/en/view/79690594

As of SINAMICS FW > V5.1, the current controller Kp adaptation is set by the
rotating measurement. The measurement must be executed without ramp-
function generator!
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9 Controller and filter adaption

Figure 9-1 Current controller adaption window
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9 Controller and filter adaption

9.2 Speed controller adaption

As a result of changing load inertia, it might be necessary to adapt the speed
controller parameter Kp and Tn.

One use case is the changing inertia of a winder during the winding process. With
increasing diameter, the speed controller gain must be increased due to an
increasing inertia of the load. With decreasing diameter, the Kp must be reduced.

Figure 9-2 Speed controller adaption window
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By clicking on "Adaption”, the Kp-adaption can be configured. The x-axis describes
the adaption signal (e.g. diameter), the y-axis the adaption factor. The values need
to be determined during controller optimization for minimum and maximum
adaption signal.
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9.3 Current Setpoint Filter adaption

In special use cases the current setpoint filter described in chapter Speed controller
optimization must be adapted as a result of a changing mechanical resonance
frequency.

Two use cases can be distinguished:

e Adaption during machine runtime
e Adaption during machine standstill

In both cases, the goal is to adapt the filter without the use of an engineering
system.

NOTE Only one of 4 current setpoint filter can be adapted!

Adaption during machine runtime
The SINAMICS S120 provides a function module for this (inertia estimator).

Simplified functional principle:

If a resonance frequency has been excited enough that the internal activation
threshold is exceeded, the adaptation moves the bandstop filter to this resonance
frequency. If the resonance frequency has not been excited enough or there is no
interfering resonance frequency, the bandstop filter stops and the current blocking
frequency does not change.

NOTE For detailed information and boundary conditions see
SINAMICS S120 Function Manual Drive Functions

https://support.industry.siemens.com/cs/ww/en/view/109754299

Adaption during machine standstill

The new location of a resonance frequency (and thus filter frequency) which has
changed due to a change of the load is being calculated after measuring the
inertia. After that the filter will be changed using acyclic write command to the drive.
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10

10.1

Feed-Forward (Pre-Control) &
Compensation

Pre-Control means to by-pass a set point around the superimposed control loop.
This reduces the workload of the controller for setpoint controlling and improves
dynamic behavior of the controller.

The speed controller gets a speed via the pre-control path, without the position
controller has to create it. The current controller gets a torque via the pre-control
path, without it needs to be created in the speed controller.

There are different types of pre-control possible which are either calculated in the
system or by application.

Friction torque

The most common type of pre-control is the friction torque pre-control. The friction
characteristic curve is used to compensate the friction torque for the motor and the
driven machine. The friction characteristic enables the speed controller to be pre-
controlled and improves the response

Figure 10-1 Fuction Friction Characteristic
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Figure 10-2 Friction characteristic recording
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After the recording of the friction characteristic is getting selected, it will be
executed with the next enable command of the drive.

The drive accelerates to the parameterized speed levels and measures the actual
torque (which is the friction torque in this situation) after a short settling time.

The result is a curve like shown in the screenshot above.

The friction characteristic should be recorded without (heavy) load. However, this
can vary dependent on the mechanical situation.

NOTE The acceleration between the speed levels is relatively high! Sensitive mechanic
should be disconnected before the measurement.
NOTICE During the measurement the axis moves by several rotations in positive or

negative direction.

The user has to make sure the axis can be rotated freely, and no hardware
limitations are violated.
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10.2

NOTE

Acceleration torque

Figure 10-3 Acceleration torque pre-control in the drive
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Since the dynamic response in operation without an encoder is lower than in
operation with an encoder, acceleration torque pre-control is implemented to
improve the control dynamic performance. Considering the drive torque, the
existing torque and current limits as well as the load moment of inertia (motor
moment of inertia: p0341 - p0342 + load torque: p1498), the required torque for a
demanded speed dynamic is pre-controlled.

The torque pre-control can also be activated if a motor encoder is used.

If SIMOTION is used for position control of the respective axis, it is
recommended to use DSC Spline for torque pre-control.

In the screenshot shown above, the torque pre-control in the drive sincludes the
position controller output in the torque feedforward calculation. Usually this is not
intended.
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10.3

DSC Spline

An advanced form of torque pre-control using SIMOTION is DSC with Spline.

With the Dynamic Servo Control (DSC) function, the position controller in the drive
is executed in the cycle clock of the speed control loop. In the drive, intermediate
setpoints are generated in the speed controller cycle clock from the position
setpoints transferred in the position controller/communication cycle clock via linear
fine interpolation.

With the DSC with spline function, the position controller is executed in the drive in
the cycle clock of the speed control loop. The intermediate values in the drive are
generated via polynomial functions. Intermediate setpoints are also generated for
speed and torque, in addition to position. Using the intermediate setpoints, highly
dynamic motions down to the current controller cycle clock are simulated exactly
and pre-control is possible right down to the torque.

