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38,000 employees

90+ ~250

! > . countries with years’ heritage
e N ! y A 200 offices combined

j: 5,500 2,000
sales employees engineers &
& field engineers scientists in R&D

Four Business Units

o Headquarters in | ey Grid High Voltage
Zurich. Switzerland B i Automation Products
Grid Integration Transformers
Customers Offering Geographies
Transport & Infrastructure Services : Asia, Middle East & Africa
Software & Automation .
m Americas

- In(_jggtry m Systems
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One Global R&D Organization

Our R&D team is present in 20+ countries and we have Research Centers in seven countries

@ Mannheim @ Vasteras
@ Montreal o © Beijing
Raleigh @Baden Krakéw

>60% ~2(0() researchers >80%
work in software development researchers have Ph.D.
Public
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Past ... The conventional utility grid Future ... The carbon-neutral future is electric

—— Generation — Grid

- Industry and large commercial -

—— Generation — Grid - Industry and large commercial -
% Traditional

P L Traditional
HVDC . p&Q@— ?.ilﬂ ﬁ@——CD—H\.rDc Meshed HVDC HVDC
A

Il n
@ i ‘
FACTS SC H@]—l—’@ﬁ’iTEintensive % e ACPE DCPE Eintensive
STATCOM Industry @Wi“d protections protections STATCOM Industry
&—o——
Pumped Hydro | @.S_FC Pumped Hydro |_._E]EH
) cal C&I
STATCOM [E , m STATCOM
Act. filter 0- @il STATCOM ) MvDC+ _Act. filter BESS
L = Hvoessst| 2 & bl ssT FE Large DC
Renewable Utility Storage *W'E o H l
STATCOM y g
HI{“L I_.—Hydrogen Storage and E-STATCOMSs L[l Loads
Transportation — Transportation —
® MVDC+SST D . %ﬁ.
. Dist SFC eMobility,
C-eD—m i i Hgess
Wind oﬁa 0] STATCOM DC wind gﬁa Off-Grid STATCOM. % l]] '.'l &
Converters v\ Act. filter = turbines -l Storage MVDC+SST STATCDM . Act. filter

Power Electronics a niche application Power Electronics across the total Power Grid

Technology Trends: Power Electronics coupled with Digital enables

electricity to be the backbone of the carbon-neutral future
Public
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02_Stability Issues for Future Power Systems

Stability Problems Stability Analysis Methods
 Power Oscillation [ « Modal Analysis (f&&HDHTE, FHIEHEDTTIE)

* between converters

* between converters and utility
» Sub-synchronous Oscillation

« Between PV/Wind converters and utility [2! .
« Power System Accident

« Xinjiang, China, 2015 [

« Texas, USA, 2019 .

 Hubei, China, 2011 ] .

« Eigenvalue locus (fREnE)

« Participation factor method (B5EF%)
« Sensitivity analysis (REE)

Impedance Analysis (BEH155#T)

- Passivity analysis (FSJRMEDHT)

HITACHI
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» Nyquist stability criterion (ZZEHHFREFIE)

Phase Amplitude Analysis (1BfE5173F)

Small signal model is required for stability analysis in different methods

. [1] Synchron
Public {;} Sﬁbrsynvc
7 © 2022 Hitachi Energy. All rights reserved. I A rend ey scon ogpeosch o aubpctean

id ted Energy ion Systems, LIU Huakun, etc., Proceedings of the CSEE, 2017
farm by using two degree of freedom control strategy[J]. Huang P H, ect., IEEE Transactions on Power Systems, 2015, 30(3): 1442-1454.
tion between full converter wind turbines and AC systems [J]. XIE Xiaorong, LIU Huakun, HE Jingbo, etc. Proceedings of the CSEE,2016,3 6(9):2366G2372.
study of wind farms [J]. IEEETransonPowerSystems,2 01 6,3 1(5):3904G3912.
ensated power system [J]. IEEE TransonPowerSystems, 201 5,3 0(5):2772G2779.
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03_Small Signal Modeling for Complex PE System

