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Abstract

Power flow calculation is a fundamental step for power system planning and operation monitoring
by power grid personnel, and is of great significance for the stable operation of power systems. In
recent years, the introduction of the concept of “carbon neutral” has forced the power industry to
implement energy transformation, and the penetration of wind and photovoltaic power genera-
tion in the power system has gradually increased. However, due to the strong randomness of wind
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power generation, the grid connection of new energy generation will inevitably lead to increased
random fluctuations in the power grid, which will have a negative impact on the safe and stable
operation of the power system. Probabilistic power flow analysis can solve the accuracy problem
of power flow calculation in power systems with uncertain factors such as wind and rain, help
identify weak links and high-risk working modes in power systems, and provide valuable refer-
ence for network planning and decision-making. In this paper, a probabilistic power flow calcula-
tion method based on the Monte Carlo method and the semi invariant method is used to perform
power flow analysis for power systems with uncertainties such as wind and solar power. The
probability distribution functions of node voltage and branch power, as well as the probability of
node voltage exceeding limits, are obtained, providing valuable data feedback for power system
planning and operation.
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Figure 1. Photovoltaic effect schematic
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Figure 2. When N = 6000, the voltage random distribution of node 20
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Figure 3. The voltage probability density function of node 20 when N = 6000
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Figure 4. Flowchart of the monte carlo method
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Figure 5. IEEE30 node system diagram
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Table 1. Computational time and accuracy comparison of different methods

F 1. RNEFHERT R EIFREE LS

WARES
SRER I VE(N = 6000)
FHFRIBIE(IN = 1370)

S RIEIENN = 4000)
S IRAR B AN Gram-Charlier Z24U2 T (3 )
e RAF BVL A Gram-Charlier 2% 4B FF(6 B
AR B LA Gram-Charlier 28550E I1(8 B)
S ARAFEFE A Cornish-Fisher ZLEUETT(3 B
R A A Cornish-Fisher ZE3UE T (6 B
AR AF A Cornish-Fisher ZE3UE TTF(8 B

THE TR

92.3s

47.6s

79.6s

0.432s

0.576s

0.646s

0.496s

0.589s

0.702s

2.732%

0.047%

8.76%

2.76%

0.121%

6.43%

1.66%

0.064%

DOI: 10.12677/0rf.2023.134259 2608

UL


https://doi.org/10.12677/orf.2023.134259

BEM 5%

H ER AT CLE R SR RIS T SORS FEAR m (E o B (AR A, T 2 AN AR Bk AE VSRR L
JETHERS BEARAS, AR TR BB BOA R 8 By RS FERF G 2K, JF Hak S alcs . 27 b, A SCRA N =6000
ISR R IEIEAN 8 B AN Bk Al Gram-Charlier Z040@ LA K Cornish-Fisher 2 #4754 73 #r -

JRAFT A F R SRR 5 N L H R BR AR b, 58 AR : 24 U < 0.95 pu B U > 1.05 pu B, HL R HEER
BN RO R, ik T AT A 3. 17, 22, 29 DU S ARIZR IR 6-7. 10-22. 25-26 BT LLEE
MEGUE, 722 FIFE 3 SR 7 P PRE SRR B0 T I B AT s s P IME  An vl ZE AR L 26 DL S 2R B8
DITC Ty 2 (1) B B AE AR 22

Table 2. Typical node voltages for the two probabilistic algorithms
2. RMMRRECAR AT Qi E

+ SHFFRIEIENN = 6000) AR B0 (Gram-Charlier 24%0)

WS FEME e 22 TR PR 22 FHE i 22 Tk PR 2
i3 1.0224 0.0322 32.7% 1.0227 0.0322 32.7%
T 17 1.035 0.0223 13.1% 1.032 0.0224 13.3%
T4 22 1.0236 0.0313 27.4% 1.0229 0.0314 27.6%
W 4 29 0.9978 0.0154 0% 0.9977 0.0154 0%

Table 3. Typical line power for two probabilistic algorithms

3. PR EAR BBV IR TR

g SHRFRIETE(N = 6000) R AR B0 (Gram-Charlier 2¢%%)

WS T HOAREE TEOTHE EORE AUTHE AR BT TR
9 0.0272 0.002 0.0283 0.003 0.0272 0.002 0.0284 0.003
25 0.0873 0.002 0.457 0.001 0.0873 0.0022 0.4578 0.001
31 0.0355 0.007 0.0237 0.005 0.0354 0.0065 0.0240 0.0047