The setpoints are fine-interpolated in the following way:

e Position setpoint - cubic fine interpolation

e Speed setpoint - quadratic fine interpolation

e Acceleration setpoint/torque setpoint - linear fine interpolation

DSC with spline provides the following advantages and functionality:

e Linear fine interpolation and pre-control of the torque

e Extended support for highly dynamic motions

e Process response is determined by the lower current controller equivalent time

The following requirements must be satisfied for the use of DSC with spline:
e Telegrams 125 and 126 must be supported by the drive
e Consistent setpoints

Position and velocity setpoints must be consistent with each other, i.e. the
setpoint pair must originate from the same cycle clock time of the motion
control. In the setpoint calculation of the technology object, the position
setpoints and the velocity are consistent with each other and are limited to the
maximum values. If the setpoints are modified using compensation values or
limits after the setpoint calculation, the consistency of position and velocity
must be ensured by the user. If the setpoints are defined by the user, the user
must ensure consistency. System variable with DSC spline status display:
servoData.dscSpline

e High-resolution measuring system

DSC with spline requires a high setpoint resolution. The setpoint resolution in
the system is based on the actual value resolution. If the actual value only has
a low resolution, you can increase the setpoint resolution internally. (Set
p0418, e.g. to 18-hit)
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To use DSC Spline, the function module "DSC with Spline" must be activate in the
drive.

Figure 10-4 Activation of the Spline function module in the drive
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Now the Spline pre-control can be activated in the axis position control menu:

Figure 10-5 Activation Spline pre-control in the axis
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Beside the standard DSC, the following pre-control types are possible:

e DSC with spline and torque pre-control

The torque is pre-controlled.

Speed and position are controlled taking into account the equivalent
time of the current controller in the balancing filter in the drive.

The torque is calculated in the drive from the acceleration and the
total moment of inertia.

Balancing of the position setpoint and of the speed setpoint using
the current controller equivalent time (ttc).

e DSC with spline and speed pre-control

The speed is pre-controlled.

The position is controlled taking into account the equivalent time of
the speed controller (VTC) in the balancing filter in the drive.

The speed controller equivalent time is taken into account in the
balancing filter.

e DSC with spline without pre-control

Speed and torque are not pre-controlled.
The position is controlled in the drive.

Additional required settings:

e The TO resolution should be set to the maximum value (1.000.000/unit). This
setting can be done in the axis configuration "unit" tab.

e Set the fine resolution of the encoder to the maximum value. Expert list
parameter p418 (fine resolution Gx_XIST1) - 18

e The motor and especially load moment of inertia must be configured as
precisely as possible (p0341, p0342, p1498 and p1497)

To optimize and fine tune the torque pre-control, the speed controller output can be
monitored. During acceleration / deceleration the value should be close to 0.
Adjustments can be done by adapting the load inertia setting in small steps.

Drive Optimization Guide
Entry-ID: 60593549, V2.1,

05/2019 71



© Siemens AG 2019 All rights reserved

10 Feed-Forward (Pre-Control) & Compensation

10.4

NOTE

10.5

NOTE

APC (Advanced Position Control)

The "Advanced Position Control" (APC) function module provides closed-loop
control-related functions to actively dampen mechanical oscillations. The function
actively responds to measured oscillations using an appropriate manipulated
variable. The motor moves to compensate for the oscillation. If the oscillation
frequency changes, e.g. because of the axis loading or mechanical changes, APC
is also effective for the changed frequency.

Irrespective of the method used, any mechanical oscillation must be able to be
measured

using the measuring system assigned to the particular axis. This is the reason that
the

following methods are available when using APC.

1. APC is set just using motor variables (motor encoder, current).

2. APC is deployed together with a direct measuring system.

3. APC is deployed with an external acceleration sensor installed in the system.

For detailed information and boundary conditions see SINAMICS S120 Function
Manual Drive Functions

https://support.industry.siemens.com/cs/ww/en/view/109754299

VIBX (VIBration eXtinction)

The Technology Package VIBration eXtinction (VIBX) is an option package for
SIMOTION SCOUT. It is used to change the setpoint of an axis so that there is as
little vibration as possible caused by the natural frequency of the moving
mechanical components.

This is achieved by a setpoint filter which, for instance, adapts the acceleration or
jerk value in a way, so that an excitation of the dominant natural vibration of the
mechanics is avoided and thus achieves a vibration-free positioning and at the
same time the mechanics is spared.

This leads to a vibrationless positioning, less stress on the material, noticeable
improvement in smoothness and finally to trouble-free operation and higher
machine cycle rates.

Structural changes or additional sensors or actuators are not required. VIBX can
easily be retrofitted to existing applications.

The value of the frequency of the dominant natural frequency can be simply
determined with trace- and measuring functions of the engineering system.

VIBX is available for SIMOTION and SINAMICS!
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10.6

NOTE

Figure 10-6 Traversing motion without (left side) and with (right side) activation of VIBX
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Cogging torque compensation

For synchronous motors, the cogging torque can be compensated to improve radial
eccentricity as there is a fixed connection between the absolute location and
cogging force in these motors.

The entire cogging torque compensation is executed via a compensation table
which, depending on the position of the motor measuring system, is read out and
pre-controlled.

SINAMICS S120 provides a function module for this.

