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Suggested Lab Sessions

Choppers: DC/ DC

Rectifiers:; AC/ DC

Two-level Inverters:; DC/ AC

Three-level Converter: DC/ AC & AC/ DC

Boost Chopper

Buck Chopper

Buck-Boost Chopper

Single-phase Diode-based Rectifier
Three-phase Diode-based Rectifier
Three-phase Thyristor-based Rectifier
Single-phase IGBT-based Inverter
Three-phase Two-level IGBT-based Inverter

Three-phase Three-level IGBT-based NPC
in Inverter and Rectifier Mode
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POWER ELECTRONICS

Features

= Scope:
Trigger, Memory,
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POWER ELECTRONICS

Features

= Scope:
Trigger, Memory,
y-scale & y-offset

= Varying AC Source
Voltage

= Selecting AC Source
Frequency: 50Hz/60
Hz

= Loads:
Resistive, Inductive
& Capacitive

Harmonic Analysis:
Online & Offline

OPAL-RT

TECHNOLDGIES

B
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Resistive Load |R= 165 Ohms
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Three-Phase Diode Bridge Rectifier Laboratory

Three-Phase

o Output Voltage (V) m Diode D1 Voltage (V) .
400+

350
is 300 R Ik
_MIAN Ay )
> V’ \v.” \/ Y
i Dy D; | Dy 250’ AV aVaVavalaVaVaVavaaVavatalavavay; | \
Vi w3k ¥ VY VYV VY VY VYV VY Y VY VY
€ c 3 200-
Vv Vs HA f
@ B § @_yscalefdivl 150 @_yscale/div3 8-
j‘ﬂ Vey ® N . 0 ]5 N
DK D, DK i \ "
lGﬂ'h’ 5- “)_40 5- J 4
17 50 1 5
0 I I I | | I I | | | 0~ |
0 5m Wm  15m  20m  2m  0m  ¥Bm  m Hm 50m 0 5m
Time (s)

Scope Parameters

Save File Data Acq.

4

g L
AC Source

Switch
50Hz e 60 Hz

Amplitude (V)
0 20 40 60 80 100 120 140 160

180 200

AC Source Va (V) m AC Source Vb (V) . AC Source Ve (V) m Output Voltage (V) m
400~

350
3001
2501

\‘«f"\vﬂ-\f’"‘\.t’\./'\.«’" VIOV VOV VTV VI VY

Trigger

-

@ yscale/div2 @_yscale/divd
15
0Dy . ) o,
N / ' Wi 11/ / 5 .20
-4 150 7 - -

J

,15_
17 5

140
THD AC current (%)

30.733

OPAL-RT

TECHNOLOGIES

=

HELP

Pre-Selected

Three Phase : Varying Resistive Load without smoothing capacitor ~ ~

¥ viode 01 curent (v [

Output Current (&)

, AL
Vo ‘." YOV Y \."’ '\-’{

30m

3Im  4m

Time (g)

AC Source ia (4) m AC Source ib (4) . AC Source ic (4) m




POWER ELECTRONICS

Features

. Scope:
Trigger, Memory,
y-scale & y-offset

=  Nameplate & Ratings

. Protection:
Fuse & Reset

=  Varying DC Source
Voltage

. Varying PWM Frequency
& Reference Amplitude
(Modulation)

=  Applying Dead-Time

=  Selecting Reference:
Frequency: 50/60 Hz

=  Varying AC Source:
Amplitude, Frequency
& Phase-shift

= LC-Filter

. Load Neutral:
Connect / Disconnect

. Harmonic Analysis:
Online & Offline

. Power & Fundamental
Computation:
Source, Inverter & Load
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Renewable Energy
Fundamentals Elec. Eng.
Motor Drives
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POWER ELECTRONICS

Features

. Scope:
Trigger, Memory,
y-scale & y-offset

. Nameplate & Ratings

. Protection:
Fuse & Reset

=  Varying DC Source
Voltage

=  Varying PWM Frequency
& Reference Amplitude

(Modulation)
=  Applying Dead-Time

=  Selecting Reference:
Frequency: 50/60 Hz

=  Varying AC Source:
Amplitude, Frequency
& Phase-shift

. LC-Filter

. Load Neutral:
Connect / Disconnect

=  Harmonic Analysis:
Online & Offline

. Power & Fundamental
Computation:

Source, Inverter & Load

Power Electronics
Electric Machines

Renewable Energy
Fundamentals Elec. Eng.
Motor Drives
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— TECHNOLOGIES Step 3: Observe Waveforms
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Three-Phase Two-Level Inverter

