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RTDS Technologhagaiii:
» Created In 1994

» Customers in over 51 count_
> Our clients are leading

« Electrical power utilities
« Electrical equipment manufacturers

« Research and learning institutions
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Agenda

» Background

» Renewable Energy Modelling
» System Stability Analysis

» Questions and Answers
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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.

© 2010 NACPPA All Rights Reserved.



Agenda

» Background

» Renewable Energy Modellingi |

» System Stability Analysis

» Questions and Answers
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Predictive Resistive Switching Models

4 Offline EMT programs

s Switched resistive representation
* employs interpolation to eliminate numerical inaccuracies

d Real time simulation
¢ Interpolation cannot be used
** Predictive Resistive Switching Models
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Predictive Resistive Switching Models
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s The power system components are
running at 1.666 uSec time step
s Some controls (Firing pulse generators)

are also running at 1.666 uSec
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Standardized Renewable Energy Modelling

(a) DFIG-based application .
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2-level converter
AC/DC/AC
Power-electronic —
converter system —
(b) PMSM-based application
s PCC
Back-to-back f )
37 Py 'AZD 2-level converter ] Q? @ Grid
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(c) Induction machine based application PCC
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(d) PV appliiopfwu$

Boost converter

AC/DC/AC
Power-electronic
converter system

2-level converter

DC/DC
Power-electronic
converter system
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DC/AC
Power-electronic
converter system

10

Sir, Xtrpu

i

Rg Lg Vitms

=
-
O
O

]

VtrCon:VtrG s

Sir, xtrpu

Grid

D=5

Rg Lg VLers



North America Chinese Power Professional Association

Standardized Renewable Energv Modelling

_i; m"“")_ . :'11.','.'.;..'6;'"'.'.65."""'“““'"“' :' “E '“ ‘“.'nl-f"','..','.'.;.i\'n":
LEE | el TR - Ty -t
- - """"" sEdingesreat T o :,,.,,5: {’:':;:“ ::."....,
O it O = iy T =

Pitch angle adjustment is used to limit the power
when the rotor speed exceeds the "MISPDsetl” value
TURRBSME SPEED LIMIT WHEN BLOCKED

Ay g

e S How to select the gain Kp for plich angle adjustment?

[t O Step 10 select "MISPDset™, generally use a value slightly larger than the wrpu value for mted power
P Step 2 select the max Powss you want t limit, P

Step 3 according to the motor operating curve: P = Kopt*wr+3, solve wrl at Pmax
Strep 4. substitute wr into Power curve of wind turbine 1o solve for Betal
Step 5 Botal = Kp*(wr! - MESPDsot) —> minimum Kp
Mate: Larger Kp will limit the power to a smaller value.
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»* fo d=T
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Rate Limites

wr
Mote: the maximum power curve of wird turbine satsfies.
T = Kopt*wrpu®d

Loanm v If using the default coefficients (c1-c6 or n1-n6) for wind turbine,
— (1) the coefficient "Kopt' = {TRIGR)™ 1 0/(WR)"3

(il) parameter "WR' represents wrpu al rated power Pp = 1.0 pu
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Standardized Renewable Energy Modelling

Example: Grid-side Converter Control
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Standardized Renewable Energy Modelling

Example: Machine-side Converter Control

Machine-side Converter Inner-loop Control Induction Machine Dynamic
Y e L =
Outer-loop Control of the Induction Machine-side Convertel Isd kpd +kig /5
L P L
E Isq d Lseq
E I:q + kpq +kiq/s
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Scaling the Power

RMS voltage, P, Q,
frequency, phase angle

220kV: 35kV === 35kV:0.69kV
(%]
) .
Scaling factor
- -

/_ SUBSTEP INTERFACE \\
T

MAINSTEP SUBSTEP
SIDE SIDE

W1 W2
13278 7967

ThWA = 33,3333 MVA

. /

Filter

DC-bus voltage

1

L

—1 2L-VSC T
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TRF1
TERMIMAL MAME:
TERM1

2L-VSC |—

10. 10

Tmwva = 33,3333 MVA

Machine speed

ml» SURSTER

NPUT
PUTMECH  LCKFR . pyspeED
HPUT. ——a HPUT.
TMECH1

Filter

STATOR
{ el GIM

/'-SUESTEP‘ TRAMNSFORMER -\ﬁ

CAN:

PRIMARY SECONDARY

W1 W2
132.7% 7967

T1

\

ThWA =33.3333 MVA _/J

Figure Transformer models with scaling feature
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Analog Signals

Analog Signals

Digital Signals
RTDS Simulator Conversion Device

Skt
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Agenda

» Background
> Renewable Energy Modelling il
» System Stability Analysis

» Questions and Answers
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System Stability Analysis

Stability
Studies

Linear
Characteristic?
No Yes
Large Small
Signal Signal_
Analysis Analysis
Availability
of DAEs1
RSCAD
[ — Yes

EMT

Simulation

Observation

Forward Feedback
System

State Space
Modelling?