4. B&5

ASCHM T — P RS AR AN R R AN E B AR B ) R EIR T R T, 1H
FEAR T RALH T R FRATL DA R A7 Aar U8 20 RO AN 2 1, AR A N 28 3 A A A 3 A 7 (1) R e A
B, R e ) TEEE30 75 fUHL ) R HEATBEZR B 0T o AR SC 3 EEE 70 SR v AR 2l

1) M) RGP ARG B, 5 R H R AN S T 2 BRI BN K, HL 77 R G R AN o T 1

2) SERFRIEVEMIUE A d e, (HFRERERTHRN () 2E A B IR B 203 8 B, i 2
FEEESK, HibFOdEAER R, Uboh, EMIF &M N EA R &L Cornish-Fisher 244U IT 1) 45 R
Gram-Charlier 2% £ ¥ 45 5 SIS«

SEEk

[1] T H. SRR = A 38 S B FE ], B4R, 2016(21): 11, 13.

2] EZE SRR BHEAR RAIPHRE(D) R KR R R R IUIR[T]. HUHE S5 B 311K, 2010, 39(4): 186-189.
3] M. ek kREaHRF ] W IEE, 202024): 58-59.

DOI: 10.12677/0rf.2023.134259 2609 BE 51


https://doi.org/10.12677/orf.2023.134259

B 5%

(4]
(3]

FWrak. SRR IR R ERE R ZRE[T]. B S, 1993(7): 39-40.

Conti, S. and Raiti, S. (2007) Probabilistic Load Flow Using Monte Carlo Techniques for Distribution Networks with
Photovoltaic Generators. Solar Energy, 81, 1473-1481. https://doi.org/10.1016/j.solener.2007.02.007

BKEE. EOCRAB N ) RGBSR SD]: (A e ). SR Hdbf IR e, 2017.

TKF5, AR, IR EAR E YR L T A B 1 RT R RIS BARIE D). WIALE R B RN SR RS
JiK), 2021, 18(3): 43-46.

2020 FFEDGR AN K RIS HLT]. Higs Tk, 2021(5): 32-35.

HREE, LR B B L — AT RIN]. &AL, 2020-08-08(13).

RHAER, MR, BB KOTR W RS R RIZ )], 5138 5 R, 2017, 34(3): 321-328.
JEZE. AR BAT IR RARAL[T]. B, 2018(30): 186.

ZRE FBEK, W, BRE. ROTR B EHEEAR R LRI BTN, 2011, 32(8): 64-72.
BETE, BRAIAT. BRIR N IR R R R OS], AEUR, 2021(5): 46-49.

BN, B RGN R ET SR K LR [D]: [ 2 A 5. dbR: b k2L 5D, 2006.

Borkowska, B. (1974) Probabilistic Load Flow. [EEE Transactions on Power Apparatus and Systems, PAS-93,
752-759. https://doi.org/10.1109/TPAS.1974.293973

MR, ZEIRAR, XS B, S IR A 2 ) Rl oA QSR & LA B ). B AL T AR 4R,
2012, 32(10): 80-88.

SRAG . WS IR EFAS 2 A T R S A [D]: (L2008 5], db5T: Ak 13 K2 (dE ), 2009.

Pha E, A, T, 5. 58 E W - -1 B IS AT SR RS R AHESE ). B RGBSk, 2012,
36(21): 1-6, 12.

BRE. SRl 50 2 /N K L X L I 23 Ie 1T T R [T]. =R JIEIR, 2019, 47(5): 43-47.
B, KRE, EEE. MM B RGUEAT AL 58T [3]. BEIAR, 2016, 40(11): 3503-3513.

DOI: 10.12677/0rf.2023.134259 2610 BE 51


https://doi.org/10.12677/orf.2023.134259
https://doi.org/10.1016/j.solener.2007.02.007
https://doi.org/10.1109/TPAS.1974.293973

	新型电力系统中不确定性潮流计算的研究
	摘  要
	关键词
	Research on Uncertain Power Flow Calculation in New Power Systems
	Abstract
	Keywords
	1. 引言
	1.1. 光伏发电的简介
	1.2. 风力发电的简介
	1.3. 概率潮流计算的简介

	2. 潮流计算
	2.1. 基于蒙特卡洛法的概率潮流计算
	2.2. 基于半不变量法的概率潮流计算

	3. IEEE30节点系统的算例分析
	3.1. 原始数据及确定性潮流计算结果
	3.2. 算例验证

	4. 总结
	参考文献

