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Abstract: With the rapid development of DG technology, penetration rate of DG from distribution network
is increasing, meanwhile the security influence cannot be ignored which need effective security evaluation. The
comprehensive evaluation algorithm based on analytic hierarchy process ( CEA-AHP) is presented DG node
model to power grid is established, combining flexible structure quality of distribution network, the security
risk of this kind of power grid is comprehensively evaluated by using utility theory, through low voltage risk,
overload risk and loss of load risk three aspects. Adopting IEEE 33 nodes distribution network system, by
analyzing the original system, considering DG system and system of cutting a tie-line, the example has shown
this kind of evaluation can reflect relative level of power grid security under different hypothetical accidents
and the various reconfiguration method in a certain accident, providing reliable reference for assessment,
overhaul and planning about distribution network considering DG.
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jlf3

0
5| LA Bz 47 75 SO B HL AT SRR SR AT T 4

ULk, oA EORE & e, EE AR
SUSHEAT TR BT, SCERT61% & 4 A K
Bic i 1 m] RE R AR BEAT T2 B b, WEIEEA
AR AR SCRITIA AR R T %%

T2 | @i hdl - BABRN - 2019FE38% B4

Hr o SCHR[8 1 T AN [ 2 T AN HE S 5 2R 53 A1 UL
I, HURE TR AR S R T M S AL AT 2, SC
FK O T BT e S £ FY 22 R 0 4 A 2 R YD D 18
NP, T T o Al PR IR H ] R T P il 2%



AT, SCERI10]1HE 1 45 AR 2RI FR A R AY
BFUART 5 A R R e A% A Aoz B e G FL 2 6 HL KT Y
SO, IR 2 T IIRES, SR Z A e % &
SRS B 59 HT

A A, OB PR il . i i B R S
AT REAF R R, o B HeaE B P AR, 1F
i RALARE, ACNR 2N, By
A1 2L A AR Y, R R B Y A A B
W, IS B A LRI R AR B, R DA
HRTERE, Hmsiaobr, B E AR
FEL IR AT R R IR g 2 2 XL

1 tEXIER

1.1 XFSIEie
AR BRIV A 56 T3 Bl O I Rl RE M K /D
Je o AR R R, AT, S AT LA
RFRIRA
R(CIX))= Y P(EIX,)S(C/E) (1)

Kb, AFEMAEG XOARKEFR EARERK
B, Coh R S = A SR B PE/X,) S IE 50
TRAEFEBIIRER KN S(C/E) Ay & R
FME R ERRE; RC/X)ARGEEA NG,
1.2 ZAER
B RLE —Fh B2, ZEfR Sk 55 5%
I NTRHE AR R . 2O BRSO R RO B —Fb
BEmFoR, O T2 AR, R
o TR 1 2 i U2, AR S SR PO BR R R AL
R RN ERE, BSOS m My
Ry e E R, B A, S(o) IR SR
B . BEE B R m BN, O A R
T, A Gl R RE B N i R L S BE 2 B,
IS (x)>0, 8 (x)>0, 7ERBEEEN, S (x)>0%
JR Bl A A A i, el R B T R R N
S (x)>02% o ™ o 2 1 i o B e U, AR
P2 AT A % eh B tE BT, R R 8 B B R oR
SR R g, RD
S(x)=a(e" -d) (2)

www.eage.com.cn

R R

Application Research |

ARSCRIH IR AR B Rl ERLE
2 SoHhRRRNEET S EANMEE

N T e 2 9 4 A 3 HL D R T e S HRL I 5K
H2EH, TR AR,
2.1 RARBHEFER

JRRE A K AR AL LA R 0 KL K LY
EREE, BEFERNE, IUAXTEEE
HRARKE UL T KLY 1 D P, HBCA R,

P, =0.5p4V°C, (3)

Kb, phZ B, keg/m's VAR, m/s; 4%
FHER, m's CohREERI R 4.
22 REBHFERE

TR e v e A Bt B 2R R SR S R
i FEFIC HRINT I S PR 3R A 5%, O 2 i HH L E
AR R, URRRE . ORI U — s A
s (4) L K(5) For,

G
PPV =PSTC GAC [1+k(Tc _Tr)] (4)
STC
G
T =T ,+30x—25 (5)

1000

2.3 MBI ER

BRRH LA A SR, T s A7 A & HE
ALY, — A%, R LT,
HBE R A 838 v @ik 65% AR HL I 2 Gt Y B
A IR, H e B 45 05 T R 4R R TE AT,
RO e L SiE i A