Design and Analysis in MATLAB Platform

Stability

Simulink Linearize Accuracy

Analysis &
Optimization

\ J

Model Tools Verification

\ J \
| | |

Time Domain Simulation Prepare for Frequency Domain Analysis Frequency Domain Analysis

MATLAB is a general simulation platform for multiple purpose

Publi = =
8 ©u20I§2 Hitachi Energy. All rights reserved. @ HltaChl Energy



03_Small Signal Modeling for Complex PE System HITACHI
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Internal Library Blocks Model Reference
« Accumulate & Inherit » Very Convenient for Parallel Design and Unit Test
* Add customized library into Library Browser » Code generation can accelerate model simulation
» Very Convenient for sharing and reuse * Incremental loading speeds up model load times
Gl . . g
@u Simulink Library Browser g
¢ l gnter sear tern v ‘ &‘* ’
s pJQQ 2 PQref Control > - - d d
My Library Controller Library Main Circuit e 1 R 40 oo
- vmdq0_s vmdg q q
Fixed-Point Designer ~ ‘ I L at Vquo—s A 0 I 0
HDL Coder s "“,m.w | - {W i E ilqu_s Main circuit _1 Gird
HDL Verifier 9q0_% 10.0q0._¢ - i . PQmea -
Image Acquisition Toolbox ¥ et s .M:L-L;W;m o ifdq0_s
My Library B n e Hodel 1 (2 i 4\ MATLAB R2022a
Navigation Toolbox i - 8 —
Robotics System Toolbox oG e /s = gl 7
ROS Toolbox P2 PQref Control / Es [® 57 U3 [ FindFiles & (¥
SimEvents :, - vmdqO_s vmdqo New New New Open (5] ¢ Import  Cle:
s ]":‘z".fg':.!‘um a2 vquo_s / Script Llive Script ¥ ¥ e Data Dat
Simullnk 3D Animation ”dqofs PQmea—@ Maine o op (513 » G » Work ABB(20200518) » 2021 » P
Simulink Coder ifdq0_s Current Folder
Simulink Control Design v = — Vodel 2 Name =
< )7 ] [ Controllersix

Two ways used for efficient modeling: Internal Library and Model Reference

Public
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03_Small Signal Modeling for Complex PE System

Comparison Among Multiple Linearization Methods

HITACHI
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Transfer Function

Model Linearizer APP

Frequency Response Estimation

Modeling Time Long Short Short
Simulation Speed Fast Fast Slow
Time Domain Analysis Yes Yes Yes
Frequency Domain Analysis Yes Yes Yes

Recommended Application Area

Simple model

In most cases and for complex model

Simulink model contains discontinuities or non-
periodic event-based dynamics

Recommend to use Linearization Tool in professional software for complex PE system

Public
10 © 2022 Hitachi Energy. All rights reserved.

[1] According to sampling theorem, where fs is the sampling frequency.
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03_Small Signal Modeling for Complex PE System

