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ABSTRACT: With the large-scale integration of global
renewable energy generation, broadband oscillation risks in
power systems at home and abroad have become increasingly
prominent, posing significant threats to the stable and safe
operation of the power systems. Impedance-based stability
analysis has emerged as an effective methodology for
analyzing and mitigating oscillation issues. Accurate
acquisition of broadband impedance characteristics serves as
the fundamental prerequisite for oscillation analysis, where
specialized impedance measurement equipment plays a pivotal
role. This paper first conducts a comprehensive review of the
historical development of impedance measurement equipment
worldwide. Subsequently, measurement principles, topological
configurations, practical applications, and performance metrics
are systematically analyzed. Finally, the paper provides a
comprehensive summary, along with recommendations for
technological advances, engineering application, and standard
formulation of impedance measurement equipment in the
future.
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Fig.1 FRA-based impedance measurement principle

FRA fi i U IEEVE D 1 mV~10 V. SRS
7y 10 pHz~40 MHz PR3N ELEAS 5, JFld Th
JORZRAER, ATl 5 KW L P 000 % 2 BHAT0 N &
Venable Model 6340 FRA Z:#¢in# 1 iR, sey
w2 Prs.

Z#&= 1 Venable Model 6340 FRA &3
Table 1 Parameters of Venable Model 6340 FRA

S e

A58 FEIKY 0.22/0.11
bisE~ HAH
HE SR IHZ 50/60
K& 2 S/ MVA 0.005

W E ARG Hz 1x107°~4x10"

2 Venable Model 6340 FRA SZ4[&]
Fig. 2 Physical Image of Venable Model 6340 FRA
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BRE. HT FRA BIFHGTIN RS 52 i i 748
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Fig. 3 Measurement principle of modular scalable
medium-voltage impedance measurement equipment
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Fig. 4 Topology of modular scalable medium-voltage
impedance measurement equipment
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Table 2 Parameters of modular scalable medium-voltage
impedance measurement equipment
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Source Reconfigurable Medium-voltage & Control

Terminals - IMU Busbar System ¢ Terminals § Cabinet
=R - Y laees -

N | *’;. S22t

5 RRUWAIY RAEREMNERE
Fig. 5 Modular scalable medium-voltage
impedance measurement equipment
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Fig. 6 Measurement principle of NREL impedance
measurement equipment based on grid emulator
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Fig. 7 Topology of NREL impedance measurement
equipment based on grid emulator
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# 3 NREL &ETHENELBNEMNIERESH

Table 3 Parameters of NREL impedance measurement
equipment based on grid emulator

ZH HfE
e FLEIKV 132
HRE =
BUE S Hz 60
BRI B2 E/MVA 7
BV Hz 1~1000

B8 NREL ETHBMEMHFMERNERE
Fig. 8 NREL impedance measurement
equipment based on grid emulator
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Fig. 9 Topology of impedance measurement
equipment based on VSC-HVDC
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RO, 2016 4 5 H, %% A ER SLEHE R 1158
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#F4 ETF VSC-HVDC HIFEITNEREZFEH

Table 4 Parameters of impedance measurement

equipment based on VSC-HVDC

B3 Hfl

BUE IRV 10.5
AR =

B SRR Mz 50

K2 EIMVA 35
5 FElHz 10~35

10 #F VSC-HVDC MR E R %
Fig. 10 Impedance measurement
equipment based on VSC-HVDC
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Fig. 11 Measurement principle of impedance
measurement equipment based on
power amplifier of EGSTONG
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Table 5 Parameters of impedance measurement

equipment based on power amplifier of EGSTONG
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DR [/ Hz

[ Lo

B 12 ETF EGSTONG INZEMA RPN E K%
Fig. 12 Impedance measurement equipment based on
power amplifier of EGSTONG

1.4 EHE
MR AT, SRR, FARKFEE ) T,
HFAE ] 55 JBVEE O GARBIF 7T T+ XU RELAITE 7T i LT

BRI KRB

1 57 B FGRBT T T -

2020 F, fEE IS RE KGR R
(Fraunhofer Institute for Solar Energy Systems, ISE)
BF 75 T D) I PTIN EA A, AT
AR AR 2% 1 AR LTI B %), ISE L Foh
ORI BE T &= R EE an ] 13 Fros. RT_LAB %
ST Vies FILBI AT Vo, R HIHR
PAARADL 28 77 A = AH IR LR Vias Vaps Vi PRI HL
FE Voas Vpbs Vper JEITIIIER = HH LRI, FEEUHE
DT 5 FE AP AT o

e

g
PO

[E 13 ISE ETIERM AR 2 RIE
Fig. 13 Measurement principle of ISE impedance
measurement equipment based on power amplifier

2R HESER 1KV, BRI BB 0.5 MVA,
AR 10~10 000 Hz, Z ¥tk 6 iR,
2020 4F, %35 % 1E ISE Multi-Megawatt 52546 % 58 i
T 5SS R AR 8 (B K TR 2.5 MW) (1 AT
B, R 14 Pk,

%6 ISEEFHEMABNMANELESY

Table 6 Parameters of ISE impedance measurement

equipment based on power amplifier

WUE HLRKY 1
AR =

e S Hz 50

K& 2 S/ MVA 05

W ARl Hz 10~10000

14 ISE £ TIhERPAFHETNERZ
Fig. 14 ISE impedance measurement
equipment based on power amplifier
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Table 7 Parameters of PQ4wind test platform
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Fig. 15 Measurement principle of impedance
measurement equipment based on flexible
medium-voltage perturbation injection converter
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Fig. 16 Topology of impedance measurement equipment
based on flexible medium-voltage perturbation
injection converter
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Table 8 Parameters of impedance measurement

equipment based on flexible medium-voltage
perturbation injection converter
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HSE HLE IRV 6
iR =M
HE S IHZ 50
BRI R RIMVA 10

W AT Hz 1~4000
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Fig. 17 Impedance measurement equipment based on
flexible medium-voltage perturbation injection converter
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Fig. 18 Topology of broadband admittance
measurement equipment of Hunan University

ZH A HIES Y Bk, &K ERE
10 MVA, TSR EE 10~1000Hz, S4# 9
FroRt, 2021 48 8 H, g &E ks e T
1.5 MW XU X CE AL BE ST I &, A& an il 19
Jm .

*9 HMEAEEINHSHUELESY

Table 9 Parameters of broadband admittance

measurement equipment of Hunan University
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HSE SR IHZ 50
K E 2 EIMVA 10
N2 A Rl HZ 10~1000
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Fig. 19 Broadband admittance measurement
equipment of Hunan University
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Fig. 20 Topology of broadband impedance
measurement equipment of
China Electric Power Research Institute
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3) PR AT A
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7 MW 2 AT 42 58 Ay BH T 225 4, 1T A
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Fig. 21 Broadband impedance measurement
equipment of China Electric Power Research Institute
#10 HEBNNFARREFERNERZSH
Table 10 Parameters of broadband impedance
measurement equipment of
China electric power research institute
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