Adding LC Filter at the Inverter Output
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POWER ELECTRON |CS Renewable Energy Two-level Inverters "‘—- OPAL-RT

Features

. Scope:
Trigger, Memory,
y-scale & y-offset

. Nameplate & Ratings

. Protection:
Fuse & Reset

=  Varying DC Source
Voltage

=  Varying PWM Frequency
& Reference Amplitude
(Modulation)

=  Applying Dead-Time

=  Selecting Reference:
Frequency: 50/60 Hz

=  Varying AC Source:
Amplitude, Frequency
& Phase-shift

= LC-Filter

=  Harmonic Analysis:
Online & Offline

. Power & Fundamental
Computation:
Source, Inverter & Load

. Mode: Inverter & Rectifier

Fundamentals Elec. Eng. Three-level Converters =smmyl TECHNDOLOGIES
Motor Drives

‘ OPAL-RT Three-Phase Three-Level Neutral-Point Clamped Converter
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Scope:
Trigger, Memory,
y-scale & y-offset

Nameplate & Ratings

Protection:
Fuse & Reset

Varying DC Source
Voltage

Varying PWM Frequency
& Reference Amplitude
(Modulation)

Applying Dead-Time

Selecting Reference:
Frequency: 50/60 Hz

Varying AC Source:
Amplitude, Frequency
& Phase-shift
LC-Filter

Harmonic Analysis:
Online & Offline

Power & Fundamental
Computation:
Source, Inverter & Load

Mode: Inverter & Rectifier

POWER ELECTRONICS

Features
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Step 1: Select Scenario

Inverter Mode  LC Filter ~ Rectifier Mode

I,

Step 2: Change Parameters / Switch Buttons
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Two-level Inverters
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Three-level Converters =

Three-Phase Three-Level Neutral-Point Clamped Converter
Step 3: Observe Waveforms
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Power Electronics Synchronous Machine
Electric Machines Asynchronous Machine

ELECTRIC MACHINES Renewable Energy v OPAL-RT

Fundamentals Elec. Eng. =

Motor Drives

Suggested Lab Sessions

Parameters Identification
, Generator Mode Feeding Passive Load

Synchronous Machine .
Generator Mode Connected to Grid
Motor Mode
Faults and Recovery
Transformer and Frequency Converter
, Parameters Identification
Asynchronous Machine - -

Speed Control with Variable Voltage

Speed Control with Variable Resistance

Speed Control with Three-phase Inverter




Power Electronics Synchronous Machine

Electric Machines Asynchronous Machine OPAL-RT

Renewable Energy 3
ELECTRIC MACH IN ES Fundamentals Elec. Eng. % TEsEnNEaLaRIes

Motor Drives
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Power Electronics Synchronous Machine

Electric Machines Asynchronous Machine OPAL-RT
Renewable Energy 3
ELECTRIC MACH I N ES Fundamentals Elec. Eng. % TECHNDLOGIES

Motor Drives

Connection to Grid: Power Exchange, Internal angle limits, Motor & Generator Mode
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ELECTRIC MACHINES

E OPAL-RT

TECHMNOLOGIES
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ELECTRIC MACHINES

Features

. Scope:
Trigger, Memory,
y-scale & y-offset

. Nameplate & Ratings

. Protection:
Fuse & Reset

= Parameters
ldentification

»  Transformer &
Frequency Converter

. Motor Mode

=  Speed Control with:
Variable Resistor,
Variable Voltage &
Three-phase Inverter

. Selecting Frequency:
50/60 Hz

. Power Computation

Power Electronics
Electric Machines

Renewable Energy

Synchronous Machine
Asynchronous Machine
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ELECTRIC MACHINES

Power Electronics
Electric Machines

Synchronous Machine
Asynchronous Machine

Renewable Energy

BN OPAL-RT

Fundamentals Elec. Eng. =W TECHNDOLOGIES
Motor Drives
Transformer & Frequency Converter
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Suggested Lab Sessions

Grid Connected & Islanded

Battery Energy PV & PQ Modes
Storage

Interactive Help
Curtail & MPPT

Photovoltaic Setpoints: Irradiance, P & Q

Generation System .
Interactive Help

Rotor & Grid Sides Controllers: Back-to-Back Converter
Wind Turbine

: Setpoints: Wind speed, Id & Iq
Generation System

Interactive Help
All items cited above
Power Flow Computation

Micro Grid Microgrid Controller
Load: Critical, Partially/Fully Sheddable. Demand Response. 24-hour Profile
Interactive Help
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RENEWABLE ENERGY

