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1. About Rockwell Automation
2022

Rockwell Automation completes the
acquisition of Cubic, a company that
specializes in modular systems for the
construction of electrical panels.

120 + YEARS OF HISTORY

1962 2019

Rockwell Automation and

Four-sided clock Schlumberger co-found Sensia as a

tower is first joint venture to overcome the ﬂ
illuminated in performance challenges of oil & gas
Milwaukee, WI. companies.

73 Rockwell
Aultomation

Rockwell Automation

2 0 2 0 purchases Knowledge Lens, a
I e 2 0 1 1 ) services and solutions provider that
" . Microsoft and Rockwell -
" \ 1985 2001 Rockwell Automation Automation expand its turns dataintouseful
[ ‘Q Rockwell Company renamed.to acquires Lektrgmx, a partnership to simplify Lr;t:ohrg?ggr;,s?g:db{ln;:‘?ed|ag|ta|
. Rockwell Automation.  leading industrial industrial transformation. o ' .
International® automation repairs cybersecurity software and'sgrwces
purchases the and services provider. company that focuses specifically
Allen-Bradley on industrial environments.
Company. n /\
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1969
Lynde Bradley, Dr. Stanton NASA chooses g Ot1|3 d-based Present
Allen and Harry Bradley fund Allen-Bradley Irsb'lc oud- aste Bringing The Connected
Rheostat Company and in components and n:o :;acc:s: o‘ 2 O 2 0 Enterprise®to Life.
1909, the company is 'I 9 2 3 went to the moon plan t :])or atavia Rockwell Automation
reincorporated as the Allen- with Apollo 11 smartphone. purchases Fiix Ins.,
Bradley® Company. Octagon logo debuts mission U Oylo, Kalypso and Avnet

as the Allen-Bradley

increasing its eco-system
- - brand trademark.

of acquisitions, industrial
automation repairs and
services.

2021

Rockwell Automation
purchases Plex System,
a cloud-native smart
manufacturing platform
operating at scale.

2016

Rockwell Automation
acquires Maverick

First Automation Fair Technologies, aleading
event in Philadelphia, systems integrator with
PA. expertise in key process
and batch applications.

1992




1. About Rockwell Automation

Rockwell Automation At A Glance
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1. About Rockwell Automation - selected products

PowerFlex®
Low Voltage Drives Medium Voltage Drives Programming & communication

Mgy

I

Standard

DeviceNet

ControlNet
ProfiNet

ProfiBus

PowerFlex 6000 & 7000
UL/IEC: 2.3kV - 11kV up to 680A

UL/IEC: 2.3kV - 6.6kV up to 720A

PowerFlex 755TS & 755TM
UL/IEC: 400/690 up to 4000A

LISTEM. ,
THINK . 6 ( Rockwell ( Rockwell

PUBLIC « Copyright ©2021 Rockwell Automation, Inc.

Aultomation Automation




1. About Rockwell Automation

Headquarters

Bringing The Connected Enterprise to life Production
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1. About Rockwell Automation

Poznaj Laureata Konkursu Fabryka Przysztosci 2022

Rockwell Automation

Katowice

https://przemyslprzyszlosci.gov.pl/rockwell-automation/

Rockwell Automation Katowice
Facility Wins Prestigious
Government Group’s Factory of the
Future Award

Katowice plant showcases the company’s own technology in action, with S il o
smart industry 4.0 operations supported by tight focus on employees and
customers. b
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2. Introduction - drive system

Mains supply Drive system power range
LV, MV 0.5kW - 20MW
Electrical l.
energy  EeesEEE

Electric motor

LV, MV Drive system

Rotational
mechanical energy

| | L) Rorlavel 7\ Rockwell
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2. Introduction - motor dyne

System losses AC/AC regen drive
Hefine sty ﬂ 1. Grid side actrive converter AFE
LV, MV 2. Motorside inverter

Electrical 1 .

