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Harmonic spectrum estimation method for feeders based on multi-source data
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Abstract: With the increasing scale of distributed power generation and non-linear load, power grid harmonic pollution is
becoming more and more serious. However, for economic reasons, it is unrealistic to monitor harmonic current of all
feeders of a substation. Given this, this paper proposes a harmonic spectrum estimation method of feeder lines based on
multi-source data. This method uses multi-source data obtained from the power quality monitoring, dispatching and
marketing business application systems, and can estimate the harmonic current content of each feeder by only monitoring
data of bus harmonic voltage and incoming line harmonic current. First, the objective function of spectrum estimation is
constructed according to the phasor operation relationship of feeder harmonic current and power relationship. Then, the
improved particle swarm optimization algorithm is used to analyze the objective function based on multi-source data, and
after that the harmonic current content of each feeder and the phase angle difference between the harmonic currents of the
feeders are obtained. Finally, the feasibility of the proposed method is verified by simulation and measurement examples.
The examples show that this method only requires the installation of a power quality monitoring terminal at the busbar of
the substation. By combining basic electrical data from existing business systems, it can estimate the harmonic spectrum
of the feeder, helping to save the configuration cost of substation monitoring devices.
This work is supported by the National Natural Science Foundation of China (No. 51777035).
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Fig. 1 Bus diagram of a substation
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Table 1 Data involved in the method and its sources

Ol R i el i
MARR BRI, A
WMAS sk P
RN, REAWES
IR . AR, EARR
FRUE . BB A R

o Lt P A R
;2?2 #&ﬁﬁ;zﬂg;?%ﬁ&ﬁ P
R B IR B

pemE FH Pk N A S B 5 IRt
TR N N

4 EE‘/JlLfE? ﬁ'ﬁ ﬁgy_fti B




AU B 2 PR EE AR, HES T AR
) PRI B IARTE R R B IR IS TR R R,
LT REGIERITE Al F R ) H AR R
1.2 ERBEREERNBRERE

M AFRERE U ER ARG B AT
(DR

M
Ipcc,h = Zlm,h (1)
m=1
e T, ZBHRPTESE m SRS h I

AR s M % BRI SRR 8. B0,
Y4 4V B A S R S TS, nR(2)
BT

M
Ipcc,h,re = Zlm,h COs em,h
m=1
5 )
Ipcc,h,im = zlm,h sm 9m,h

m=1
AP e TN SR 5L h

BRI SSBREES 6, , LB TS m 5%t
LRIEE h DB TRIAR A D9 1 B A 2R S
AR , o 3(2) HH AR I AR B e 5
R AEKIE, WMG)FR.

M
Ipcc,h,re = Zlm,lHRIm,h cos Hm,h
m=1

7

pec,h,im

u 3)
Locepim = ZIM,IHRIm,h sing, ,

A, Hy,,, N m BRI h DO IR & A
R AE LB BT B W ) rEL IR AR bR R N R
TR M I 5 S T HE e A R AN B 5 R 2 1) )
e, ez ErR R =4GR .

H
Trus :1/112"'21112 4)
h=2
H
21 7
Tips = ”}2 x100% = /sz; )
1 h=2

s Lo NHERAERUAE: 1 NHRREE A BUE; 1,
NSV IR BUE ;. H N U AE R AR I
DR 1Y m VPR B T, 9 FRR A D AR 26
Hyy, N R IRBE I R & A % . Bor@) =t
(5), TETLMFEIPE EH AR, (6.

]RMS (6)

i
D Hyj +1
h=2

K (OYRAK(3), I3 BNE BRIV R H bx

I =

BT 2 U AR R I B AR A T T vk - 65 -
RO
1 = i%H cos®
pec,h,re ~ H RIm,h m,h
" ZHlen h + 1
\im '

L ™

m,RMS

Tocepim = Z—[i,,
m=1 2
Z Hle,h + 1
h=2

Rkt (DI Hy,, ,  cos @, , » BITTES
B TR I IR A o (R SRR ()R Ak
T BT RO B FL R A7 AE P A 1), AR SO 45
1B 2 REAARIR, LL2 SRBEREE h UGB IR
BT o, AL, s I, A (m=1,2)
KR 3 MBI —J7H, SRAR SR A ZE
WEAFRARAM—, W2 HmEnTA—5&
s =, BAREPIRNTT 20N BB PR RA
[, AHZ A B~ IR s I AR & AUAR R
F—J7, BMERE IR S IO E A R, K
HABAAEATES, Wk 2 hiEnTT{—M&
A=, BHLREBRRIEEME, H&HK
T ISR OB BRI RN BR, R A2 P A
R & IS DL BE I8 & s FE e Il U r LA 22
Al —— amrR—
—— BAA=

Rl =) |V vt
NS T HLAUAR

Hle,h sm Hm,h

\ 4

Y

2 IEREREHNEE
Fig. 2 Harmonic current synthesis schematic
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Table 2 Estimation result of Hyy, and its error
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2 [0.12,0.21] 0.17 0.17 0.00

3 [0.05,0.10] 0.07 0.07 0.00

HLRAP 4 [0.02,0.06] 0.04 0.03 0.01

5 [2.59,2.93] 2.76 2.89 0.13

7 [0.74,0.93] 0.83 0.88 0.05

11 [4.08,4.65] 437 4.60 0.23

+ ik 13 [2.65,3.02] 2.82 2.97 0.15
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Table 3 Estimation result of harmonic current phase

angle difference and its error
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25 [122.72,150.66] 136.54 142.39 5.85
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Table 4 Estimation result of Hyy, and its error
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Fig. 5 Estimation results of similar harmonic source

simulation examples
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Fig. 6 Main electrical wiring diagram of substation
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Fig. 8 Estimation results of 3rd harmonic current
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Table 6 Estimation result of harmonic current phase

angle difference and its error
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