Features

Scopes for waveforms'
display

Varying solar irradiance

Varying active power
reference

Varying reactive power
reference

Varying temperature
Curtail operation mode

Maximum power point
tracking (MPPT)
operation mode

Power flow computation

Interactive Help with live
displays of currents,
voltages, and power flow

Power Electronics
Electric Machines
Renewable Energy

Fundamentals Elec. Eng.
Motor Drives

OPAL-RT
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Battery Energy Storage
Photovoltaic Generation
Wind Turbine Generation
Microgrid
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RENEWABLE ENERGY

Features

I

Scopes for waveforms
display

Varying wind speed
Type 3 Wind Turbine

Doubly-Fed Induction
Generator (DFIG) with
rotor and grid sides
controllers

Back-to-back
converters

Varying reference
current Power flow
computation
Interactive Help with
live displays o
currents, voltages, and
power flow
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Transformer -688676 W 144452 V_PCC ph-N (V)
154 ki /25 kv oo
100 MVA, 60 Hz SRR VAr e o
B2 B3 Bb pCC
Grid —— {1 B
154 kv —-
& 1.21435E+6 W
Hz
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158 kv/5.7 kv st VAT L5MW. B0z
B Parid -
688353 Pgrid (W) Vr ph-N (V) Load
2301.68 AMa Capacitor bank 0.5244 MW
467100 Qgrid (VAY) 5 MVAr D.1669 MVAr
0.00330168 Ir (A)
32.7105 Pr (W) 1 144448 Ve ph-N (V) 144443 V_Load ph-N (V)
~1.67519E-17 Qr (VAR) 115.552 Ic (A) 127192 1 _Load (A)
OFIG 0526515 Ps {P'“"] Transformer
573V, 1.7 MVA 57525 kY
0.00767593 Qs (p-u) 2 VA, 60 Hz pee
Wind Speed | Wind |
Turhine 1
Wind Speed (m/s) 15 Forque (p.u.) RSC DC Link GSC
-1.08044 I Filter
Sl 1.02022 Pg(p.u)
L —
. /l\ ! i -0.977226 Qg (p.u.)
Pr (p.u.) 0.242585 | [ |
Qr (p.u) -8.17259E-19

WTGS Diagram

Battery Energy Storage
Photovoltaic Generation
Wind Turbine Generation

OPAL-RT

TECHNOLOGIES

L

1.28416E+6  P_WTGS (W)

-4.37464E+6 Q_WTGS (VAr)

Motes: 1-The Vabc and labe signals shown in the main interface
are measured at the low side voltage of the transformer right
before the Point of Common Coupling (PCC).

2- The active and reactive powers shown in the main
interface are computed at the PCC.

3- Iq references are set at zero.

4- Controlled Id_GS5C is the ratio of Id reference over the
Id nominal for the grid side controller. Similar definition applies
for the controlled |d_RSC.
RSC: Rotor Side Converter
GSC: Grid Side Converter




RENEWABLE ENERGY

Features of Microgrid Model
. Varying solar irradiance

. Varying wind speed

= Varying reactive power
reference

. Varying load demand

. Varying voltage reference

. Maximum power point tracking
(MPPT) operation mode

= Microgrid (uG) controller

- Varying Demand response

. Load shedding
. Power flow computation

. Two operation modes:
connected to grid and islanding

. Acquisition panels for
waveform’s display of the wind
turbine, PVGS and BESS

. 24-hours load, wind speed and
solar irradiance profiles to
automatically change varying
parameters

. Real scope feature: y-scale
divisions

uG testbench | HIL microgrid controller |

% OPAL-RT

TECHNOLOGIES

Wind speed(m/s) Wind Turbine 10 kW

20-
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10: 100-
H 315
5 75—
0- 5.0- I_WT (Vrms)

Main Grid Utility
120 kV, 2500 MVA

Power Electronics
Electric Machines
Renewable Energy
Fundamentals Elec. Eng.
Motor Drives

Microgrid

Battery Energy Storage
Photovoltaic Generation

Wind Turbine Generation

Real-time simulation of a Small Scaled Micro-Grid with a uG controller

Operation state  MPPT

P_WT (kW) v_WT (Vrms)

@ 24-Hours Solar, Load and Wind profiles
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In islanding mode modifying Qref or Vref value has no effect on the
output Q or V of the battery energy storage system (BESS).

