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Voltage operating state assessment of active distribution network based on
fuzzy dynamic time warping algorithm
ZHOU Jinhui', YAN Jianfeng’, WANG Ziling',LIU Wei’
(1. State Grid Zhejiang Electric Power Research Institute,Hangzhou 310014, China;

2. School of Automation,Nanjing University of Science & Technology,Nanjing 210094, China)
Abstract: The voltage operating state assessment of ADN (Active Distribution Network) can effectively inte-
grate multi-source heterogeneous data generated by operation and characterize voltage operating state of ADN.
In order to objectively reflect the voltage control ability of critical nodes,reactive power interaction supporting
of interconnected partitions and reactive power balance level of the global distribution network,a multi-particle
scale evaluation index system of “node-partition-network” is constructed. The FDTW (Fuzzy Dynamic Time
Warping) evaluation algorithm based on fuzzy recognition and dynamic time warping is proposed to transform
the voltage operating state assessment problem into the fuzzy sequence pattern recognition problem,and the
minimum bending distance is used to compare the similarity between the unevaluated and reference samples.
The effectiveness of the proposed index system and FDTW evaluation method is verified by an actual example
of ADN.

Key words:active distribution network ; node-partition-network ; multi-particle scale;fuzzy dynamic time warping

algorithm;voltage operating state assessment
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Fault section location method for grounding fault of distribution network based on
zero-sequence characteristic
ZHU Gelan',LI Songyi',LAN Jinchen',ZENG Dehui',LIU Yinliang®

(1. College of Electric Power,South China University of Technology,Guangzhou 510641, China;
2. Electric Power Research Institute,China Southern Power Grid,Guangzhou 510063, China)

Abstract: The existing fault section location methods of distribution network have been found with poor
adaptability to different grounding faults,low sensitivity and other problems,aiming at which,the characteris-
tics of zero-sequence current and zero-sequence vollage (ransient components al upstream and downstream
of the fault point under different transition resistances when a grounding fault occurs in the resonance
grounding distribution network are analyzed. It is concluded that the ratio between the integral of the zero-
sequence current within a power frequency period and the zero-sequence voltage,i.e. the zero-sequence charac-
teristic, at the upstream of the fault point is significantly different from that at the downstream of the fault
point. Based on this conclusion, a fault section location method that can be used in resonance grounding
distribution network is proposed. The simulative results show that the proposed fault section location method
is feasible for high-resistance grounding fault, low-resistance grounding fault and nonlinear arc grounding
fault.

Key words: distribution network ; fault section location ;resonant grounding;zero-sequence characteristic ; distri-

bution automation



A R(14). (16)HEFTE

AAG—GI .
. ———=—=sin(ayt + ¢, +0)
_L ig,dt afa)f2+§2 l -A, e " sin[a; (t+T,) + ¢, + 0] -sin(w t+¢, +6) _

U [T LA + 07 sin(art-0)| " LA +67) e sinfo, (t+T,) - 0]-sin(ert-0)
-A, e """ cos(w, T,) sin[e, t + @, + 0]+ e " sin(w, T,) cos[w, t + @, + O] —sin(w,t + ¢, +6) _
LA, (@f +5%) e~ cos(a, T,) sin[e, t — 0] +e~°" sin(w, T,) cos[e, t — ] —sin(e, t — 6)

-A, (e7™ cos(e, T,) ~1)sin (a)ft +o, + 9)+e’ﬂ° sin(a)fTO)cos(a)ft +o, +6?) _
LA (o +6%) (e cos(e,T,) ~1)sin (@t - 0)+e "™ sin(w, T, ) cos (et - 0) B

-A, \i(e"’T" cos(a, T,) —1)2 +(e™)’ sin (a)ft +, + 0+ﬁ)
LA (e +67) \/(e"m cos(a, T,) 1) +(e )’ sin(at—0+ )

~A, sincos(p, +26)+cos(at—0+ B)sin(p, +20)
LA, (0f +6%) sin(a)ft—9+ﬂ) -

I_CAZ(_a)—?AJr&z)(COS(% + 26’)+cot(a)ft —9+/3)sin((p2 + 20))

% B: K (15) #HERTE

A _—LCAQ\/[C:—ZZm:Cnéa)fJ +[gCn(52—wf)—éj _

f n=k
LA (@f +5°) Lo A (@] +5°)
2 2 2 2
\/g} +2C25% 0" - 4C§"’f +CE(s* +w;‘)+‘;2—250k(§f“’f)
f f
(@} +57%)
2 2 2 2 2
\/a)f +25 +Ck2(52+wf2)2—25Ck(5 toi) ﬂ 21 + ZC“Z— G, 5
; R __\RLC, L RLCS LG . GlL_
2 2 - 1 = 7 K > =
(o +67) V R Ry