energy
Power flow -
Torque and speed
sensor
Drive motor Load motor
Device Under Test (DU
1. Grid side six pulse :[[
converter

2. Motorside inverter

4 . A Rockwell -\ Rockwell
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2. Introduction - Laboratory tests vs. simulation

Laboratory tests Real time simulations

Advantages Disadvantages Advantages Disadvantages
» Real tested object * Time consuming test preparation » Real time simulated data * Virtual drive system
» Expensive dyne modifications (IM, PM, SRM) * Real control setup
- Safety, (HW & FW)
* Costly failtures
oo v () Romwel, @ Rl




3. Simulation setup - Hardware and software

. 3,{,%;{.{.5 "i"'f" .= =
-Wa-:-m ] HH

OP5700

2x16) - Analog inputs, MATLAB

2x16) - Analog outputs (+/-16V),

32 (
SZEZXSZ) Digital inputs, SIMULINK®

2x32) - Digital outputs.

LISTEN.

THINK. | | ug Rockwell ,Q Rockwell
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3. Simulation setup - general view "A Rockwell
Aulomalion

 Drive power stage
* Motors
* Mechanical coupling

MATLAB
SIMULINK

= - B e o ) ook RS
PWM P
% U interface nterface WL |9

PCB PCB
LISTEN.
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3. Simulation setup - power control hardware

DUT control
PF755TS | f - Dyne control
V/Hz 4kHz nterface PC PF755TS
FOC 4kHz

Speed control

=

Torque control

HiL simulator

4_
Virtual dyne model
DUT DYNE
Inverter + Motor 4 + ﬁ Motor + Inverter + AFE converter
MATLAB
SIMULINK®
LS KK | LA K K | A
Zlng)f K I | i s A A K I | SinCos
6xPWM T T BxPWM
lyvw & Ve fdbk ‘ luvw & Ve fdbk

LISTE IN.
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4. MATLAB/Simulink model

DPWM_CPU_REV2

Discrete - InitFen. . ... DPWM_init
T up s.
— Model Initialization
_." TD_mnSﬂlE Tﬂ_mnsﬂlﬂ
— P To_console_eHS To CPU | From_console To _console_eHS

SC_Console SM_eHS

. . -7\ Rockwell c 'y Rockwell
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4. MATLAB/Simulink model - CPU control console
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4. MATLAB/Simulink model - CPU model

Signals sent
from console

25us time step

s

From_corsoke

PUBLIC - Copyright ©2021 Rockwell Automation, Inc. 17

e
Board indes: O
Boand bypa: WOTOT
E 0=

B

HE i mode: Master
>t
e _—
4 PMIERL 4 WL, 2 SRM Modae
Musrants | 3 )
T s =
shige To_corachs_Wir_oHES
Moiars
e
...... ::I
Mr_duta] Wabc_DUT
........
o e
Wabc_AFE
“Hz
¥ Inpuls (2]
| DpCamm N - Maing N puts
T5=T up| <AFE_aal LE0
Limiter m
FE_CH
eHE Goni 4 0128
CroJdbDPWM_FPGA,_rovZsix Cutpuls {21) ] [ aH Sl
-------- @—'"“" B Time-Step: 455 ns {Min.: 455 ns|
fuxt_cly
Caiar Vg
z
|| Gates (7} To_canscie_gHS
W < AFE S
AFE_PWM_conera
"OpCut
[T
“PE_falts [N
DD contral
M < Bsnd_dlig=
Computation lime
1/0 o>y o e
Rzl overmuns e ]+ —————% 1 )
TEETE
E:: >—.r:=.|= To_console
contro L

L@ Rockwell
Aulfomaltion

Signals sent
to console

( Rockwell

Automation



4. MATLAB/Simulink model - CPU model

25us time step

Board lype: VCRIT
Eeard mate: Masser 105 [—*3

| =3
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4. MATLAB/Simulink model - FPGA model