Simulink Model Model Linearizer APP

4\ Model Linearizer - scdspeedctrl - Step Plot 1
1) u u LINEAR ANALYSIS ESTIMATION PLOTS AND RESULTS STEPPLOT 1 (a4
Continuous: =
[ Load Session Analysis [/0s: Model I/0s > I Result Viewer A 1 Vo)
= = = (& Save Session Operating Point: Model Initial Condition v ™ Linearization Advisor N ‘\:( v
Control 4
Pt os.:o 2 »{Paref @ Preferences | Parameter Variations: None @ More Options StepPlot1  Step Bode Impulse  Nyquist
-,U =
— Wvioqo s vmda0_s o q q FILE SETUP OPTIONS LINEARIZE -
- - Op———— 0 Data Browser ® Step Plot 1
[ »ildq0_s Main circuit_1 Gird Search workspace variables p- o
PQmea tep Response
oo @ v MATLAB Workspace P Respo
(19ap_s From: Disturbance From: Ref
iodelT | Name « Value 50
o) v |
f\
e [\ "
P2 PQref Control dp—— 0 ‘ " \ // e
< | fi
. vmdqQ_ Iq( q (|
) | | /
i w Linear Analysis Workspace |
|quO,s Main circuit _2 I 1 s0t |
PQmea @ | Name « Value o3 |
[icay—litaa0_s 3z
i €] linsyst s == |
Model 2 | g5 1 i
‘ LRI
‘ -100 |
|
| 1
|
| ‘/
w Variable Preview \
50 ||
\
v
L' N 7
A
w- | .
I | 200
o - 0 2 4 6 8 0 2 6 8
| { /( \ |
LN ‘ Time (seconds)
| \
zm‘k ( ‘\/,’ 7 The linearization result “linsys1" is created in the Linear Analysis Workspace.
m‘— “‘ -
oo | - " . function op = myoperatingpointsnapshot
N 4\ Linear Analysis Tool - dehavillandControl -
L - o
o VEAR ANALYSE EXACT INEARZATION B(R) file generated by MATLAB(R) mul Design (T
il
o | = = 7. %% Specify the model name
f a4 & Mg o R
- 4 model = 'dehavillandControl’;
Spedfiations Optimzation Trm  Close
Options S Tan

%% Run simulation to extract smapshots.

| gt

op = Eindop(medel, [5]);

HITACHI
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Code for Small Signal Analysis

linearize

Linear approximation of Simulink model or subsystem

Syntax

linsys = linearize(mdl,io)

linsys = linearize(mdl,io,op)

linsys = linearize(mdl,io,param)

linsys = linearize(mdl,io,blocksub)

linsys = linearize(mdl,io,options)

linsys = linearize(mdl,io,op,param,blocksub,options)

linsys = linearize(mdl,blockpath)

linsys = linearize(mdl,blockpath,op)

linsys = linearize(mdl,blockpath,param)

linsys = linearize(mdl,blockpath,blocksub)

linsys = linearize(mdl,blockpath,options)

linsys = linearize(mdl,blockpath,op,param,blocksub,options)

linsys = linearize( __ ,'StateOrder',stateorder)
[linsys,linop] = linearize(_ )

[linsys,linop,info] = linearize( __)

Re-use the MALTAB/Simulink model to save the model development time

Public
11 © 2022 Hitachi Energy. All rights reserved.

®Hitachi Energy



03_Small Signal Modeling for Complex PE System HITACHI
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Accuracy Verified in Multiple Models Accuracy Verification Examples
* Single Converter « Casel: Single grid connected converter with current control loop
« PLL it o] (e
« PR, PI <t P
« Current Loop (PI) T°¢ .| — oo )
* Current Loop (PI) + Time Delay oS> - MainGircut Gira

Inner Current Loop

« Converters Parallel « Case2: Two grid connected converters parallel at AC side
* Two Converters
- Ten Converters i, P G i ‘
Q:111 0. vmdq0_s » vmdq0 : [ :
iidg0_s @ Main circuit _1 Gird
PQmea
iquO_s
Model 1
PQref Control = - - d
a0 s vmdq0_s vmdq0 q
ildq0_s o @ Main circuit_2
ifdq0_s "
Model 2
Public
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03_Small Signal Modeling for Complex PE System