Restrictions:

e This function module is only available for the SERVO drive object

¢ Induction motors are not suitable for cogging torque compensation

¢ A motor encoder is always required for the cogging torque compensation

e Transistor-transistor logic or HTL encoders are not suitable for cogging torque
compensation

e The encoder must have absolute information. Thus, it must be an absolute
value encoder or have a clear zero mark or be distance-coded.

e Due to the premature validity message of absolute information, DQI encoders
are only suitable with a bypass (Encoder Data Set switchover after start-up)

e The compensation is then applied to the torque-generating current setpoint. It
is only effective if neither current nor voltage limiting intervenes and the
frequency is not higher than the current controller bandwidth

For detailed information and boundary conditions see SINAMICS S120 Function
Manual Drive Functions

https://support.industry.siemens.com/cs/ww/en/view/109754299
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10.7 Further pre-control types

Dependent on the use case, some additional pre-control types can be useful:

Tension torque pre-control

Pre-control of the required torque (mostly constant) to maintain a specified web
tension (paper, foil, cable, etc.)

Cutting torque pre-control

Pre-control of the required torque to cut/deform a material (e.g. cross cutter,
servo press, etc.)

Torque which is required for a defined movement of a kinematic

The handling toolbox provides a library which calculates the required torque for
different kind of kinematics for the involved motors.

There are the following advantages of pre-control:
e The accuracy of the path movement gets improved
e The mechanics are protected due to smoother controller settings
e The peak motor torque is getting reduced

For additional information see:
https://support.industry.siemens.com/cs/ww/en/view/109747826
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11

Mechanically coupled axes

This must be distinguished into two cases:
e Axes/motors which are connected through a product (e.g. paper web)

e Axes/motors which are connected to the same mechanics through a fix
coupling (e.g. delta-picker)

Axes coupled through a product

In this first case, the axes are more or less independent from each other and thus
shall be optimized separately from each other.

However, for special use cases (high dynamic interaction between axes in the
system) a so-called dynamic compensation or dynamic response adaption can
be done after the single optimization of the axes.

A use-case is a material web which is getting accelerated by several axes. If those
axes have a different dynamic response, the web tension between the segments
would not be constant.

Background:
Different axes in the machine often have different mechanics. Therefore, the speed
controller and position controller optimization of these axes can be quite different.

The result of this: one axis is more dynamic as another one.

To activate the dynamic compensation, use the expert list of a specific axis
(Configuration data: “DynamicComp”) or set the checkbox “Dynamic response
filter” in the closed-loop control menu.

More dynamic axes can be delayed to less dynamics axes through a PT2 filter.

Axes coupled through fix mechanic

NOTE

Motors which are driving one mechanic together (e.g. gantry, delta picker, ...)
should be optimized together — if possible. This avoids other motors from creating
an additional load.

In general, with the onboard measuring functions, only one motor can be excited
by the measuring function at the same time.

However, the so-called "free measuring function" described in 16.3 Measuring
functions during program runtime provides remedy. The axes can be moved
together via the user program, while the measuring signal (noise signal) is
superimposed on one of the axes via the free measuring function.

The offset speed in the measuring function must be set to 0.0!
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Alternatively, to the free measuring function:

Many kinematic systems have one master motor, which has a position-controlled
axis TO in SIMOTION and several slave motors which get the speed setpoint (r62)
provided from the master on SINAMICS side.

That means, if the master motor gets excited by the measuring function, the same
noise signal is also forwarded to the slave motors. For this, the user has to ensure
that the slave motors are getting enabled together with the master motor (e.qg.
connecting the control bits in the expert list).

NOTE This procedure is only possible, if all the involved motors are located on the
same CU. Otherwise the motors have to be optimized independently of each
other. In this case the inactive motors act as an additional load for the motor
being optimized.

Usually the controller settings can be copied from one motor to the others, since
the mechanical system is the same (motor, coupling and mechanics).

NOTE The handling toolbox provides a library which uses dynamic models of the
different kinematics for calculation of necessary torques to drive a defined path.
Following, the calculated torque is used for pre-control in the control loop. In this
way the workload of the speed control loop command response can be reduced.

For detailed information see chapter 10.7 Further pre-control types
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12

Torque motors

Basically, the optimization of torque motors follows the same principles described
above in this document. However, dependent on the type and mounting of the
motor, additional steps should be checked/performed in advance.

Torque motors often are so-called component motors, which means the three parts
stator, rotor and encoder are assembled on site. Therefore, a special attention
must be paid to the motor encoder.

Checking the rotation direction

NOTE

It is recommended, to check the rotational directions of motor and encoder before
starting. By default, the direction of the motor is clockwise. This means, if you look
on the face side of the motor output shaft, a clockwise rotation corresponds to

positive speed.

Prepare a trace with r63 (= actual speed smoothed) of the drive, which direction
you want to check. Rotate the motor output shaft (if possible just mechanically)
clockwise. r63 should return positive values. In case you receive positive values,
the rotational directions match and you can continue with the encoder adjustment.
If you receive negative values, the encoder actual value must be inverted. You can
do this by changing p410.

Always invert (or do not invert) p410.0 and p410.1 together. Both parameters
should have the same value!

Encoder adjustment

The function determines the angular commutation offset and writes it in p0431
(angular commutation offset: angular difference between electrical position of
encoder and flux position).

To execute the encoder adjustment, navigate in the project tree to the desired drive
to "Commissioning" > "stationary/turning measurement". Choose "encoder
adjustment" as measuring type:
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NOTE

NOTE

Figure 12-1

Meas. type:

[

| Encoder adjustment j Mext measurement

The following parameters have to be configured before the measurement:

Parameter | + |Parameter text Value Unit o
p1950[0] PolD technicjue [1] Saturation-ba:

1951 [0] PolD distance max a0 ° E
p325[0] Mator pole position identification current 1st phase 0675 Arms
p329[0] Mator pole position identification current 5.00 Arms
p1993[0] PolD maotion-based current 4.00 Aring
p1994[0] PolD maotion-hased rise time 100 ms

11 935]0] PolD motion-based gain 50373 Mmsitad | -

Status:

For p1980[0] PolID technique choose [1] Saturation-based 1st harmonics.

