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ABSTRACT: DC microgrids have high energy utilization,
flexible dispatch, and high reliability, and they are becoming an
important research direction in the field of distributed energy
consumption. The bus equivalent impedance is a key parameter
for the structural optimization and control strategy design of
DC microgrids, and its accurate calculation and measurement
are of great significance. However, current measurement
methods still suffer from low accuracy and complex measuring
setups, and there remains considerable room for improvement
in the estimation and measurement of equivalent impedance. To
address these issues, this paper introduced an impedance
measurement method based on energy and signal composite
modulation. The impedance measurement signal was generated
by modulating the power converter's switching frequency,
eliminating the need for additional complex devices. Using
time-division multiplexing with selected frequencies enabled
efficient parallel multi-frequency impedance measurement. An
optimal measurement frequency model was established by
analyzing system resonance and filtering constraints. Using the
selected frequency for power switch modulation, time-division
multiplexing technology was applied to achieve efficient
parallel impedance measurement at multiple frequencies,
thereby enhancing both the effectiveness of signal injection and
the measurement accuracy. Experimental results demonstrated
that the proposed method significantly enhanced the

measurement accuracy of the equivalent impedance, with errors
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of less than 5%, and provided technical support for impedance

evaluation and optimal design of DC microgrids.

KEY WORDS: DC microgrid; hybrid energy storage; energy
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Fig.1 Structure of DC microgrid
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Fig.3 Schematic diagram of DC bus impedance
calculation

TDM & —FBfEHAR, DhEMLIELSE 5Kk
AR AN [F T B, I8 AN [F 4S5 IR A R 2 AN [
(IS IR Bk St Rl — AN B EE1E, DLl 2 s
S S SR S HBARL A,
MY BB SCRERE E TR HIAZRNT R G2 (1) 0 #r, 18
RE % 75 B 2H 04X 3R AT A ) 9 ) AR T 1 B AT
B, ARdRE T BTSSR AR . R B
REGBHBTI R TAEF, R S AL RE8 13 3
A8 FFIRATER P 7= 2 RN S 5 BRI AT, PR TE
THRRPE MBS AEENRR. REMA
PWM KA 2 D AR, EFEZHMEAR
MBS S, FIAB 8 HERETHE A
PWM KA 2%, PWM KA 2% Bl 4t s 4 52 i
BAF S, EhERe b AR e 38 T T O (T T, S
ESREEE SR, WK 4 R,



F50% F1M o

R 327

% SATRR
L 7

4 [ESEHIREE
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Fig. 5 Time division multiplexing signal demodulation
process diagram schematic diagram
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Table 2 Impedance measurements
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%Mz Ry/Q  Ly/uH Ry /Q  Lpy/pH Ry /Q  Ly/uH
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600 0.00992 0.98212 0.01002 1.00141 0.00977 1.04823
700 0.01092 0.65010 0.01001 1.00008 0.01110 0.50128
800 0.01104 0.66007 0.01000 0.99995 0.01096 0.51898
900 0.01005 0.99500 0.01003 1.00050 0.01018 0.93263
1000  0.00998 1.02000 0.01000 1.00021 0.01005 0.94003
1100 0.01003 1.00303 0.00997 0.99988 0.00992 1.01876
1200  0.00999 1.00197 0.01001 1.00010 0.01012 0.99538
1300  0.01000 0.99555 0.00998 1.00005 0.00977 0.96505
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frequency modulation method
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Table C1 Second harmonic impedance calculated by

A% /Hz RL/Q Lyy/uH
500 0.01005 1.01000
600 0.00995 0.99878
700 0.01092 0.64213
800 0.01098 0.58993
900 0.01009 0.99996
1000 0.00990 1.00301
1100 0.01000 1.00172
1200 0.01002 1.00227
1300 0.00998 1.00061

*®C2  RERIFHIE RIS B

Table C2 Third harmonic impedance calculated by

frequency modulation method

S /Hz Rui/Q Ly/uH
500 0.00988 1.01021
600 0.00969 0.98813
700 0.01115 0.60375
800 0.01094 0.64646
900 0.01012 1.00458
1000 0.00986 1.01067
1100 0.01014 0.99426
1200 0.00972 1.00568
1300 0.00996 0.99889

*® C3  IRRIFHELR ISR B

Table C3 Fourth harmonic impedance calculated by

frequency modulation method

i /Hz RLI/Q Ly/uH
500 0.00985 0.99586
600 0.01012 1.02141
700 0.01098 0.67338
800 0.01103 0.63201
900 0.00995 0.99870
1000 0.00978 1.02068
1100 0.01033 1.00021
1200 0.01036 0.99308
1300 0.00979 1.01483
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