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Agenda 

• Introduction 

• Power Electronics AC Grid Simulator’s control modes 

• Power Electronics DC Grid Simulator’s control modes 

• Conclusions 
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Power Electronics AC and DC Grid Simulators 
Various applications 

Power Electronics 

Simulator

(ACS6080)

AC Grid emulator

DC Grid 

emulator

Load 

emulator

• controllable multi-phase AC voltage source 

(grid emulation, generator emulation),

• certification of grid-tied power converters.

• controllable DC voltage 

source (grid emulation, 

emulation of other 

applications e.g. battery),

• battery charging modes.

• controllable three-phase AC 

current source,

• emulation of asymmetrical 

loads.
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— 
Power Hardware in the Loop new opportunities 
Features providing voltage and current control modes 

Features providing new opportunities 
of Power Hardware in the Loop (pHIL) 
simulations: 

1. Control modes implemented in 
ABB’s controller integrated with 
PEGS: 

• voltage control, 
• current control. 

2. Fast communication: 

• Fast reference chain, 
• Fast measurement chain. 

Power Unit 

(ACS6080)

AC 800PEC

(Controller 

emulating AC grid)

Power Electronics Grid Simulator 

Communication 

interface 

(references/

measurements)

Device Under 

Test (DUT)

Measurements

reference 

voltages

Communication 

interface 

(references/

measurements)

sinq, cosq, 

id, iq External controller 

(mathematical model 

of simulated system)

G

Supervisor

Test 

controller
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Universal test bench with modular scheme and increased power capability 
Modular HW design: parallel or series configuration 

Three phase 

AC voltage

ACS6080

PEGS

Device under test

DC voltage

Active 
Rectifier

Multiphase 
step-down 
converter

TransformerUtility Grid

AC

DC

Chokes RC filter 

0...4.8 kVDC

PCC

DC

DC

DC

AC 0...60 kVRMS

DC

AC 0...60 kVRMS

PCC 2

PCC 2

Multilevel 
inverter

Multilevel 
inverter
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Power Electronics AC Grid Simulator 
Multidrive operation 

Parallel configuration: 

Active 
Rectifier

TransformerUtility Grid

AC

DC

DC

AC

DC

AC

PCC
Multilevel 
inverter

AC

DC

Transformer Filter

Series configuration: 
Active 

Rectifier
TransformerUtility Grid

AC

DC

DC

AC

DC

AC

PCC
Multilevel 
inverter

AC

DC

Transformer Filter

General characteristic: 

1. Synchronization of voltage. 

2. Control modes: 

• grid-forming, 

• grid-following. 

3. References: 

• voltages (polar coordinate system, instantaneous values) 

• currents (dq pos, dq neg, or instantaneous values). 
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Power Electronics AC Grid Simulator 
Current control of Grid Simulator 

Converter Transformer Filter DUT

icap.ABC iPCC.ABC uPCC.ABC

Current control
iPCC.ABC,ref

or
PWM

uABC,ref

PCC

PLL

iPCC.dq.posneg,ref

iinv.ABC
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Power Electronics DC Simulator 
Open-loop voltage control 
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Power Electronics DC Simulator 
Equal power sharing between power electronics converter phases 

 a) b)

midx=0.2 midx=0.9

midx=0.2 midx=0.9

midx=0.2 midx=0.9

midx=0.2 midx=0.9

4kS/s

4kS/s

4kS/s

4kS/s

Higher dynamic of the system and robustness 
against parameters uncertainties. 

Multiphase 
DC/DC converter

chokes 
currents

DUT
DC

DC

DUT current

Converter phase currents during a step of modulation index: feature 
disabled (a), feature’s continuous mode enabled (b) 
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Power Electronics DC Simulator 
Closed-loop control modes 

Battery charging modes: 

• current control, 
• voltage control. 

Voltage Current

pre-charge current

pre-charge 
voltage threshold

constant regulation 
current 

constant regulation 
voltage

float voltage

voltage

current

Time
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Power Electronics AC and DC Grid Simulator Simulators 
Conclusions 

1. ABB’s PowerLink with reduced communication latency provides new opportunities of Power Hardware in the Loop 
simulations. 

2. Communication link between two PEC controllers allows to synchronize voltages of two Power Electronics Grid 
Simulators. 

3. Setup based on series or parallel operating PEGSs provides increased power capability and perfect voltage quality. 

4. Current control mode allows emulation of symmetrical and asymmetrical loads. 

5. Power Electronics DC Grid Simulator due to interleaved modulation scheme provides high voltage quality. 

6. Power Electronics DC Grid Simulator is equipped with voltage and current closed-loop control modes. 
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