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Abstract

With the increasing number of nonlinear power electronic devices such as inverters in oilfield
power grids, the number and types of harmonic sources in oilfield power grids continue to in-
crease. Therefore, it is very meaningful to study the mechanism of harmonic transfer in oilfield
power grids. Harmonic state estimation can provide an effective means for analyzing and master-
ing the harmonic transfer law of oilfield power grid. Based on the structural characteristics of oil-
field distribution network and the working characteristics of typical production equipment, this
paper takes node voltage as the state variable and branch current, bus voltage and node injection
current as the measurement variable. The node voltage measurement equation, branch current
measurement equation and node injection measurement equation are established. A mathematic
model of harmonic state estimation for distribution network of oilfield is established and solved
by least square method; the error caused by underdetermined equation is corrected by taking into
account the correlation between the current ratio of branch wave and the harmonic current ratio.
Simulation results demonstrate the effectiveness of the proposed method.
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Figure 1. Node-to-branch incidence matrix 4
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Figure 2. The flow chart of modeling and solving of Harmonic State Estimation
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Figure 3. Simplified schematic of Oilfield distribution network line

Bl 3. s RBELE

DOI: 10.12677/tdet.2018.74010

82

i TR S EAR


https://doi.org/10.12677/tdet.2018.74010

B

3.0. BMRENHR

Lk HE 6 SRENBCE &, BEAL CT. PT ZBREINE 1 JiR:

Table 1. Measuring equipment configuration

F 1. BNRERE

A E ST CT ZHe Rk HL PT Z%E 540
1 3 13
2 3 1
3 1 1
4 2 1
5 2 1
6 2 1
Bt 13 6
3.2. BUEAbE
B SRR LR S JNR 2 PR
Table 2. The parameter of field line
2. HHAZ%ESE
s HBH/Q HJ&/H
11 0.0591 0.0015
12 0.0237 0.0006
13 0.0118 0.0003
21 0.0946 0.0025
22 0.5121 0.0132
23 0.1042 0.0011
31 0.4139 0.0107
41 0.1182 0.0031
42 0.0237 0.0006
51 0.0591 0.0015
52 0.0237 0.0006
61 0.0828 0.0021
62 0.1301 0.0034
B 5 RIS R SRR 3 PR
Table 3. Measurement of node 5th harmonic voltage
3. TR SRIEKBEEN
R g HLEIRAE/V HL AR iz BE
V1 266.94 149.16
V2 456.32 128.99
V3 23.352 146.55
V4 508.45 126.72
V5 521.83 126.09
A 238.36 144.58
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Table 4. Measurement of 5th branch harmonic current

T4 IS ORIEKEREN

SCHE L T SERTLRLIEITN FHL AR oz /
11 3.63 92.91
12 2.16 —85.99
3 1.50 —77.30
21 6.32 -158.83
22 6.42 2433
23 0.37 -83.29
131 9.35 -122.52
4 1 0.28 -92.12
42 6.25 18.27
151 2.75 -164.88
152 3.42 -163.54
16_1 6.52 -149.69
16 2 423 —85.00
3.3. LR¥IEE
I IS FH e AR BN T R AT SRR, 5 RWK 5. K 6 Fis:
Table 5. 5th harmonic voltage amplitude error comparison
5.5 KB B EIREIREXLL
AR W B (7 BAE/V W (B S/ B R
Vi 1 259.65 259.76 0.04%
V12 268.68 268.64 -0.01%
V1 3 267.54 267.47 —0.03%
V21 479.72 479.83 0.02%
V22 331.18 330.47 -0.22%
V2 3 456.68 456.69 0.00%
V3 1 180.77 180.48 -0.16%
V4 1 509.39 509.32 -0.01%
V4 2 502.94 502.91 -0.01%
V5 1 527.78 527.82 0.01%
V52 524.82 524.83 0.00%
V6_1 257.79 257.92 0.05%
V6 2 256.60 256.30 -0.11%
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Table 6. Sth harmonic voltage phase error comparison