Case 1: Single Converter with Current Control Loop

s

HITACHI
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1 2 3 4 5 6 7 8 9 10
1 0 0 314.1593 0 0 0.0844 0 94.2478 0 -0.0844
2 0 0 0 0 0 0 0 0 -0.3000 0
3 0 0 0 0 0 0.7608 0 850 0 -0.7608
4 0 0 0 0 0 0 0 0 0 -0.3000
5 -1.0384e-07 3.9477e+04 82243 -3.9329e-07  -358974  314.1615 2.2475e-08 24673  -11.8431 -314.1615
6| 7.8452e-09 -5.0950e-10 -4.4968e-04 3.9477e+04 -314.1593 -35.8974 -5.0950e-10 -1.3490e-04 314.1593 -11.8431
7 0 0 -0.0069 0 1.2028e+04 -1.8631e-06 0  314.1572-1.2028e+04 1.8631e-06
8 0 0 -314.8546 0 0 1.2028e+04 -314.1593 -94.4564 0-1.2028e+04
9 313.4641 0 -20.8846 0 4.2205 -0.0056 4.7155e+03 -6.2654 -4.2205 314.1649
10 4.7050e+03 0 -3134641 0 0 4.1364 0 4.6214e+03 -314.1593 -4.1364
sys_A |
(£ 10x10 double
1 2 3 4 5 6 7 8 9 10

1 0 314.1593 0 0 0 0.0844 0 94.2478 0 -0.0844
2 0 0 0 0 0 0.7608 0 850 0 -0.7608
3 0 0 0 0 0 0 0 0 -0.3000 0
4 0 0 0 0 0 0 0 0 0 -0.3000
5 0 8.2243 3.9477e+04 0 -35.8974 314.1615 0 24673  -11.8431 -314.1615
6 0 -4.4968e-04 03.9477e+04 -314.1593  -35.8974 0 -1.3490e-04  314.1593  -11.8431
7 0 -0.0069 0 0 1.2028e+04 -1.8631e-06 0  314.1572 -1.2028e+04 1.8631e-06
8 0 -314.8546 0 0 0 1.2028e+04 -314.1593  -94.4564 0 -1.2028e+04
9  313.4641  -20.8846 0 0 4.2205 -0.0056 4.7155e+03 -6.2654 -4.2205  314.1649
10 4.7050e+03 -313.4641 0 0 0 4.1364 0 4.6214e+03 -314.1593 -4.1364

The state-space matrices exported by MATLAB is verified by using theoretical derivation

id_ref Iref
Qref =
d d
iq_ref vidq0_s
vmdq0_s ——m vmdq0 q q
ildq0_s
0 0
fog0_s MainCircuit Gird
Inner Current Loop
! K By Krapl Wy 1Ay
[ Heas P
~Ky
- .
B ogu=lgs — 9 - K P g = fp g g 0 Wouppillheyt = Nyl SR ) gl [¥igs = fagid = 64
P I P T T AN T T N Y PO | P R S O o B
Do = Vrew 141 18 iy, D K o -— =Wy 1 st 3
S —_— o = = Tt ¥ 1Ry - ST Vet 1 8pas p 1l — —
= s e LT . i et s By i s = s
- s o r
Public
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1
1 theta_1
2 Xid_1
3 Xw_1
4 Xig_1
5 iad_1
6 iag_1
7 vfcd_1
8 vfcg_1
9iild_1
10ilg_1
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03_Small Signal Modeling for Complex PE System

Case2: Two Grid Connected Converters Parallel at AC side

14

Stable step-response
« Two converter parallel

» A step of 5% applied to active power reference of the 1st converter
« Alignment between time-domain simulation and linearization model

Linearization/MATLAB is accurate enough for stability analysis

5 i
a8t
| | 1 | 1 1
5 205 21 5 22 225 23 3
T T T T T Linearizaition model in da0
01 Time dormain simulation in dg0 |
0.08— ~
08 | | | I I
2 21 22 225 23 235 24 245
T T T Linearizaition model in 8g0
1.5001 Time domain simuiation in da0
14869 — —
1.4098 |
1.4987 = 1 1 1 1 =
1 2 208 21 2.1 2 24 245
0.1005 T T T T T T T T T Linearizaion model in dg0
Tima domain simuation in 6g0
0.1 -
0.0095 -
| 1 | | | 1
1.9 2 206 21 2 2 2 24 4

© 2022 Hitachi Energy. All rights reserved.