Closed-Loop 4 I .
Representation
Bode Plot /
Nyquist5 Root Locus
Participation Factor
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Sensitivity Analysis

State Space Modelling Restrictions
s MMC Converter Modelling

*» FD Transmission Lines

+» Black Box Controller
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System Stability Analysis

FS A
/k i Scanned
| C

From{Hz). 0
To (Hz). 100 Rest Part
of the

System

v

Fmax=(NSCAN*25-1)* 1 + 1

AC SCAN (D) [SA
Zdd Zdg
Ny [ [ss :
Zqd .;_5_5\ Open-loop transfer function
[ 0
f i Tf(w) = G(w) *H(o)

In RunTime, create
Slider ——= NSCAN
p PushButton --= STATUS
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System Stability Analysis

Magnitude
M(f)

Magnitude
M)
1 ———————————

Frequency

f

Frequency

f

|
| |
' |
' > ] >
| fr f2
I
Phase angle | Phase angle :
Ph(f) I Ph(f) |
18| — — — — — — — o | Ph(f2)
Frequency Frequency
f Ph(f1) f
> >
a) Use Bode plot to find the gain margin b) Use Bode plot to find the phase margin

At frequency f;, open loop eigenvalueA(f;)
Stability Boundary

Mag [A(f,)] = 1 && Phase[A(f,)] = 180Deg

Mag[A(f;)] = 1 - Phase Margin
Phase[A(f;)] = 180Deg - Magnitude Margin
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System Stability Analysis
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K.y from 230 to 280 (SCR=3.2)
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Valve Model:

* Equivalent Surrogate Network
«* Elimination of Internal Nodes
% Interface With External Network

*» Parallel Implementation




¢ SUBSTEP MODEL TYPE: rids_ss_MMC_GMMX_Bvi_FPGA FPGAIE

MODEL: MMC GENERIC MIXED ON GTFPGA Unit ON GTIO Port: 1
_____ BERGERON OHE DT STUB TAINE NTERFACE AND ~~ 7~ ~
_____ RESISTIVE SWITCHED BLOCKED SECTION DIODES.
NOTE: INTERFACE LINE Z0=Lti/ (1.0 SUB_DELT) p—————
G=1/(Z0+RWZ)
=10" SUB DELT/Z0 TOPHYSICAL CONTROL
'''''''''''''''''''''''''''' Leg? Leg5
. f Legd Legt
LEG1 2
2
. 1
LEG2
2
. 1
LEG3
2
. 1
LEG 4
2
. 1
LEG S
2
. 1
LEG &
2

SUBSTEP LODEL TYPE: 55_LIACH
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DEBLOCK (LIS &1 G=h0, 1sVES } LA RRAREH ik

e i

o D INTEOER® OF S0 1N VE 1 Toas veac wooEL micLcEs |
‘ atl | AUTOUATIC BALANGING OF |

I THE 34 CAPACITOR VOLTAGES.

PARAMETERS FOR | NOTE: DENLOCKED Sth THAT ARE |
THE BUBMODILE | HOT I +VE ARE BYPASSED.|
Ve 1OKY | FRE T SMINVE[NORDRO) |
waw 10k 1 FIRED SUBYPASSED '

I

I

|

CuF = 1000.0 ek |
Tda = 4003 0 Secandd
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MMC Converter Modelling

/EUBSTEP MODEL TYPE: rids_ss_MMG_GMMX_FPGA

FPGA12 ™

BERGERON HALF OR ONE DT STUB T-LINE INTERFACE, AND
RESISTIVE SWITCHED BLOCKED SECTION DIODES.

G=1/{Z0+RN2)
€ =0.5_or_1.0* SUB_DELT 1 Z0

¢ SUBSTEP MODEL TYPE: rids_ss_MMC_GMSD_FPGA FPGA1TY

MODEL: MMC GMS3D SM ON GTFPGA Unit ON GTIO Port: 1

BERGERON HALF OR ONE DT STUB T-LINE INTERFACE, AND
RESISTIVE SWITCHED BLOCKED SECTION DIODES.

NOTE: INTERFACELINE Z0=Ltl/{0.5 or 1.0 SUB_DELT)
G=1/(Z0+RZ)
€ =05 or_1.0" SUB_DELT / 20

FIBRE CONMECTION
TO PHYSICAL CONTROL
Leg 1

Leg 2

FIBRE CONNECTIONS
TO PHYSICAL CONTROL
Leg 1
Leg 2
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