Activate the measurement with the button and enable the drive (e.g. via control
panel). The angular commutation offset will be determined.

If the measurement fails, the phases of the motor might be connected wrong.
Therefore, check if the phases of the motor are connected properly (U-V-W to U-
V-W).

Refer also to chapter 5 Mot-ID (Motor-Identification) especially when using third-
party motors.

Controller optimization

NOTE

In the next step, current, speed and position controller can be optimized like
described in the chapters above.

For third party motors the current controller adaption should be activated.

Refer to chapter 9.1 Current controller adaption

For SIEMENS motors it is already active.

Position controller setpoint frequency response

Due to the high stiffness and small damping, it can be necessary to reduce the
measuring amplitude. This is especially necessary, if the gain factor is very high
due to high load inertia.

It might be necessary to decrease the measuring amplitude stepwise with
increasing gain factor. The need can be recognized on a noisy signal or no
reaction to parameter changes of the gain factor.

The following example shows the position controller frequency response recorded
with different measuring amplitudes, 0,1 (orange) and 0,001 (cyan). Both
measurements were recorded with the same position controller gain.

In this example there is a risk, the gain is set too high, because the frequency
response (orange) does not show the desired behavior (cyan).
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Figure 12-2 Position controller setpoint frequency response with different amplitudes

s
. i
o "“l‘ q‘ﬁ-,]w"n",pq,-ﬂ,wm“m ? }M

Encoder actual value smoothing

Dependent on the type of motor encoder, it might be necessary to smooth the
actual value with a PT1 filter. For this, expert list parameter p1441 can be used. A
suitable filter time could be 2-3ms. This value must be adapted to the respective
circumstances
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13

One Button Tuning & Automatic Servo
Tuning with S120

13.1 One-Button-Tuning (OBT)

The speed controller and position controller of a drive can be automatically tuned

with the "One button tuning" function. With OBT, the mechanical drive train is

measured using short test signals. In this way, the controller parameters can be
adapted optimally to the existing mechanical system.

This is a drive-internal function. Therefore, no external engineering tool is required.

OBT can be started via drive parameter in the expert list using an engineering

system or writing the respective parameter via acyclic write commands during

program runtime. For instance, with a button on a user HMI.

OBT can be selected with the parameter p5300 and will be executed with the next

enable of the drive.

OBT configuration:

With the parameter p5301 and p5271 single functions of the OBT can be selected

or deselected:

- Determination of Kp and Tn of the speed controller

- Setting the current setpoint filters

- Setting of the speed controller reference model

- Determination Kv of the position controller (displayed in expert list r5276)

- Determination of the load inertia and thus activation of the torque pre-control
(at the position controller or at the speed controller, depending on the control
mode of the axis)

- Activating the speed pre-control at the position controller

- Determination of position controller pre-control symmetrization time constant
(displayed in expert list r5277)

- Determination of zero and pole frequencies (displayed in expert list r5294,
r5295)

NOTICE Dependent on the setting in p5301, the axis accelerates with high

dynamics. Be careful with mechanics connected to the motor!

Traversing distance:

The maximum traversing distance during the measurement can be limited using

the parameter p5308.

Dynamic factor:
With the dynamic factor in p5292 the calculated P gain can be influenced.

Notice: If the value is too big, the control loop might be instable!
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Position control gain:

If position control is implemented using a higher-level control system, the values
can be taken over from r5276 and r5277.

NOTE The value displayed in r5276 corresponds to the theoretically maximum possible
position controller gain.

The value can be directly used for the E-Pos.

For SIMOTION, the value must be multiplied by the factor 16.66 (see chapter
8.2).

Boundary conditions:

OBT is basically designed for feed drives / positioning axes. OBT is less suitable
for mechanics with extremely high load inertia conditions.

NOTE For detailed information see SINAMICS S120 Function Manual Drive Functions

https://support.industry.siemens.com/cs/ww/en/view/109754299

NOTE Due to several advantages the OBT is preferred compared to Automatic Servo
Tuning!
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13.2 Automatic Servo Tuning

The Automatic Servo Tuning is available for S120 drives in STARTER/SCOUT as
well as in TIA Portal/Startdrive.

Speed controller

In SCOUT/STARTER, press the button |ﬁ| to start the automatic controller
setting. In TIA Portal/Startdrive go to the window "Commissioning" -> "Automatic
Servo Tuning".

Features of the automatic controller setting:

e System identification using FFT analysis
e Automatic setting of current setpoint filters, e.g. for damping resonances
e Automatic setting of the controller (gain factor Kp, integral time Tn)

Attention The automatic controller stetting sets current setpoint filters with endless
notch depth. In this way the phase tilt is much bigger compared to a finite
notch depth of manual tuning.

Note To improve the result of the automatic controller setting fit the notch depth to a
proper (endless) value.

Position controller

Just as automatic controller setting of the speed controller, there is the possibility to
optimize the position controller automatically.

To start the automatic controller setting in SCOUT, press the button

B Regeenstebng. | e closed-loop control menu of a specific axis.
In TIA Portal go to TO menu "commissioning" -> "Tuning".