* Non-stable step-response
« Two converter parallel

From simulation results

HITACHI
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» Astep of 50x gain in PLL is applied to both converters

« Same unstable frequency in both time-domain simulation and
linearization model

From Linearization

-1.1147e+05 + 0.0000e+00i
-8.8267e+04 + 84209 +04i
-8.8267e+04 - 8.4209e+04i
-1.1147e+05 + 0.0000e+00i
-8.8267e+04 + 8.4209e+04i
-8.8267e+04 - 8.420% +04i
-1.1147e+05 + 0.0000e+00i
-8.8267e+04 + 84209e+04i
-8.8267e+04 - 8.4209e+04i

-4.7162e+01 - 3.6552e+03i
-8.8267e+04 + 8.4209e+04i
-8.8267e+04 - 8.4209e+04i
-8.8267e+04 + 84209 +04i
-8.8267e+04 - 84209 +04i
-1.1147e+05 + 0.0000e+00i
-1.1147e+05 + 0.0000e+00i
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04_Stability Analysis and Optimization of Complex PE System HITACHI
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Control Design Workflow

& Linear Analysis Too! - dehavillandControl
Specncaons  Opumizstion | Tem | Close
opaons | T
. - - sere: ran | coore =
Paref Control d Iln rz oy =6 specificavions fartim =
a1 Ch Workspace variable £ -1 | states |inputs| Outputs|
wvmdql_s 4q ~ MATLAB Workspace | State Specifications
Va0 s State vaiue
- Name Vaiue [ Known | 1 Steady State | _Minimum _|_Maximum_|
2 ¥ Asit (-10597. - DEM & Euter Angles/phi thets pul . =
- State - 1 o v Inf nf
iidq0, £ Aciv (-10951 3 [ I
q0_s Gird e ot State -2 01303 i v -
PQmea ¥ Bai 127.4630. - ||state -3 o 2 Inf nf
=52 d 3 3
ifdq0_s ~ Linear Analysis Workspace o S W = T = e
Name Value Sate-2 | 0 2 I v inf |
Model 1 € snapshot 5 sec  <1x1 op State -3 o v v inf it
Lol point | <1x1 op. Beaver
State - 1 4454 [ v nt | ot
State - 2 2714 | v ot | et
~ Variable Preview State - 2 5836 v Int inf
Beaver
Control 1 8500 Int Inf
FQref 2 o v Int Inf
vmdq0_s 3 2202 v v Int r
\idg0_s .ind Gust Model/Distance into gust (x)/Distance Into Gust () (Limited to gust length d)
G0_¢ State - 1 o o 120
.nd Gust Model/Distance into gust (y)/Distance into Gust (x) (Limited to gust length d) | —
iidq0_s Main cirouit 2 (- Symewith posier ] [ _import nitisl vaiuear.. |
pameal ]
Model 2

MIMO System Control Optimization: Nonlinear System Control Optimization with Uncertain Parameters:
Control System Tuner APP Design Optimization APP