L.C,

C

Lc(C _Ck) 2 2
- Ii—fz+ck <—\/§=—Ck
M c. R(23) SR

L < + LC z +
[Tiwd (gt LLCPIASY - A ¢ (2 LY Cp) (AR - Ae™)
t k _ k=i f k=i

t+Ty -

uo t Lc plAi(epl(HTo) _eplt)+ Lc pZAz(epZ(HTO) _epZt)

Alepl‘ (eP1To _1)+ Azepz‘ (epzTo _1) m
Pt (aPiTo -1 Pat (@ P2To -1 +ch
R p,Ae™ (e™° 1)+ R p,Ae™ (e™" -1) i35

Y C, ML 107, FHERIN 0, FiLH

k=i



t+Ty U
J-t IQ';dt 1 Ae (™™ —1)+ Ae™! (e —

1) —i A&(e% _1)+ Aze(pz'pl)t (epzTo —l) AI:_—AQ
U[ET TR p AR (€7 —D)+ P A €™ —1) R pAE™ —D+ p,Ae® P (P —1)
P, — P T
i (eplTO _1)_e(Pz'P1)l (epzTo _1) B i i_’_ D, (epl 1)
R, pl(eplTO ~1)- pze(prpl)t (™™ —1) - R | p, pl(eplTO ~1- pze(prpl)t (e™™ —1)
bt D
Fwalos Fvaln ovil £ o o e N e S
S R/ A
al /V /ﬁ& A /\ /\
LR AN | R / A
vl / / \ AN
A . / /
WiV, VIR,

© 0080

(a) TEERME 10Q, HEMIERA 0

c o0%0

oo Grapns
oo =L = Vot a0 [0 (=i s [=vosfmoa [svea[mns [mvos

A a

VoA

A\ | |

/\\/& A
VN /
VIR

(d) iEFE 500Q, HEEHIHE A

aaaaaaaaaa

c 0090

| Lo]

[
P
AN
/ |
V.

(b) ILIEEFE 100Q, HFEX]HEAREH

ssssssssss

sec poao

il l |

A
acl AL
I \ \
LAR | R | R
@RV
\/ / /
Wi

c 0.0%0

4l l 0]

(c) TEEE 200Q, HFEVIHEA 45°

(e) iTIERME 1000Q, HFEHHEA 90°
B D1 FRIBHERE

Fig.D1 Original simulative waveform




ROLFEIHEREATHEEREMAESTER

Table D1 Simulation analysis results of fault location scheme

Eé[; il{i oF max(P(n) K12 Ka3 K34 Kss 45
1 QF2 QF3 QF4 QFs
0 100Q 0.0021 0.0015 0.0010 0.0004 0.0001 1.4 15 25 10 0
1 1000Q 0.6041 0.0015 0.0010 0.0004 0.0001 4027 15 25 10 1
2 EEEM 10986 38663 0.0152 0.0082 0.0387 3.519 2543618 1.854 2.546 2
2 100Q 2.0747 7.1515 0.0024 0.0005 0.0001 3447 2980 4.8 24 2
2 1000Q 0.8716 5.8738 0.0016 0.0007 0.0002 6.739 3671 2286 8 2
2 3000Q 1.3540 0.4961 0.0013 0.0005 0.0002 2729 3816 26 6.5 2
2 POk 0.9519 1.6417 0.0162 0.0028 0.0011 1725 101.3 5786 14.73 2
3 &EE 2082.5 1649.2 6959.6 0.0152 0.0099 1.263 4.220 457868 702989 3
3 50Q 6.8446 3.4089 19.351 0.0011 0.0007 2.008 5.677 17592 27644 3
3 5000 4.1106 16.211 2.4590 0.0004 0.0001 3.944 6592 6148 24590 3
3 3000Q 0.2713 1.0831 0.7685 0.0034 0.0030 3.992 2346 2260 256.2 3
3 IR 4.2646 3.0190 0.8149 0.0007 0.0003 1413 3.705 1164 2716 3
4 10Q 43.275 251.96 67.740 155.68 0.0016 5.822 3720 2.298 97300 4
5 1000Q 3.9351 1.0499 5.6125 0.0004 15.673 3.748 5346 14031 2.792 5
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Fig.D2 Main station judgment flowchart of distribution network
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