Attention Only the proportional gain factor Kv will be optimized!

Speed pre-control and balancing are not set.
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14 Optimization in TIA Portal/Startdrive

There are no frequency-based measuring functions available in TIA
Portal/Startdrive.

S120 drives can be optimized with Automatic Servo Tuning using the Startdrive
wizards or with One-Button-Tuning.

For more details see chapter One Button Tuning & Automatic Servo Tuning with

S120
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15 Optimization of other drives

15.1 Vo0

V90 drives are being configured and optimized using V-Assistant. Therefore two

modes are available:
e One-Button-Tuning
¢ Real-time auto tuning

Figure 15-1 V-Assistant tuning menu

SIEMENS SINAMICS NT - default prj
Project Edit Switch Tools Help
GRHE| XRS5 aC|EDs|?
Task Navigation Sp mode
‘ Tuning parame‘[ers’ One hutton auto tuning | Real time auto tumngr
Select drive =
Dynarnic factors 18 £ | Response level adjusted by user

» Set PROFINET ||"|““|“IIII.I1

» Parameterize
Test signal configuration

A
(o 1
~ Commission i Position amplitude(angle) p29027
| ole
i
i : 1

Note: If the current motor is equipped |
- o with an incremental TTL 2500 ppr

» Diagnostics encoder, when one button auto
tuning starts, it may have a maximum
rotation of + 2 revolutions

] Tuning period p29026
! 2000, M3

Enable one button auto tuning Servo on

Advanced settings |

With One-Button-Tuning, the drive will be optimized during an exclusively triggered

measurement/traversing.

In contrary, the real-time auto tuning optimizes the drive during a movement
triggered by a higher-level controller (e.g. PLC). The function remains active the
whole time and adapts the controller parameter continuously, if necessary.

The user can influence the tuning result with a dynamic factor dependent on the
mechanical situation (e.g. stiffness). Higher dynamic factor means higher tracking

ability and shorter settling time but also higher possibility of resonance.

NOTE In the "Diagnostics" menu, the user can analyze the control loop using frequency
responses like known from STARTER/SCOUT. A manual tuning is possible.

NOTE For detailed information see SINAMICS V90 PROFINET, SIMOTICS S-1FL6

Operating Instructions
https://support.industry.siemens.com/cs/ww/en/view/109757719
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15.2 S210

S210 drives are being configured and optimized using the integrated web server.

Figure 15-2 Web server OBT menu

Commissioning w > Tuning w
One Button Tuning
Dynamic settings
L) =
‘ Conservative
Take = Standard
Control
Dynamic
P Machine property
Parameter name Current value Previous value
Speed controller P gain 0.0097 Nms/rad
Speed controller integral time 10.00 ms
p About One Button Tuning o

One Button Tuning optimizes the drive based on the selected dynamic response
setting:
e "Conservative™
60 % speed control dynamic performance without pre-control
e "Standard™
80 % speed control dynamic performance with torque pre-control
e "Dynamic":
100 % speed control dynamic performance with fast torque pre-control

NOTE If the machine vibrates or creates humming noise at certain speeds after One-
Button-Tuning, then the dynamic response setting is too high. In this case, select
a lower dynamic response and repeat the One-Button-Tuning.

NOTE For detailed information see SINAMICS S210/SIMOTICS S-1FK2

https://support.industry.siemens.com/cs/ww/en/view/109760645

Drive Optimization Guide
Entry-ID: 60593549, V2.1, 05/2019 85


https://support.industry.siemens.com/cs/ww/en/view/109760645

16 Further Optimization Methods

© Siemens AG 2019 All rights reserved

16 Further Optimization Methods

16.1 Current controller setpoint jump

Alternative to the Current controller setpoint frequency response, the current
controller can be inspected/optimized by a setpoint jump (time domain).

The optimization with a setpoint jump is applied because in a setpoint jump many
frequency components are included. To "get to know" the system which should be
controlled, as many frequencies as possible must be stimulated to see which of
these frequencies could later excite vibrations.

Measuring function: Current controller setpoint jump (after current setpoint
filter)

Figure 16-1 current controller setpoint jump
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As you can see in the figure, there is a very high rise time.
Furthermore, the system deviation is too high.

- raise proportional gain factor Kp

Attention Pay attention to the same scaling of the curves!
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Figure 16-2 current controller setpoint jump
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The result of raising Kp is a smaller system deviation and a quicker rise time.

For elimination of the persistent system deviation, the integral component of the
control loop has to be activated.

- reduce integral time

Figure 16-3 current controller setpoint jump (Measuring time: 10ms)
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No more persistent system deviation.
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Figure 16-4 measuring time: 100ms
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If you continue raising the proportional gain factor, the current controller reacts
faster. At the same time the overshoot increases.

Figure 16-5 current controller setpoint jump (measuring time: 10ms)
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Attention Overshoot not bigger than 14%!

Note Current controller setpoint jump also can be used for Kp-adaption with third-party
drives.
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16.2

Speed controller setpoint jump

Alternatively to the speed controller frequency response, the speed controller can
be optimized with a setpoint jump (time domain).

The optimization with a setpoint jump is applied because in a setpoint jump many
frequency components are included. To "get to know" the system which should be
controlled, as many frequencies as possible must be stimulated to see which of
these frequencies could later excite vibrations.

