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Coordinated injected and non-injected inverter impedance estimation

WANG Ying', LUO Yucen', YIN Yushan', MA Xiaoyang', JIA Shiru', WANG Xinyue', CHEN Weidong?, GUO Min’
(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China; 2. Electric Power Research
Institute of Guangxi Power Grid Company Limited, Nanning 530023, China)

Abstract: Accurate inverter impedance information is essential for analyzing and solving issues related to the stability
and power quality of new energy grid integration. To address the high cost and safety risks of injected impedance
measurement, where disturbances are intentionally injected into the system, as well as the low accuracy of non-injected
impedance estimation, a coordinated injected and non-injected inverter impedance estimation method is proposed. First,
an inverter parameter estimation model is constructed, using historical impedance measurement data as input and
minimizing the deviation between the estimated and measured impedance values as the objective. Considering constraints
from the filtering circuitry and control loops, optimal inverter parameters are obtained. Second, a dynamic impedance
clustering method is proposed, which uses the solved inverter parameters as features to classify and aggregate impedance
measurement data, while the clustering results characterize inverter operating sub-conditions. Then, an inverter impedance
estimation method is proposed to construct the feature matrix of sub-conditions based on historical impedance
measurements, and real-time power data acquired from non-injected measurements are matched with elements of the
feature matrix to estimate inverter impedance in real time. Finally, simulation results verify that the proposed impedance
estimation method has strong anti-interference ability, achieves higher accuracy than either injected-only or
non-injected-only methods, imposes less impact on the system, and holds practical engineering value.
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Fig. 1 Flowchart of inverter impedance estimation for

synergistic injection and non-injection approaches
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Fig. 2 Single-phase grid-connected inverter model
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Fig. 3 Flowchart of inverter parameter estimation
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Fig. 4 Schematic diagram of inverter grid-connected model
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3) A R BH P
HEATPH BT ERT, 3 ANHH A 1~10 000 Hz. 1
8 6 V IIEZIaE S A5 ik o Mz imIREs,
BRI ATIRAS R 10 YOHAR 22T, DLk NgiAE
A BELB I 15 2 F 4 TR s, 645 31 90 A PHBE
MIEAET
32 IR R AR SR

Table 2 Inverter filter and controller parameters

WA k k; o) @, L,/mH L,/mH C,/uF

P g P
1 5 400 314 1 18 0.9 5
2 5 400 314 1 18 0.9 10
3 5 600 314 1 18 0.9 10
4 15 400 314 1 25 0.9 5
5 15 600 314 1 25 0.9 5
6 15 400 314 2 25 0.9 5
7 20 400 314 1 18 0.9 20
8 20 600 314 2 18 0.9 20
9 20 600 314 1 18 0.9 20

5.2 58 1. SHLIT

1) Z5UhTH 45 R

B H BT S BUGT ik, 3 T 90 B EdE S
HEFHIHPTRIEN, WO HirmE, it
H R 9 MigPIRE TR AR S, S4BTk
B FHEAR 10 A28, 3£ 90 A4

AL VVEFMIZIPIRET 10 ASEHFHEAR
eGSR, W 5 Fis.
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BITIRE4 ZATIRASS — izfPIREe
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Fig. 5 Parameter estimation results
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ALy o IETTTERIRI C; AR E RN O s A
2 NSHULLOY AR, AN HERIR T
key AR BIEAR IR @ o FHIS ISR 5 St o0 A
FIR9 FISATIRES Il T 45 R 53R 2 WS E T

OUAHAT o
ZHANTT R E BT 3 iR, RS ILHR
3N 9 MHEATIRA N PP S B T AR 2%
< 3 BHRHITEXIRE

Table 3 Relative error of parameter estimation
%

w&E K k, o, w, L, L, C;
1 1.89  0.03 2.47 3.26 0.98 222 0.89
2 0.1 0.81 1.82 0.54 0.04 0.4 0.04
3 0.17  0.54 1.75 0.43 0.01 0.47 0.01
4 0.9 1.1 0.66 2.68 0.36 0.75 0.46
5 033 295 0.66 2 2.14 2.16 2.59
6 1.57 1.06 0.65 0.55 0.67 1.41 0.78
7 2.5 2.12 0.07 2.5 2.29 222 2.89
8 2 2.89 0.03 3.06 2.56 1.11 3.12
9 297  2.68 0.05 1.8 1.68 2.22 2.58

Hrr, BATIRE 11 O ZHHIHXRER K,
N 3.26%. EEBTZSEASEHEE, #TH
XPIRZETHERS, - REEUN: HARYEZE 3 9512047,
ZZHECS TR AN B &, TSSO,
XF 2O H xR B MU TTBREE B, PTEAES
Hoflivh i AL @, ZHAFAE —E R %, WEAE H AR
B ME . B BRI HTRT A, AETCRE S U
DT, AR B EAG T IR RS R