Sig nalS JT_ w0z | e 2 - o o o [ : 'rzol-v_-lns'nc unsm_]s-._a & Sig nalS
sent from ) e | | e o2 L sent to

CPU CPU

450ns time step
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4. MATLAB/Simulink model - FPGA model

——Lb

Dyne AFE converter + Dyne drive
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4. MATLAB/Simulink model - motor model
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4. MATLAB/Simulink model - motor model

4 . "7\ Rockwell c '\ Rockwell
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5. HiL simulations tests - full motor load

DUT drive (open loop speed control) DUT dyne (close loop torque control)
PF765TS 20G...C030 PF755TS 206...C050
400/480V, 30/27A 400/480V, 30/27A

S

100/ 10.00ms/  -400 0Ous Auto ’ 35.0A Lk,

= 1 2045 2 2045 2045 100/ 10.00ms# Auto 1 0.3A by,

2047 2 204/

11:56 P

Oct 29, 2024

LISTEN.
. : -7\ Rockwell
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5. HiL simulations tests - full motor load

DUT drive (open loop speed control) DUT dyne (close loop torque control)
PF765TS 20G...C030 PF755TS 206...C050

400/480V, 30/27A 400/480V, 30/27A

100/ 10.00ms/  -400.0us Auto + 0 bk, _ 100%/ 10.00msf  -5.4%4ms Auto +

v

49.991Hz 47 954Hz
AC RMS - Cyc(1); AC RMS - Cye(1):
271264 [ » 25.762A

m /;;N 2 /n\ /\ A /“\ 1/0“;}715! -400 Ous f:}lm{ A\f' :S( : S0A b /\ ’r\ /\ A /\ /.\ J/\ "r\ l‘/-\ f e B76.35V

504/ 2 S04/ 200 200 10.00ms/  -400.0us Auto E |

Meas

50.001Hz
AC RMS - Cyc(1): 49.959Hz

.
17.1394 /\\ ﬂ\ /b\ AC RMS - Cyc(1);
Ay - FS(0); \/ \/ 31.232A
15 Bdmy
i a9 /’

e

Freq(1):

+ Coupling Impedance BV Limit
_ AC _ 1M 0 '

LISTEN.

THINK. o . 7\ Rockwell -7\ Rockwell
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5. HiL simulations tests - 50% speed,

DUT drive (open loop speed control) DUT dyne (close loop torque control)
PF765TS 20G...C030 PF755TS 206...C050

400/480V, 30/27A 400/480V, 30/27A

E 1 204/ 2 2047

100N 10.00msf 400 .0us Auto? 1 35.0A [

100/ 10.00ms/

LISTEN.
: -7\ Rockwell
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5. HiL simulations tests - full motor load