A\ Control System Tuner - ret_halico - MarginsGoall | e 5= o\ Design Optimization - sdoFl4
RESPONSE GRIMZATION
[z [ Newoon v @[> Design Variables Set: &) oesgnvars ~ o | [ seiee [@ Piot current Respanse o = 3 DeSI n an d
optians
Eckect Ll Manage Goals  Tuning - Tune Uncertain Variables Set: [3] none ~ z Lk New = [} Add Plot — =TS
T T W T T TR i |equenemenrs] o _——————— ..
i || swepTrackingGos 2 | I [Swsrg L Data Browser wa sdoFl4/Alpha Resp... = | sdoFl4/Pilot G Resp.. = | sdoFl4/Pitch Rate L.. = [DesignVar: b O tl m Ize CO ntro | I er
- Step Tracking Search workspace v 2 ~| [sdoFl4/Alpha Response O x || sdoF14/Pilot G Response =
- rom: theta-re! rom: ph-raf rom: r-re Stability Margins Alpha Pilat &
B o : : 40 L CAPRIRE) e e oe REspanse | oo o o0 RESROAEE ||| o)
~ SIMULINK Workspac... = i
Eos £ RERDE Value Ig
= E’ Ka 0.6770 b §
20 =
o g Kf 1.7460 E
¢ = Ki -3.8640 ~ -
3 0 PRl T |
B} [
= k| - D i Optimi ti
% Ban . esign Optimization, A
a3 g 1l [sda itch Rate Loop o x
< . Lome vatu Fitch Rato
o Foo 9 DesignVars <wal Loop Update block
1 = « | 1 1 r B
5 70 H
=] = = & o
_ 05 2 a0 ~ Variable Preview =
s g - | = 100
| i DesignVars(1.1y = )
o £ 7 0
Hame: ‘itat =
05 0. 67e1 R
) 5 10 o 5 10 o s 10 e 102 100 102 ° E . &
Time (seconds) Frequency (rad/s) Tnf < P e prcs Rrreny
i) Tuning completed. View Tuning Report.

Public
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04 _Stability Analysis and Optimization of Complex PE System

Sensitivity Analysis

» Determine the most influential parameters in the model and see how BT o - -
design variables affect cost function using visual and quantitative a &g G.E.. e merane, & h% e i hi
an aIyS i S Data sm:i “’Wf’ﬁ 5 Experiment plot: ngnalMZ—:::::‘Ems Table editor: v::s: s:«f:: ::(E v::;i Scatter plot: EvalResult
« Use Design of Experiments and Monte Carlo simulations to evaluate " -
cost functions across the design space .
« Calculate sensitivities, perform correlation analysis, and visual analysis =
of cost function against model parameters o
« |dentify good initial starting points for optimization process I
7‘ W ‘ Gainm i) SignalMatching
Delay ow_ﬂlcm q_n_slei — Gain
e ZS:Z Dy

Sensitivity Analysis in MATLAB is a Monte Carlo technique
that simulates a model repeatedly under different parameter values

Publi H =
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Summary on Linearization Tool in MATLAB Inspire the Next

« Based on MATLAB, which is a General Simulation Platform
» Accurate enough for stability analysis
« Save Modeling Time
a) Re-use the MALTAB/Simulink Model
« Save Simulation Time
a) Faster than time domain simulation for sensitivity study with dozens of cases
» Support stability analysis of complex PE system
a) Generate small-signal model of complex PE system
b) further stability analysis, based on modern control theory

Linearization/MATLAB is recommended for stability analysis of complex PE system

Public
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Xing Huang Weichi Zhang Wen Jiang
« Dr. Xing Huang » Dr. Weichi Zhang : « Wen Jiang
» Presenter’s biography » Biography » Biography
» Senior Scientist at Hitachi Energy » Senior Scientist at Hitachi Energy « Scientist at Hitachi Energy Research,
Research, focusing on the power Research, focusing on the renewable focusing on control, modeling and
electronics application in power system, energy and low-carbon solutions for analysis of power converters in
especially topics on power converter power transmission and distribution renewable energy, power transmission
topologies, control and analysis. encompassing power converter and distribution.
- Ph.D. at Beijing Jiaotong University, topologies and control and analysis. . M.S. degree in electrical engineering
focusing on new energy, especially topics * Ph.D. and Pos-doc Researcher at from North China Electric Power
on grid-connected/islanding characteristics Newcastle University focusing on the University, focusing on control and
and control strategies of Microgrid, IGCT power quality improvement of grid- stability analysis of HVDC transmission
drive, PV power generation, BESS, etc. connected converters and utilization of system
« IEEE member, ICEE 2014 Best Paper wide-band gap semiconductors. * Email
Award Winner « |IEEE member, IET member . wene-wen.jiang@hitachienergy.com
« Emalil « Email
» Helen-xing.huang@hitachienergy.com « Weichi.zhang@hitachienergy.com