L.
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PV Solar Array
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Load Control form uG controller
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FU N DAM ENTALS ELEC‘ ENG‘ Fﬁﬂzvavfne?,t;irﬁ/ec. Eng. | Single-phase Transformer -—-‘-""_- TECHNDOLOGIES
Motor Drives Three-phase Transformer
Topic Suggested Lab Sessions
Measurement & Instruments Scope

RMS, Max, Mean
Steady-state
Electric Circuits Instantaneous, Sinusoidal & Frequency Response
P, Q, Power Factor
Single-phase
Electric Engineering Three-phase: balanced & unbalanced

Power Factor Compensation

Single-phase Transformer Parameters Identification: no-load, short-circuit
Saturation

Three-phase Transformer Parameters ldentification: no-load, short-circuit
Saturation

Internal Connection: wye-delta, alpha-numeric code
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Disjoncteur : Commande B 001 -1.1 RMS 0.0 RMS 23m RMS 23.0m RMS 46.2
Thermigque
N I_n [A] Disjoncteur @ @ U ) 153.3 V] I 2.7m [A] Fondam RMS 0.0 Fondam RMS 2.3m Fondam RMS 23.0m Fondam RMS 46.2
. 16 9 i i i
¥ Magrﬁlque Reset 0.0 1 -1.1 [ Fondam Phi 0.0 Fondam Phi 1.6 Fondam Phi 53§ Fondam Phi 1.1
Therm
Mode Thermique @ Uo 1533 V] | 0 3.0m (4] THD 0.000 THD 0.000 THD 0.000 THD 0.000
Classe 10 > 10sa 7.2 * I_n T‘ - 00 11 — _08 I Fourrier ) 1 Fourrier 2} ] Fourrier E] ] Fourrier A 1
Sans. E E Harmanique : & Harmaonique ;3 Harmonique : & Harmanique : &
Mode Magnétique protection Fourrier RMS 0.0 Fourrier RMS 23m Fourrier RMS 23.0m Fourrier RMS A6.2
Z:24*1n T‘ @ Fourrier Phi 0.0 Fourrier Phi 16 Fourrier Phi 535 Fourrier Phi 1.1




Power Electronics Measurement Instruments

Electric Machines Electric Circuits OPAL-RT
R ble E Electrical Engineering 3
FUNDAMENTALS ELEC. ENG. R I8 Eng, | Sigle phse Dimmeforerer B cahrhoes

Motor Drives Three-phase Transformer

Réseau Disjoncteur Transformateurs
wver.1- 31 mars 2022 i i . -
Hammonigues 1,3.5.7 Thermigue + Magnetique ey
Z_1_Série _{_/ A ¥ ; . ~ ~
R [Chm] ¥_L [Ohm] ¥_C [Ohm] - '{Eé T f““ v v T :
1.0 10.0 2.7m Mesures . Mesures 111
;N B ] Rés » _— T~ @ Rés Z 1
1.0 10.0 2.7 ! ) )
m J:_ D =] -}
T
1.0 10.0 2.7m . ~ <
Z 1 Parallele @ 0T
R [Chm] ¥_L [Ohm] ¥_C [Ohm] = =
10.0 30.0 2.7TM
Charges passives
10.0 20.0 2.7M 2_1 =Z 1_Série + Z_1_Paralléle 2_2 =7_2 Série + Z_2_Paralidle
 — —— [ ®
10.0 30.0 2.7M - | _— - | — = 1
byl - f i —ul
s Mes:ures Mes:ures =
Z_2_Serie T—h Rés Z 2 | — RésZ N
R [Chm] ¥_L [Ohm] ¥_C [Ohm] :I—_—| I T :I—-—| i L
—] — Oscilloscope 4 voies
1.0u 377.0n 2.7m r
L — B oy -~
1.0u 377.0n 2.7m —
- | —-— - | — s
1.0U 3??'{)” 2?m Mesures Z_1 _| I_ Mezures Z_2 _I I_ o
5 > " J
Z_2_Parallele < : _
R [Ohm] 3_L [Ohm] ¥_C [Ohm] ““‘* ““- 5na|y:§¢ur df_:*_ specu:.tre
1.0u 377.0 2.7M gt
@ Y ® e e
1.0u 377.0 2.7M ~- E}__L ~- {E}l i ~Ei
1.0u 377.0 2.7M MesELJres = Messures =