. Drive Examiner — O X @, Drive Examiner — O X
Divesise [ "ONLINE® | Dive St | |
Fiash Fimare P Addess Fiash Firare R V]| Decoment |
Powerp Reset | PowerFlex 755TS -HPCSeries | | Pause Background | R | PowerFlex 755TS -HPCSeries | | Pause Background |
Part Ir ion  Custom f f Grouped Parameters Fauts Aams Adv Status Trending  Reafime Clock  Manufactuing [ * | * | Part Ir ion  Custom F f Grouped F Faults Aams Adv Status Trending Reaftime Clock  Manufal * | * |
| Host Port 10: Metering -> 12 total | | Host Port 10: Metering -> 11 total |
Fi rd - Fe rd
Embedded ENET Al * Param  Mame Value Units Irntemal Val Data Ty O . - Position {Access =2) A || * Param  Name Value Units Intemal Val D L .
: () Reverse . Limits {Access = 2 : ; () Reverse
=2) " - Precharge (fccess = 2 -
Fault Response (Access = 2| Output Votage e e 358814 EI Spd Cmd{Hz) - Torque Ref (Access =2 _ 2| Outout Votage ' o |vAC 3599336 E Spd CmdiHz)
- 3| Output Curent 1606 1A 16.05594 - Communication - 3 | Ougput Cument < 17.4448
B 4| Outpee Power s fkw 6431151 - Control {Access =1) - 4| Outpue Power 2o [kw 7.811601
N 5| Qutput Pur Factr 063 0.6270915 ~ RunningTrg | (';"'35"5 (Access = 2) R 5| Qutout Por Factr 065 0.6456452 ~ AtReference
- - UWners -
- 8| Torgue Cur Fb -10.57 -10.56824 Drive State A081044F . User Datalink {Access - . 8 | Torgue Cur f& 11.28|A 11.28479 Drive State 2021054F
- 5| A cur 208 ]|A 12.08603 Run - FWD | . User Scaling (Access = || 5| fux cur 12.31]A 13.31013 Run - FWD - At Speed ‘
- 05H -» Universal Fdbk, “UFB-1pz | [+ 1| Motor Voksge 0.00 |VAC 1] Actual Spd (- Embedded ENET - 11 | Motor Vodage Fb 0.00 | VAC 0 Actual Spd
& 1;“; 'T“"“"" FV parameters - 13| 0C Bus Memory 687.1008 S:fsicmﬁg I E 13| OC Bus Memary 50222 |vDe 6043209
=1 Monitor - Datalinks {Access =
. < 1044 | potor ver ] 4944537 Ref Act HZ ok Pospors (oces ||| 1044 otor ver o 000 | He 50 Ref Act HZ
< | 1914 | vRef Commanded 0.00 |He 0 Freq. i HZ - Protection - | 1914 VRef Commanded 50.00| He 50 Freq. HZ
=l Dynamic Control - 2073 | Trg Commanded -50.00 (% B0 i Ground Fault (Access =
- Pan Vel Trg Mode (Acces Speed Ref Ovenmides (Access =2) Speed Ref
- Start Config {Access =2) 49 52 HZ B- D_iagnostics Hz
- Flying Start (Access = 1) - i Status
- StopDecel Corfig (Access DC Bus Fault/Alam Info DC Bus
I~ Protection - 04H -» Universal Fdblk, “UFB-1
-~ Motor Overoad (Access = 687.15 Volts - 07H -> /O Module 24V, “2262¢ 604.37 Volts
power o e <) Sl e ek vt fLu
&) Diagnostcs AMPS Digtal Otouts 1744 AMPS
- Status Mator PTC
- Fault/Alam Info thage Analog Inputs thage
e  Testports (Aocess = ) 368.82 VOLTS Analos Outouts 399.99 VOLTS
=l ncal Ictive Viain
- Motor Data (Access =1) =- 11_]H -» Induction VHz paramete
- Mtr Ctrl Config (Access = B Moritor
- Volts per Hertz (Access = i Metering
- Ind Mtr Config (Access =1 Drive Data
- |d Compensation (Access =) Dynamic Contral
[El- System - Pgn Vel Trg Mede {Aco
= - Start Config (Access =
System Ref (Access =2) - Flying Start (Access = 1
B F_eedback StopDecel Corfig (Acce
i Feedback Corfig (Access [El- Protection
Feedback Status - Matar Overload (Acces:
Spindle Crient (Access =~ Load Limits {Access = 1
i Roll Position (Access =1° -- Power Loss (Access =
- Position 1~ Diagnostics
Profiler Indexer (Access = Status
PTP Planner (Access = 1 - Fault/Alam Info
; PCam Planner (Access = w - Testpoints (Access =1 w
< > < > < > < >
Connecting to Drive at 15%2.1€5.1.115%5 Connecting to Drive at 15%2.1€3.1.11% |

: : . Rockwell 7% Rockwell
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6. Summary

e Virtual dyne model was built and tested,

e Simulation model will allow for test drives in speed and torque
control (HiL),

« AFE control algorithms can be testes (MilL).

4 . A Rockwell -7\ Rockwell
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