Public - .
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Technical Support

« Lily Yan .
O

Training Engineer

» Grace Qi @
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Application Engineer

« Jing Wu @
=

 Amy Yang

Sales Team

+ DuanWei Wang '
« Fiona Peng @
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Simulation Capability: Parallel of 100 Converters Inspire the Next

10 clusters of converters connected to PCC 10 converters in each cluster

] — B = S
] —
- e
- gyt
s |-
- | :“_ 9w
: L
s o
- ] :“_ ®

Public
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Control Design and Optimization

MIMO System Control Optimization

HITACHI
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Nonlinear System Control Optimization with Uncertain Parameters

4\ Design Optimization - sdoF14

RESPONSE OPTIMIZATION

Design Variables Set: &) Designvars = 7 B select | & Plot Current Response
& options o @l
. . = ptimize ose
Uncertain Variables Set: (3] None ~ Z | EdNew ~ Add Plot ~
VARABLES REQUIREMENTS pPLOTS OPTIMIZATION CLOSE =
Data Browser L m|

sdoFl14/Alpha Resp.. = | sdoF14/Pilot G Resp... = | sdoF14/Pitch Rate L... * | DesignVarsP

4\ Control System Tuner - rct_helico - MarginsGoall E @
CONTROL SYSTEM TUNING TUNING GOAL PLOT
@ New Goal + @ lz
Select Manage Goals  Tuning  Tune
Blocks @ e Options -
TUNED BLOCKS | TUNING GOALS | OPTIONS | TUNE
% |- | StepTrackingGoall \ _J MarginsGoall l
g
2 i
2 Step Tracking
E o .
o From: theta-ref  From: phiref From: r-ref Stability Margins
1 [ &
a
] —— Actual o 30
= o -
f; 05 — Desired el — Stability margins.
= =
o
@ 20
0 E
=
1 S
Q10
[}
2
2 a
3 5"° 0
ENb 20
<<
0 g B0
o
1 =
c
‘5 10
5
. 05 = 60
S 8
= @
0 =
T 50
05 40
0 ] 0 0 5 0 0 5 10 104 102 10° 102
Time (seconds) Frequency (rad/s)
i) Tuning completed. View Tuning Report,

23
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Search workspace v © 7| [sdoF14/Alpha Response O x || sdoF14/Pilot G Response O x
Alpha Pilot G
» MATLAB Workspace Response odate b Response . N
06 pdate block & 100 Update block
¥ SIMULINK Workspac... | =
. : o
Name~  Value O4----- E
| =
| .5
FHka 06770 * D2l =
H K -1.7460 ; =
. | =
H ki 38640 - GE S gl NN
« | 1l | » | =
TSR || 7 T T N D £ 180
¥ Design Optimization... i] 2 4 . 5 g 10 12 10 mﬂ. 10°
Name ~ Valud | SdoF14/Pitch Rate Loop O x || DesignVars
® - Pitch Rate
DesignVars <4x1 = 100 Loop Undate block
B ;
< | 1 J | :
= = =] o — M
¥ Variable Preview = o
5 =
: =
DesignVars(l,1) = | E -WDH =
=]
T
TKat =
Name: 'Ka - 90 — R i ]
Value: 0.6781 o
Minimum: 0O f ~1B0
Maximum: Inf - 10 1’ 10° Iteration
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Simulation Capability: Parallel of 100 Converters

Simulation Time

« Step response waveform

24

« Step change at 0.6s

» Total simulation time 1s

Simulation Time (min.)
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HITACHI

Inspire the Next

« Step response of PQ measurement of Converter 1

\
1.6

1451

——Linearization model of converter 1
——Time-domain simulation of converter 1

1.55 / i
15

e

0.7 0.8 0.9 1

0.11]
0.1
0.09

0.08

0.07 |,

——Linearization model of converter 1
—Time-domain simulation of converter 1

0.6

0.7 0.8 0.9 1

Linearization/MATLAB can help to save simulation time during sensitivity study (with dozens of cases)
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General Simulation Platform