The goal is to achieve a short rise time with no or small overshooting.
Figure 16-6 speed controller setpoint jump

_— —
J[ Measuring function inactive (@MICS_Integralad ) j Assume control priority! I .].l h] ll

Measuring function ] Measurementsl Time diagram' FFT diagram| Bode diagraml

—

e
Measuring functions Speed controller setpoint jump (after speed setpoint filter) )

Drive: IAntlieb_1 e | I Repeated measurement

|%|® |8 |

Settling time: S T\_
Amplitude: 50.00 rpm
lI‘(;] Dffset: 20.00 rpm = = i ________ —
iI Ramp-up time: 100.000 ms -
: Measuring time: 100.000
Max. measuring time: 341,125 ms 1‘
[T Walues in %
Measuring function: Speed controller setpoint jump (after speed setpoint
filter)
Settling time: to reduce oscillations caused by ramp-up
Amplitude: defines the height of the jump
Offset: basic-speed (otherwise jump from standstill)
Ramp-up time: ramp-up time to the adjusted offset

The following trace shows the result of an undersized proportional gain factor:
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Figure 16-7 speed controller setpoint jump
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The rise time and the system deviation are too high.

The red curve shows the speed setpoint [r62], the blue curve the actual speed
[r61]. The green curve represents the torque actual value [r80].

Attention Pay attention to the same scaling of the curves!

Tracing the torque actual value is not required mandatorily, however it should be
noticed.

The parameters r1538 and r1539 in the expert list show the positive and negative
torque limit. Do not exceed these values at any time.

Note Keep a reserve of ca. 10% to the torque limit values to consider machine run in
in the course of time.

- raise proportional gain factor Kp
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Figure 16-8 speed controller setpoint jump
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The result of raising Kp is a smaller system deviation and a quicker rise time.

For elimination of the persistent system deviation, the integral component of the
control loop has to be activated.

- reduce integral time

Figure 16-9 optimized speed controller

{éintrieb_1.162: Drehzahlsollwert nach Filter
Antrieb; 1.180: Direhmoméntistwert
 Antrieb: 1.161: D)

T T U T T T T T T T T 1
0 10 20 30 40 50 60 70 80 0 100 110 120 130 140 150 160 170 180 180 200
NS’

Symmetric optimum: One-time overshoot up to 43%

Attention Not in all applications an overshoot of the actual speed is acceptable!
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In the following trace the speed controller proportional gain factor is too high:

Figure 16-10 Kp too high — oscillating actual value

g2~ B S R R FEEH e TR R R T AR RS pREET VT "~ Btiieb 1762 Diehzahlsolwert Hach Fiter

The oscillating actual speed is an indication of a too high proportional gain factor.
The control loop is unstable.

- reduce Kp!
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16.3 Measuring functions during program runtime

The previously introduced optimization methods are based on measurements

which have been recorded during "dry run". That means, the axis was free in
movement, without any contact to material or product or any other part of the

mechanics.

For most cases this is sufficient. However, in some cases it might be useful or even
mandatory to perform measurements for drive optimization during machine
runtime, while the machine is producing.

For example, another passive axis is in contact with the driven axis (e.qg. printing

cylinder and passive impression cylinder).

The following described measuring functions add a noise signal to the basic motion

of a higher prior controller.

16.3.1 Speed Controlled System

The following settings must be made:

Figure 16-11 Settings for measurement of the speed controlled system

Measuring function set up |S‘INAMICS_Int_SIave j Assume Control Priority I | ‘ B | |
Measzuring function | Measurements | Time diagram | FFT diagram | Bode diagram |
O Measuring functio@ction [without master contral] / j
Drive: |Drive_HA_Load J I Repeated measurement
Settling periods: 1 >
A0 1 2
Arnplitude: 5.000 %
- p—
& Offset: 0.000 % — ; L 1 _ |u L
Ramp-up time: 0.000 ms — | -
? Pup S L= L L™ L 1™
Measuring time: E115.000 ms
Measuring periods: 20 0 1 2
Bandwidth: 4000.000-+ Hz I
Ho ve| Signal Comment
1 |v| |Drive_RaA_PC_01.r&1[0] o= Drive _Ra_PC_01 r51[0] Actual speed unsmaoothed, Encoder 1
2 : Drive_RA_PC_01.r62 o= Drive_Ra_PC_01 162 Speed setpoirt after the fitter \
3 Z Drive_Ra&_PC_01.r50 || Drive_RA_PC_01.r80; Torgue actual value /
a —
Z Tranzter($3;51) =|| Transfer($3;%1): speed controlled system

Noize generat

Scaling of the amplitude

(000000 % — 0% Il
[10000000 % — de— 1 )00/ |
B | o000
[ B 0000000 %
[ | [ioooooon %
Device selection: Select the device on which the drive you want to

measure is located (e.g. SINAMICS _Integrated).

Measuring function: “Free measuring function”
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Signals:

Amplitude:

Offset:
Measuring periods:

Bandwidth:

- 61 Actual speed

- r80 Actual torque

- Transfer function (r80;r61)

ca. 3% - 5% of reference torque (Default-settings)

- Too big amplitude may affect the measuring result
negatively! (Limitations can be reached)

- Check sound during measurement: audible but not
abnormal

not necessary, since basic motion already active!
ca. 20

- More measuring periods increases the accuracy
(averaging)

- Affects the measuring time (shorten dependent on
bandwidth)

4000Hz

-> Distribution of the measuring points about the
frequency range

The location where the noise signal is added has to be selected below "noise

generator”.