RésZ N ResZ N
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B OPAL-RT

Oscilloscope | Mesures et calculs Help

3ph 1ph
TECHNDOLOGIES Onglet
— | automatique @
Réseau et Transformateur Charge Passive 3ph | Teh <o | B Ut 1) 2 RER
Fondamentale | Harmoniques 3ph | 1ph o o« tr
f [Hz]
A
- 60
V_LN [V] 400 &
A @ I Mesures
0 S0 100 150 200 250 300 350 400 450 500 : ResZ_1A
460 % L Mesures L L
- Rés A - - -
B @ 120
N U V] 400.0 T flux Wbl 792.9m U vl 505
o 11A) 521.2 1A 15.3
C @ 120
P[] 195.3k
e Reéseau Phases
@ Mise sous Ph Monophasé équilibrées 5 [VA] 208.5k
tension
»
& -0 Déphasage mise @ O
o sous tension
. . i . Mesure 1 Mesure 2 Mesure 3 Mesure 4
Transformateur AT primaire MAT secondaire Transformation de Fortescue du réseau : E
Rés U - RésZ 11 | Z1u | z2u -
Transformateur v‘ s i 1333 v 398 (a1
’ ’ Phase B v‘ Phase = A vl Phase @A vl Phase | A vl
u_d I_d
Disjoncteur : 0.0 11 -20.5 11 RMS 0.0 RMS 504.8 RMS 3.4m RMS 2.9
Thermigque Commande
& I_n [A] Disjoncteur @ @ ) 133.3 M . 89.6 [4] Fondam RMS 0.0 Fondam RMS 504.8 Fondam RMS 3.4m Fondam RMS 29
g 16 9 Magnétique U—I I—I o
gnetiq Reset 0.0 1 -20.5 1 Fondam Phi 0.0 Fondam Phi -20.4 Fondam Phi 31.4 Fandam Phi -21.0
® Therm
Mode Thermique ® 1333 ™ 342.0 THD 0.000 THD 0.000 THD 0.000 THD 0.000
Classe 20 > 20sa 7.2 * | n T‘ U—O 0.0 ¢ I—O 205 [ Fourrier 1 Fourrier % 1 Fourrier & 1 Fourrier 1
- Sans L —elo 11 Harmonique : o Harmonique : ¢ Harmonique : '3 Harmaonique : 5
Mode Magnétique protection Fourrier RMS 0.0 Fourrier RMS 504.8 Fourrier RMS 3.4m Fourrier RMS 29
B:3*I_n V‘ @ Fourrier Phi 0.0 Fourrier Phi 204 Fourrier Phi 314 Fourrier Phi -21.0
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D pA I R T Oscilloscope | Mesures et calculs Help
. 3ph 1ph
| ———— Onglet
_ TECHNOLOGIES automatique @
Réseau et Transformateur | Charge Passive 3ph | 1ph o Y D Yy YD DY DD | «c
Fond o Har, 3ph | 1ph co c tr
f [Hz]
4 60
o
V_LN [V] 460 12
A @D i
Q0 50 100 150 200 250 300 350 400 450 500
VLN [V] 480 =] Phase B L Mesures Mesures
B = Rés Rés Z_1
B L REY o -
a 50 100 150 200 250 300 350 400 450 500 - ?96.? U—L [V] 821.4
V_LN V] 460 = Phase C
A 1[A] 43 I [4] 42.7m
c @ B 120
1] 50 100 150 200 250 300 350 400 450 500 P [W] 128.5 P [W] 6{}.8
Inversion Réseau Phases
@ |\1i5€ sous Phases Monophasé équilibrées 5 VAl 5.9k 5 [WA] 60.8
ension
L L L
y sous tension
Transformateur MAT primaire MAT secondaire Transformation de Fortescue du réseau Mesure 1 ‘ Mesure 2 ‘ Mesure 3 ‘ Mesure 4 ‘
Rés U Rés 7 11 Z1U Z2U
Transformateur v‘ @ @ . — " _ = _ e . -
’ ’ ase = ase = ase = ase =
U d | d Ph B Ph A Ph A Ph A
Disjoncteur : - 176.8 11 -30.0 1 RMS 460.1 RMS 42.6m RMS 518.3m RMS 0.0
Thermique Commande
N I_n [A] Disjoncteur Y @ Ui 460.1 1 i 4.3 [A] Fondam RMS 460.1 Fondam RMS 42.7m Fondam RMS 510.3m Fondam RMS 32.8u
) 21 < . _ _l
¥ Magrﬁlque Resat 0.0 -88.7 I Fondam Phi 120.0 Fondam Phi 0.2 Fondam Phi 59.6 Fondam Phi _70.4
Therm
Mode Thermique @ 57.5m [v] 3.7m (4] THD 0.000 THD 0.000 THD 0.000 THD 0.000
Classe 10 > 10s a 7.2 * |_n T‘ U—O 32 1 I—O 7.5 [ FOL!I’I’iEI’ e 1 Fourrier & 1 FOL!I’I’iEI’ & 1 FOL!I’I’iEI’ A 1
Sans E E Harmonique : & Harmonique : g} Harmonique : & Harmonique : @
Mode Magnétique protection Fourrier RMS 460.1 Fourrier RMS 42.7m Fourrier RMS 510.3m Fourrier RMS 32.8u
Z:24*1n T‘ @ Fourrier Phi 120.0 Fourrier Phi 0.2 Fourrier Phi 596 Fourrier Phi -70.4
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Suggested Lab Sessions