2) TR 7 LU o pr

AR WA BEAT 0 M, X 9 RS ATIRES TR
3—19 It 9 ANEF BB BE T R AE AN 25 dB 1
T R, R AR 90 B PR B EE  18 FH R
SHEUG T 43 8] EiR 90 AP S BN AN IR 2%,
Nk 4 fios.

x4 BEFRTERSHMEITHENIRE
Table 4 Relative error of parameter estimation under
noise interference

%

RS k, k; , O, L L, C;
1 2,12 0.11 147 131 1.28 1.29 5.11
2 078 051 031 177 044 0.35 6.94
3 0.61 056 019  1.69 1.74 1.35 5.06
4 039 118 1029 062 031 0.01 5.52
5 0.96  3.11 1039 071 0.38 0.58 2.76
6 1.89 139 119 063 215 1.36 9.4
7 728 226 943 016  3.93 2.28 7.32
8 878 387 567 033 479 1.65 6.21
9 681 382 396 012 439 0.03 5.57

x4 d 9 MIBITIRET, BRIZITRE 4. 817
R 5 R TR 6 1 o, ZHUSTHHIRHR ZAE 10%
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Fig. 6 Inverter impedance curve
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Fig. 7 Silhouette coefficient
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R 5N 4 FACERMEHPUE & T TSR R 1
Fl. HIE& 5 AlA, 4 DNEPUESHER S ZESR L
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Table 5 Resonant point range of representative impedance set

RE|HUEEPIES  ERA UHz R & 2/Hz R 2 3/Hz
#£51 40~60 500~560 2190~2600
#5452 40~60 350~390 1600~1870
#E53 40~60 420~480 2190~2600
Hh 4 40~60 210~310 970~1200
2) FiEx

NS IEN A TR TV E S IR R T,
AT HE TR S FoAlh 2 FhERZE DT AT HLEL,
6 Jhm.

* 6 BITIEILL

Table 6 Comparison of clustering methods

fi BPEAE  SC WS &aifﬁ
JiE 1 4 0.9878  O(N,N,N,) 1
Jik 2 9 0.9026  O(N,N,,N,) 1
Jk3 4 0.9878 O(N?2) 2

H, TRk 20 3 3 ANASOIR T Tok
TR ) k-means 715 ERHIETRGE M) T % &
(A e 7 87 FH 2% (8] 5 25 (density-based spatial clustering
of applications with noise, DBSCAN). MIHHTES
. SC. WIEBEARE. HSEHAH 4 NEEHFAT I
o FEXTELTTER 2, ARSCRERITIE 1 H IR 9 Fh
BATIRERIE N 4 FARKRMASIES, SC H N
0.9878, RHMEITESHNERED, TREEK,
R, Tk 2 BRI K, KREgAREL
DU PURr PR 2 45, L SC B 0.9026, K
ERRPE AR . XPEE D75 1 A3 3, IR TRt
1T 7 HFFIESRL, FrLARIREE R —5, ARRescilA 2%
Ra. BT, BN, SERKETHANE
B, 7k 1 BINEN 2R R LS REARAN N, OE
be, 107 3 N TRIR R N, B9k 1 B3
TWERE MBS, T7 3 FERBIRIEEE .
BN BN ES . Rk, TEIRUE SR RUER 1)
IR, ARSI E R, R
5.4 &8 3. kit
5.4.1 TR FFAEILAC

FEARSCH AR BT AR g R A 5.1 Tk 9
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o D B D) R, TR BN N 10 ms,
FEEW 4 s AT —RBEPUMTE. ETFEFA 45 K,
FARDIRES N RS 1 AR, (i nlRefEX
4 s WRAE TIBITIRESE, M HE AN Kl 2
FAREMERA YT, AIIEA S T ZAHMEIL &S
HERTE, ATTWE 3 Mist, WK 4 RAGRMER L.

Yist 1: 1817IRE 1(0~4 5).

Y5t 20 IBATIRE 2(0~2 s)HBITIRE 4(2~4 ).

Yt 3: IBATIRE 3(0~2 s)HIEATIRAS 5(2~3 s)*
BATIRE 7(3~4 5)»

7 N3 MimECT DIFRAHE 4 TSR A
95%BEFEXIE. &1HE, sl 20 3 8a8 1. 2,
3IANDIFRHE, S seE UERT .

R7 NERBERHEBERXE

Table 7 Power characteristics and confidence intervals

Yt (u,0) BRI
M o
1 2 (21152,2.93)  (209.5421349)  (2.8,3.09)
, A (287.973.15)  (285.85,290.09)  (3.01,3.31)
2 (200.27,1.73) (199.1201.43)  (1.65,1.82)
A (288.67,3.09)  (286.58,290.76)  (2.96,3.26)
3 2 (199.77,1.59)  (198.69,200.83)  (1.52,1.67)
A (437.32207)  (435.92,438.72)  (1.98.2.18)
Kl 8 ATyFILEA R, B, &, i,

R S PR PIES 1—4. B, G0, 426
FAE D A 5 1—3. iR K 8 hiEAE 5
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Fig. 8 Power matching results
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Fig. 9 Impedance estimation results in Scenario 1
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