Simulink Model

Code for Small Signal Analysis

HITACHI

Inspire the Next

1= clear
2- cle
3—  mdl = CurrentLoop_LC_0220_¢’ ;
4— open_system(mdl)
5— io = getlinio(mdl);
6 — SimTime =
8 % Sim sta me for plant
9 - ss_plant = power_analyze(mdl, 'ss');
10 — Nx_plantl = size(ss_plant. StateName, 1) ;% Number of states of the p 'Z€
11
12 — linsys = linearize(mdl, io, SimTime);
13 — Nx_sys = size(linsys. StateName, 1) ;% of states of
14
15 — i = startsWith(linsys. StateName,
16 — Nx_plant2 = nnz(1); % N
17
18 — if Nx_plant2 == Nx_plantl
19°= linsys. StateName (1) = ss_plant. StateName;
20 — elseif Nx_plant2 == Nx_plantl - 3
21 — k = contains(ss_plant. StateName, ' 0');
22 — StateName = ss_plant. StateName (k) ;
23 - linsys. StateName (1) = StateName:
24 — else
2 — error (' Mu t match’)
26 — end
Matrix A:¢
1 3 4 5 6 7 8 9 10
i 4 0 3141593 0 0 0084 0 942478 0 -00844
2 0 0 0 0 0 0 0 0 -0.3000 0
3 0 0 0 0 0 07608 0 850 0 -0.7608
4 0 0 0 0 0 0 0 0 0 -0.3000
5 4.4390e-07 3.9477e+04 0.9000 -8.5528e-08 -35.8974 314.1489 -3.8299e-07 0.2700 -11.8431  -204.0458
6 -35746e-08 27960e-08 -100.8464 39477e+04 -3141487  -35.9260 27960e-08  -329539 2040455  -11.8136
7 0 0 -0.0461 0 1.2028e+04 -1.2366e-05 0 314.1349 -1.2028e+04 1.2366e-05
8 0 0 -314.8671 0 0 1.2028e+04 -314.1487 -94.4601 0-1.2028e+04
9 313.4686 0 -20.8782 0 4.2205 -0.0056 4.7155e+03 -6.2635 -4.2205 314.1543
10 4.7050e+03 0 -3134897 0 0 41363 0 46214e+03 -314.1487 74.1363“

- Re-use the MALTAB/Simulink Model

Save Modeling Time

\s = =
P_1Step @2 PQref Control d d
- » vmdqO_s vmdg0 q q
Q1 [v_1) vidq0_s
. - 0 0
ildq0_s Main circuit _1 Gird
PQmea @
ifdq0_s
Model 1
g
PQref Control
vmdqO0_s vmdg0 q
vfdqO0_s
0
ildq0_s Main circuit _2
PQmea —»@
ifdq0_s
Model 2
T
ﬂonf”l‘ —
| | | | | | |
[ 01 02 03 04 05 06 07 08 09 1
Public
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Very Accurate HITACHI
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More Details

HITACHI

Single Converter - Current loop + Time Delay Inspire the Next

Time domain simulation results: rst vs dq0 C
Single Converter: Current loop (PI controller) + Time Delay ,EF!I‘?:‘E ,';'E,!f
3 s Sg:e{Time domain simulation) vs dg0 (Linearized): stable Single Converter: GFVVCC + Current |oop + Time De|ay lrln-sl;!;!;%?rld-le-!t
RST (Time domain simulation) vs dg0 (Linearized): stable RST (Time domain simulation) vs dq0 (Linearized)
U case
-1 1 - T
% 105 01 115 0z 3
Intarmal H e i 318 i3 i= 13 b3 4 1e ”
B & Drabe 022 Hitachi Enengy. Al rights reserved
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