6.5 WIE KB ERABRENL

TR A EAR S FABLOT EAB/V i EnATRC XIS W2
Vi_1 148.17 148.15 —0.01%
V1.2 149.39 149.40 0.01%
V1.3 149.23 149.26 0.02%
V2_1 127.96 128.02 0.04%
V2.2 135.86 135.39 —-0.34%
V2.3 129.05 129.05 0.00%
V3_1 145.26 146.13 0.60%
V4_1 126.84 126.84 0.00%
V4. 2 126.96 126.95 —-0.01%
V5_1 125.80 125.82 0.01%
V5.2 125.94 125.96 0.02%
Veo_1 142.41 142.50 0.06%
V6_2 147.69 147.76 0.04%

AR BEAE S TSR BT DUR IR AR, B XS 6 AN AT I I, R BB 19 AN A
W R ATIEE R s . A Ty KRG, fEZRE R, R T 4 AT, BPIE 2
Hial~ad 500, ISR E AR R SRARIX LA AU L . SRR FR

T AEERR 4 AR B0 ERGE TR R E BRI E, ISR 0T S I 15 2 FTIS 1, HIE
Bt 19%19 B4 21x23. G557 7. % 8 fik:

Table 7. The 5th harmonic voltage ampitude of the node obtained by underdetermined equation

F 7. BEXREREREHREERE

R RS AL ERITE=REVAY LR AT TAY R
Val 529.73 558.88 5.50%
Va2 529.13 497.23 -6.03%
Va3 530.07 625.82 18.06%
Va4 531.24 363.27 -31.62%
Table 8. The 5th harmonic voltage phase of the node obtained by underdetermined equation
8. BEREFEKRGT B EREM
R RS AR FLAE/V [ AT K EVAY R
Val 125.74 124.81 -0.74%
Va2 125.74 126.76 0.81%
Va3 125.62 125.74 0.10%
Va4 125.84 125.79 0.04%
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IR AR ZE /N o G HI I FH 2 A5 AR 07 S 8 2R o ) R P AL LU B D IR A AL, R BORIARTEL

I 9:

Table 9. Fundamental wave current ratio

9. EIREIRELE

SRR e
ial/i5_2 0.5788
ia2/i5_2 0.4213
ia3/i5_1 0.6434
iad/i5_1 0.3569

WL 9, BRE IR NIEE T, BIFER 4 SR b FE il &, $08 2% 50T NS
PRI BN 0.57882 511 15 2. 0.4213 £ZHY i5 2. 0.643391 {51 i5 1 A1 0.356846 1551 i5 1, BEEFAS[ET
ROENGOL, H HFEH 19x19 ##hy 23x23, i X P75 3 v] DB RGE TR IEURIE € T2, 1HE 4

mFE 10, F 11:

Table 10. The 5th harmonic voltage ampitude of the node obtained by positive definite matrix
F10. BEEEREKRET ABEERE

TR RS R B BB/ V RN R VAY =
Val 529.73 530.83 0.21%
Va2 529.13 529.73 0.11%
Va3 530.67 529.46 -0.11%
Va4 531.24 53591 0.88%
Table 11. The 5th harmonic voltage phase of the node obtained by positive definite matrix
F 1. BEEEHFERET KBEERML
TR RS AL FAR/V ARRLTHRARV =
Val 125.74 126.29 0.44%
Va2 125.74 125.74 0.00%
Va3 125.62 125.75 0.11%
Va4 125.84 125.23 -0.49%

M 104 & 11 ATBVEH, S EPCRR S I RROCR, BRETRBEONIEE TR, TR
KA E RS 07 FAE R Z W R D

4. &g

NSRBI BRI AR5 2 7 T RS T B R,y FH R rp AR A A AR A O T vk H 2 i
HAREIEEAN RS R AL W HRAB I LA %, S0 o 3 e K A SR AR A i,

B HiaE 5. W

RS 5 I AR A AR AN BRI W BOE IR DL R IR BN 1R
)AL, BRI AL R A K e rl fEis

170 BT LA, A A6 W 5T FH G A Y A 3 i 7 AR LB,
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