NOTE It is essential to ensure that the noise signal is applied to the additional torque

input p1531.

Parameter p1160 (speed setpoint 2) must be scaled with 0%!

NOTE It is important to adjust the amplitude level to the frequency response to be
measured. In particular, when the speed controller setpoint frequency response
is recorded after the sped controlled system.

The amplitude represents in one case a torque, in the other case a speed!
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16.3.2 Speed Controller Setpoint Frequency Response

The following settings must be made:

Figure 16-12 Settings for measurement of the speed controller setpoint frequency response

Measuring function set up

|SINAMICS_Int_SIa\.-'e j Assurne Control Priority | | | B | |

Measuring function | Measurements | Time diagram | FFT diagram | Bode diagram |

O Measuring functi@ction [withaut master cantral) /> ~|

Crrive: |Drive_F|A_Load J I” Repeated measurement

Settling periods: 1

Amplitude: 0100 % A
i) Offset: 0.000 3 — ; ___"l___ —|I:|» -

0 1 2

o

R amp-up time: 0.000 ms — | -
> Ea AL L™ L L ™ Bt
Meazuring time: B115.000 ms
Meazuring periods: 20 0 1 2
Bandwidth: 4000.000-+ Hz =3
H ctiv Signal Comment
2 Z Drive_R&_PC_01 162 || Drive_RA_PC_01 r62: Speed setpaint after the fiter
| : Drive_R&_PC_01 130 == Drive_R&_PC_01.r80: Torgue actual value \
4 ] = /
5 Transfer($3;51) || Transter($3,%1) speed cortrolled system
k\_ Transfer($2,%1) || Transtfer(§2,$1) speed cortroller setpoirt frequen/c:y,:esﬁce

Moize ge

Scaling of the amplitude

| Drive_Ra_PC_01, p1160[0L, CI: Speed oo [

tive_RaA_PC_07, p1513[0]. CI: Supplem

[100.00000 % < 100090 !
[000000 3 C— 0% !!
[ 3 [100.00000 %

[ 3 | 100.00000

Device selection:

Measuring function:
Signals:

Amplitude:

Offset:
Measuring periods:
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[ 3 | 100.00000

Select the device on which the drive you want to
measure is located (e.g. SINAMICS_Integrated).

“Free measuring function"

- r61 Actual speed

- r62 Speed setpoint

- Transfer function (r62;r61)

approx. 0.1% (the unit can be changed to 1/min with the
checkbox "values in %"

-> Too big amplitude may affect the measuring result
negatively! (Limitations can be reached)

- Check sound during measurement: audible but not
abnormal

not necessary, since basic motion already active!
ca. 20

- More measuring periods increases the accuracy
(averaging)

- Affects the measuring time (shorten dependent on
bandwidth)
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Bandwidth: 4000Hz

- Distribution of the measuring points about the
frequency range

The location where the noise signal is added has to be selected below "noise
generator".

NOTE It is essential to ensure that the noise signal is applied to the speed setpoint 2
input p1160.

Parameter p1531 (additional torque) must be scaled with 0%!

NOTE It is important to adjust the amplitude level to the frequency response to be
measured. In particular, when the speed controller setpoint frequency response
is recorded after the sped controlled system.

The amplitude represents in one case a torque, in the other case a speed!
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16.4 Inverse filtering of locked rotor frequency

Attention The following described methods should only be applied by experienced
users!

Figure 16-13Filter settings

Setting a filter on the locked rotor frequency, - curentsetpoint fiter 3
which causes an amplitude- and phase Filter effective [V
amplification, can improve the characteristic || #ct fitertipe: | Low-pass PT2
angular frequency and therefore the dynamic of
the control loop.

~ Filter settings

IGeneraI filter 2nd order

_v_] Accept |
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i Filter p
To parameterize such a filter, choose filter type Numerator frequency  |160.0 Hz
“band'Stop,’ first. Numerator damping |1.UUU
The notch frequency is the value of the locked Deneminator frequency  |150.0 Hz

rotor frequency. Set bandwidth and notch depth
corresponding to characteristics of locked rotor
frequency.

Denominator damping |0.352

Amplitude response

After setting these values, change the filter
type to ,,General filter 2nd order*.

The new filter parameters are taken
automatically. 1

To complete the parameterization, raise the
numerator damping till vertical exaggeration of
magnitude and phase is noticeable.

10 100 1000
Phase response

If required, numerator frequency, denominator
frequency and denominator can also be
adapted.
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The following traces show the speed controller open (top) and closed control loop
(bottom) with and without filter.

Proportional gain factor Kp = 1.0 for both measurements.

Figure 16-14 open control loop with filter (blue) and without filter (green)
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Figure 16-15 closed control loop with filter (red) and without filter (orange)
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In both traces, the active filter is identified by a better damping of the locked rotor
frequency.

Furthermore, the controller bandwidth could be increased (in this case ca. 30%).
- The control loop is more dynamic.
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16.5

NOTE

Phase shift filter

While band-stop filters are usually set directly on a resonance frequency in order to
dampen the amplitude (generate amplitude reserve), one can use a band-stop filter
as a so-called "phase shift filter" as well.