DC Motor Drive Parameters Identification

Current Control

Speed Control

Transformations: Clark, Concordia, and Park
PMSM Motor Drive Self-Control: Hysteresis and Pl Control

Vector Control

Induction Motor Drive V/f Control
Vector Control

Doubly-Fed Induction Motor Drive Rotor Controller
Vector Control




MOTOR DRIVES

Features

=  Scope:
Trigger, Cursor, Zoom-In,
Zoom-out

= Nameplate & Ratings

. Protection:
Fuse & Reset

= Parameters Ildentification
=  Current Control

=  Speed Control

= Varying resistive load

=  Varying input voltage

= Varying current and speed
references

=  Computation of RMS
Voltage and Current

Power Electronics
Electric Machines

Renewable Energy
Fundamentals Elec. Eng.
Motor Drives

OPAL-RT

TECHNDOLOGIES

Oscilloscopes | Help

.

DC Machine (DCM)

var 0V 0 A JFa

vf: 460 V5 1.1 A JFif Ke Ra la | H&B | J

Field Voltage Vi (V)
I 0 %
0 % 100 15 A0 J0 W K0 40 &

Load Resistance (chms) Connect Load

5015 A X W X oM &
Shaft
2
N 0 rpm Tem 55 Nam o
£
DC Motor Under Test (MUT) 5
v ; z
: 0V e 203 A UFa :
Fif £
Vi 460 Vg 1A 7 5
Field voltage VF (V) Block Rot
- ock Rotor
I 240 (%
0 @ 100 19 M0 N0 M0 30 A0 46 @
-
Voltage Source 0.000000
Applied Voltage (V)
@
40 m ] m &

DCM /MUT Armature Connections
“ K1 Connect Va MUT @ K2

Parameters ldentification  Current Control ~ Speed Control

Estimation & Command

Estimation of the MUT parameters

Protections

Reset I)

|
200.000000m

DC Motor Drive
PMSM Motor Drive
Induction Motor Drive

BN OPAL-RT

Parameters Identification | Current Control | Speed Control

Doubly-Fed ind. Motor Drive syl TECHNDLOGIES
DC Motor Drive Laboratory
Parameters Identication of the DC Motor
Identification of the armature inductance La
la_mut m
Cursors: | X |y
=38 Cursor 0 | 0 0
la_mu
] cUr;BHt 0 0
la_mut

®|

|
N

va Black Rotor

Fit

| | | |
400.000000m 600.000000m £00.000000m 999,99¢

Time (5]

K2: closed
K3: open J

Block Rotor: on
Ii r:
Firing Applied

Maximum applied voltage: 10% of nominal voltage
Gates [ Valtage

Ve

1
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Motor Drives

Features . OPAL-RT o Permanent Magnet Synchronous Machine Laboratory
| —

- Scope: =¥ TECHNOLOGIES
. . achine Transformations | Current Control | Speed Control
Trigger, Cursor, Zoom-In, et _
ZOO m-out Va 998 V s 52 A JFia Transformations = = = =
i_alpha i_beta id i
, Vi 460 V¢ 11 A UF - - - . ’ !
= Nameplate & Ratings FetVatge i
I i Torque
= Protection: ™" Sl
Fuse & Reset I

0 9 10 10 M 250 M I A L0

. Parameters Identification

. Self current control
N 325 pm Tem -13.5 Nm
= Vector current control s
v 628 v ¢ 36 A ’ F‘“ o 0 y y X y -DZDD;DDDD 50, DD&DDD 100, DdDDDD 150, DdDDDD 200, DdDDDD 250, Dd[
u S p ee d CO ntro | ps 394 W s . VAR J :|: 0.000000 50.000000m 1DD.DDDDDDvr|T”,HE [JSD.DDDDDDm 200.000000m 250,000 3 ! m 1 ﬂ'IT"rIE ; X m 1 m X
J R
. . ) Pabc NG Faibe BN Poo BN
n Va ryl ng reS I Stlve |Oa d PSMM Armature Connections 2500+
Three-phase Resistance O K1 Inverte e
. Clarke, Conc_ordia and Park -
tl’a n SfO r m a tl o n S Transformations  Current Control ~ Speed Control
sformation 300+
= Varying armature voltage oot Qo N
-500-
= Varying current and speed
references g
. iager -2000-
=  Computation of RMS riosr () | ‘ ‘ |
VO |ta ge a n d C u r re nt 0.000000 50,000000m 1DD.DDDDDDrv'|w1e [5]150.000000111 200.000000m 250.0000
=  Power computation e Power

