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RTDS Technologies Inc. Today
 Created in 1994
 Current number of employees: 75
 Customers in over 51 countries
 Our clients are leading
 Electrical power utilities

 Electrical equipment manufacturers

 Research and learning institutions
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Background

 Renewable energy is emerging and  fast-growing 

worldwide

 From independence to interconnection

 To maintain the system stability and valid the equipment 

functionality, hardware-in-the-loop (HIL) testing should 

be conducted before system interconnection.
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Predictive Resistive Switching Models
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 Offline EMT programs 
 Switched resistive representation
 employs interpolation to eliminate numerical inaccuracies

 Real time simulation 
 Interpolation cannot be used
 Predictive Resistive Switching Models
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Predictive Resistive Switching Models
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Predictive Resistive Switching Models

8

Switching 
Frequency (Hz)

Losses (%)

3060 0.259

9900 0.333

 The power system components are
running at 1.666 uSec time step

 Some controls (Firing pulse generators)
are also running at 1.666 uSec
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Predictive Resistive Switching Models
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 The entire circuit runs at 2.0 usec

  

Switching 
Frequency (Hz)

Losses (%)

3000 0.5

5000 0.51

10000 1.0
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Standardized Renewable Energy Modelling
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Back-to-back
2-level converter

Rg Lg VLLrms

VtrCon:VtrG

Str, Xtrpu

Back-to-back
2-level converter

Rg Lg VLLrms

VtrCon:VtrG

Str, Xtrpu

Back-to-back
2-level converter

Rg Lg VLLrms

VtrCon:VtrG

Str, Xtrpu

Ppv 2-level converterBoost converter

Rg Lg VLLrms

VtrCon:VtrG

Str, Xtrpu

(a) DFIG-based application

(b) PMSM-based application

(c) Induction machine based application

(d) PV application
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Standardized Renewable Energy Modelling
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Example: Induction Machine-based application
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Standardized Renewable Energy Modelling
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Example: Grid-side Converter Control
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Standardized Renewable Energy Modelling
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Example: Machine-side Converter Control

Induction Machine DynamicMachine-side Converter Inner-loop Control

pd idk k s+

pq iqk k s+

ω

1

s seqR sL+

1

s seqR sL+

sdv

sqv

2
m

mr

r

L i
L


squ

sdu

seqL

seqL

sdi

sqi

2
m

mr

r

L i
L


seqL

seqL

sdv∗

sqv∗

sdu′

squ′sqi∗

sqi

sdi

sdi∗Outer-loop Control of the Induction Machine-side Converter 

1 (1 )vmsT+

1 (1 )vmsT+

1 1
idpdk k s+

1 1
iqpqk k s+

( )eT Gen+

rω

optk
2x

sdi∗

sqi∗

mri

2
3

0 sLω

acV ∗



© 2010 NACPPA All Rights Reserved.

Scaling the Power
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2L-VSC 2L-VSC FilterFilter

SVG

220kV: 35kV 35kV: 0.69kV

RMS voltage, P, Q, 
frequency, phase angle

DC-bus voltage
Machine speed

Scaling factor

Figure Transformer models with scaling feature
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CHIL
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Analog Signals

Digital Signals

Analog Signals

Digital Signals

RTDS Simulator 

Power Amplifie

Conversion Device
PCP  (and VCB)

VSC

康保站

VSC

张北站

VSC

丰宁站

VSC

北京站
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System Stability Analysis
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System Stability Analysis
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Stability 
Studies

Large 
Signal 

Analysis

Small 
Signal 

Analysis

Availability 
of DAEs 1

No Yes

State Space 
Modelling 3

EMT 
Simulation

Observation
Closed-Loop 4

Representation

Forward 
System

Linear 
Characteristic?

YesNo

RSCAD

Feedback 
System

Bode Plot / 
Nyquist 5

Eigenvalue
Root Locus

Participation Factor
Sensitivity Analysis

State Space Modelling Restrictions

 MMC Converter Modelling

 FD Transmission Lines

 Black Box Controller
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System Stability Analysis
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Scanned 
Part G(ω)

Rest Part 
of the 
System 
H(ω)

y(ω)
+-

x(ω)

Open-loop transfer function

Tf(ω) = G(ω)∗H(ω)
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System Stability Analysis
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Magnitude
M(f)

Frequency
f

Phase angle
Ph(f)

Frequency
f

180
f1

M(f1)
Magnitude

M(f)

Frequency
f

Phase angle
Ph(f)

Frequency
f

1

f1 f2

Ph(f1)

Ph(f2)

a) Use Bode plot to find the gain margin b) Use Bode plot to find the phase margin

Stability Boundary
Mag [𝜆𝜆(f1)] = 1 && 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃[𝜆𝜆(f1)] = 180Deg

𝑀𝑀𝑃𝑃𝑀𝑀[𝜆𝜆(f1)] = 1 Phase Margin
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃[𝜆𝜆(f1)] = 180Deg Magnitude Margin

At frequency f1, open loop eigenvalue𝝀𝝀(f𝟏𝟏)
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System Stability Analysis
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Kid’ from 230 to 280 (SCR=3.2)
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Q&A

新能源发电靠谱吗？

新能源发电并网可以靠谱
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MMC Valve Principles
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1

2

3

4

Half-bridge SM

Full-bridge SM

SM1

or

1

2

SM2

SM3

SMN

VC

VC

VSM

VSM

iSM Valve Model:

 Equivalent Surrogate Network

 Elimination of Internal Nodes

 Interface With External Network

 Parallel Implementation
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MMC Converter Modelling
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