In this case, the filter frequency is set slightly in front of the resonance frequency.
The band-stop filter raises the phase behind the filter frequency. The goal is to
"push” phase underneath the resonance frequency, because there is too less
phase given by the control system. The resonant frequency is thus not actively
damped, but the control system gets more phase provided so that it can dampen
the resonance by itself.

This type of filter can be used if the "normal" band-stop filter, which is intended to
dampen a strong resonance peak in amplitude, would have to have a very large
notch depth in order to fully dampen the resonance, and thus cost a lot of phase.
At this point, the phase shift filter with a smaller notch depth can provide phase to
the controlled system.

Same as a "normal” band-stop, the phase shift filter costs phase in front of the filter
frequency as well. However, since this type of filter can be parameterized with less
notch depth, the phase loss is lower compared to the standard band-stop filter.

Without a filter, the open-loop speed control circuit (Figure 16-16) shows the semi-
stable amplitude curve (no amplitude margin, where the phase already reaches -
180 °). The phase tilts at 400Hz. The control loop would be not stable enough
without band-stop.

With the phase shift filter, the bandwidth could be increased by about 100Hz. It
leads to stability and good closed loop damping.

In this case it would even be possible to increase the gain by about 50%.

The phase shift filter used in this case has a filter frequency of 260 Hz, a bandwidth
of 700 Hz and a notch depth of -10 dB.

Despite the advantages shown, the filter should be used with care. In case the
resonant frequency would move unfavorably - due to mechanical changes (e.qg.,
wear, shrinkage of bearings, etc.), this can lead to instability in the worst case.
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Figure 16-16 Open speed control loop
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Figure 16-17 Closed speed control loop
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16 Further Optimization Methods

16.6 PT1 Low-pass

The default current setpoint filter (low pass PT2) with 70% attenuation (0.7) can be
used when many resonance frequencies need to be damped.

At a filter frequency of 200Hz for instance, the amplitude falls off with 40dB /
decade starting from 200Hz. However, it has the disadvantage that it costs
relatively much phase (the phase tilts to -180 °).

If this is too much, for example because the resonances are not so pronounced,
you can also generate a PT1 low-pass filter by parameterization.

To obtain the same filter frequency with a PT1, the characteristic frequency must
be set to 2000Hz and the damping to 500% (5).

With this parameterization, the phase also falls off starting from 200Hz, but only
with 20dB / decade. The phase only rotates to -90 °.
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17 Appendix

17
17.1

Industry On

Appendix

Service and support

line Support
Do you have any questions or need assistance?

Siemens Industry Online Support offers round the clock access to our entire
service and support know-how and portfolio.

The Industry Online Support is the central address for information about our
products, solutions and services.

Product information, manuals, downloads, FAQs, application examples and videos
— all information is accessible with just a few mouse clicks:
https://support.industry.siemens.com/

Technical Support

The Technical Support of Siemens Industry provides you fast and competent
support regarding all technical queries with numerous tailor-made offers

— ranging from basic support to individual support contracts. You send queries to
Technical Support via Web form:

www.siemens.com/industry/supportrequest

SITRAIN - Training for Industry

With our globally available training courses for our products and solutions, we help
you achieve with practical experience, innovative learning methods and a concept
that’s tailored to the customer’s specific needs.

For more information on our offered trainings and courses, as well as their
locations and dates, refer to:
WWw.siemens.com/sitrain

Service offer

Our range of services includes the following:
e Plant data services

e Spare parts services

e Repair services

e On-site and maintenance services

e Retrofitting and modernization services
e Service programs and contracts

You can find detailed information on our range of services in the service catalog:
https://support.industry.siemens.com/cs/sc

Industry Online Support app

You will receive optimum support wherever you are with the "Siemens Industry
Online Support" app. The app is available for Apple iOS, Android and Windows
Phone:

https://support.industry.siemens.com/cs/ww/en/sc/2067
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17.2 Application Support

Siemens AG

Digital Factory Division
Factory Automation
Production Machines

DF FA PMA APC
Frauenauracher Str. 80
91056 Erlangen, Germany

mailto: tech.team.motioncontrol@siemens.com

17.3 Links and literature
Table 17-1

Topic

\1\ Siemens Industry Online Support
https://support.industry.siemens.com

\2\ Download page of the article
https://support.industry.siemens.com/cs/ww/en/view/60593549

\3\ SINAMICS S120 Function Manual Drive Functions
https://support.industry.siemens.com/cs/ww/en/view/109754299

\4\ SINAMICS V90 PROFINET, SIMOTICS S-1FL6 Operating Instructions
https://support.industry.siemens.com/cs/ww/en/view/109757719

\5\ SINAMICS S210/SIMOTICS S-1FK2
https://support.industry.siemens.com/cs/ww/en/view/109760645

\6\ SINAMICS S120/S150: Requirements placed on third-party motors
https://support.industry.siemens.com/cs/ww/en/view/79690594

\7\ Elektrische Vorschubantriebe in der Automatisierungs-technik
Author: G. Wiegartner, H. Grof3, J. Hamann
Publicis Corporate Publishing, 2006
ISBN: 978-3-89578-278-7

17.4 Change documentation

Table 17-2
Version Date Modifications
V1.0 06/2012 First version
V11 11/2012 Minor updates
V2.0 03/2019 New and revised content
V2.1 05/2019 Error correction
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