Rmt@ Pabc  -334433 Palbe 262956 Pdq  -39443
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DC Machine
Va 2589 V 1a 129 A J Fia
vi 460 Vi 1.1 A U Fif
Field Voltage VW (V)
l 250 [& Torque
0 S0 100 150 200 250 300 30 400 260
35.1 Nm
Load Resistance (chms)
20 [
75 10 125 15 175 20 225 25 75 3
Shaft
N 981 rpm Tem 36.4 Nm
PMSM
Us 4483 VvV is 84 A » Fil
o Fi2
Ps 4102 W s 2554 VAR J Fi3

PSMM Armature Connections
K1 Inverter ( ) K2
Command

Transformations Current Control  Speed Control

Self/Vector Contro Hysteresis Band

seif (JM) Vector l aos =
Contro a0t aas at ais az
- Reference Current (A)
Pl Hysteresis
sty | e
184 1 10 0 5 10 15 184
0 24.17 50.79
-0 0.06704 0.0319
Protections

Reset | I)

Oscilloscopes Help

Transformations | Current Control

Self Current Control : Hysteresis

oot MR

20-1

- I
0.000000 20.000000m

20-1

- |
0.000000 20.000000m

Power Electronics
Electric Machines

Renewable Energy
Fundamentals Elec. Eng.
Motor Drives

Speed Control

Self Current Control: PI Vector Current Control

DC Motor Drive

PMSM Motor Drive
Induction Motor Drive
Doubly-Fed ind. Motor Drive

Permanent Magnet Synchronous Machine Laboratory

Self Current Control: Hysteresis

- DN e DN o IR e R I |

] I |
40,000000m &0.000000m 80.000000m

Time (s}
la_ref m la -

| |
&0.000000m 80.000000m

'
40.000000m
Time (s}

Id_Ref RN 'd_meas |G

20-1

| - |
100.00C 0.000000 200.000000m

| -1.2-1
100,000 0.000000

|
20.000000m

|
400,000000m

=

OPAL-RT

TECHNOLOGIES

lg_Ref m lg_meas m

|
600.000000m

Torque ENE

|
60.000000m

| |
80.000000m 100.00C

| |
800.000000m 1.000

speeD |

AN A A A O A AN I




MOTOR DRIVES

Features

Scope:

Trigger, Cursor, Zoom-In,
Zoom-out

Nameplate & Ratings

Protection:
Fuse & Reset

V/f control

Flux control

Torque control
Speed control
Varying resistive load

Varying torque and speed
references

Computation of RMS
voltage and current

Power computation

User and predefined
controls

Power Electronics DC Motor Drive
Electric Machines PMSM Motor Drive

Renewable Energy Induction Motor Drive . D PA L-RT
——

Fundamentals EleC. Eng. Doubly'Fed |nd Motor Dl’ive = TECHNOLOGIES
Motor Drives

PN OPAL-RT
ﬁ TECHNOLOGIES
DC Machine (DCM)
va 0V 0 A UFia
v 460 Vo 1.1 A JFf

Field Voltage VF (V)
I 40 ¥

05 100 190 X0 20 30 D 40 40

Variable Lead (Ohms) in serie with a 20.7 ohm resitor

I Ll

0 0z 4 6 & W 12 14 16 18N

Shaft

N 0 rpm Tem 0 Nm

Induction Machine (IM)

s vk 47 A 9F

J Fi2
Ps 46 W Qs 0 VAR ) F3
Command

v FluxControl  Torque Control ~ Speed Control

Flux Contro

Activate | ) User gl Predefined

Protections

Reset I]

o — Induction Machine Drive Laboratory

V/F Control | Flux Control | Torque Control | Speed Control | Triggering Scopes

Flux Control

phi_rd m phi_rq - Phi_rd n Phi_rg -

Flux (Wh)
Flux (Whb)

05-] I ! ; ; ] i i i | | |
0000000 10.000000m 20.000000m 30.000000m 40.000000m 50,000 1500000 2000000 2500000  3.000000 3500000  4.000
Time (s
Time (5]

Is_d “ Is_g - Ws_d “ Vs_q -

e T T e T e e T e e S R e e e I et

Current (A}
Voltage (V)

i 1 1 1 | |
1,000000 10.000000m 20.000000m 30.000000m 40.000000m 50.000
Time (5]

3
2
1
0
1
0

g I I I I |
0.000000 10.000000m 20.000000m 30.000000m 40.000000m 50.000
Time (s
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Induction Machine Drive Laboratory

‘—b-_ ':' pA L- R T Oscilloscopes

Help
—mll TECHNOLOGIES
DC Machine (DCM) W/F Control | Flux Control | Torque Control | Speed Control | Triggering Scopes
va 1227 V la -59 A J Fia
y phi_rotar_d m phi_rotor_qg -
vf 460 Vg 1.1 A JFif Torque_rer EEWY  Toroue RN

Field Voltage Vf (V)

I 260 ¥

O 50 100 150 200 250 300 350 £00 460

5
Variable Load (Ohms) in serie with a 20.7 chm resitor =
I a
a 2 4 6 a 10 12 14 16 1@ 20 | 5 0.6-
-0.638889 - | | | | | | i i E
0.000000 500.000000m 1.000000 1.500000 2.000000 2500000 3.000000 3.500000 4.0000! = pa-
Shaft Time (s} s
speeD_REF [N sreeD [ 0.2-
N 499 rpm Tem 154 Nm '
o
Induction Machine (IM) 0.2
5
us 1462 Vs 59 A 9 Fil = 047 “EEI
i ] 1 1 1 [ 1 1 1 1
VAR 9 Fi2 0.000000 500.000000m 1.000000 1.500000 2.000000 2500000 3.000000  3.500000  4.000
Ps 901 w Qs 1085 ) Fi3 Time (s)
'D'1[)2433-I 1 [ 1 1 1 1 1 1
Command 0.000000 500.000000m 1.000000 1.500000 2.000000 2.500000 3.000000 3.500000  4.0000i vstator_d [ Vstator_q  |EEEE
Time (s
V/F  Flux Control  Torque Control Speed Control (s}
Istator_d Istator_g
Speed Contro m -
Enable | ) User ,.J Predefined
Reference Speed (rpm)
I 500 %
=
2500 1000 a 1000 2000 2500 ;
= g
= S -100-
o
A N = -200-]
0 5 -0-
-300-]
-20- -A00 -
30— -500-|
G -600-]
Protections _ap-] :
-, 1 1 1 1 1 1 1 1 1 '?DD_I 1 1 1 [ 1 1 4“.9 1
Reset L B 0.000000 500.000000m 1.000000  1.500000  2.000000  2.500000  3.000000  3.500000 4.000 0.000000 500.000000m 1.000000 1.500000 2.000000 2500000 3.000000 3.500000 4.000

Time (s} Time [s)
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OPAL-RT i Doubly Fed Induction Machine Drive Laboratory
Features Q’- TECHNOLOGIES P

DFIM Electrical Measurements | DFIM Control |~ Trigeming Scopes

- S C O p e : Doubly Fed Induction Machine (DFIM)
Trigger, Cursor, Zoom- ) i
In, Zoom-out Us 1575E+4 VB 10214 U Fib 115849 e B B 00126761 e

J Fic

= Nameplate & Ratings

DFIM Control

= Protection: L R ]
Fuse & Reset G — :

1.02+
Reference Speed (rpm)
= Rotor controller e
Wm0 M) M0 M) 3 0.98-
-1.6]
= Current control - Dttt ity SN A EERTACERCRERE v
Id Reference (p.u 0.000000 1.000000 2.000000 3.000000 4,000000 5.000000 6.000 0.000000 1.000000 2,000000 3.000000 4,000000 5.000000 6.00001
I ol Time (s} Time (s}
= S peed CO ntr0| s 2 0 2 M 1d_Ref E 1d_Meas - TORQUE REF m Torque -
- 1,14482 -

1]
0.9+
0.8-

= Varying input torque _

= Varying current and e (B
speed references

0.7~
0.6+
0.5+
3
[+ 04~
0.3
0.2+

= Computation of RMS
voltage and current

0.1+
0]
0.1
0.2

SEPEIER

i 1 [ [ [ 1 1 I 1 I 1 [ 1

0.000000 1.000000 2.000000 3.000000 4000000 5.000000 6.000 0.000000 1,000000 2,000000 3000000  4.000000 5.000000 6000
Time (s) Time (5]

1-] -0.326557-}
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