Uy =N_NU,. (6)
Lo =Ny, (7)
P.=U,.l,. (8)
2.4 BRSEH
R ZELARIA T, PSR A IRE

HEH R ST Tk, e REFEARSR I 75%
Beek g, B

PS T,
P =0.000 293Qf(HV)snt(E)(?§) (9)

201948 - BHEMN - g hd | 13



MAHRE |

Application Research

X R PR . Bk 2R 4 A
WU, IEA AR, #POYI RALEE., nibEE
T B SRS i W KD S BUAL, el £ G EL SR i
T, mhRihgk, REX (9) HREEEXD
K AHLEIHLAR ) =

ek f s A 2 e e R Y 4 A 2 HL DR
FE LR AL, aNBRHL, APV RALEE,

SR JH FLAC 10 7 6 432 R DO R o0 AR SRR, A
HRER ARG, B R K EHLFIR IR L
S, T LAH B A8 SR b AT R, f ECH
A D tH AN E A R EE P R, AR TC ) )
FA LA (10) EARAH],

0., =1 @+ 1)-P

KA, Qi AFE I 1IOE R I o A XA IR T2 B
BRI e fior BIA S RIS A BT B AT S8 B AN
HEEB s AR B 53 A 2 R R LIS ) S IR (L P
hTEEHIA DD

AR TR AR R A7 SR B I

3 EFEXRSMENGETEEE

3.1 SHABIFEEN

WHOEIR K RGEA B, Tl I LR 2 4
ABCHUE, BIEAPIT s R AL, 250 S 5] ik
Tl TR, F R E A R T R A
DG AR R E T Dh 3, L APOTI R
3.2 REEHSIRAIH R

JRCES: 48 B E 0% K5 1 £t 0 5 9 RURG R D0 2 47
LRI, R A R R T AR
FERIRMI B . MM A ARl , WTRES SR £ FhA
B, AR AR . A o e e DA e 2k 11 £
SRS o T e B B R B R Y o A, R P Al
AT DGR HL [ B P 22 40 UK

(1) R e RS

R L s IR i B x5 BEER R 2 LY
J B ) i WL ) e e 325 G £ R s M A% E) RT RE A I
HfeHFMmERE, RixFEickAdR, b
AV, Vooh i H BRI S E, Bk i A A

(10)

T4 | @5 pdl - BAERM - 2019EE38% B4

HL R R [ 25k 4

Ly Vet 05V,

11
. v (11)

MR (2) A (1), R (R AU
JH PR R R A

S (LV)=e" -1 (12)

E ) A R & 2 e g s S W S 9

J
LV,
Sy =)e -1
i=1

Ao, SABHREA K

WRAER (13) , 07 E 1A XU ™ 2 R B
BRE A RS, B VR, WE TR Ll
A, AR RS (R Rl 2% i e A e, IX
ARG M T PR R .

7

Ei
i3

(13)

o v,
Bl R R ™ B

Fig.1 Risk severity curve of low voltage

(2) s i 2R

B ik 2 AR bR & B X SR SRR E LY, B
G L v sk P A e e 2K A PR A 4o b
P THGE B EAE, TR AR — R
R oy A, BREIR GG, RER /N, BT Re
/N s A i L T ) R/ INAR A A T I £ Vi FEL
b HBCAEZS EIL IR AR, AT DU (5 (R L R i
b R BB A A B, (7% 4 Tt 2 1 o BT
SO A RV A NN Rk S o R U M E
B, X% (KRR ifEFikkER
HIRLIRE AL, LAy i el A E, BUE A% 2
WHI67%, I BARIAEA
L-L,

bR

OL= (14)



R (2) Fask (14)

B ™ B PR AR R A
S, (OL,)=e™"-1 (15)
B, AR G0 A e A ok 80™ 1 A

J
oL,
=2 -

i=

s BRI FAT i R

(16)

K, JABEAREL

WPEA (16) , 05 - T fusrad SO ™ & &
ek, 2R, IWE2HATEURH, it 3
IR B ot (B SR TR

el B

o Ly LR AR

12 Gyferict £ RURG = R %

Fig.2 Risk severity curve of load overload
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Table2 Analysis results of original system with hypothetical fault
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3—4 3 0.1958, 0.146 9 22267, 1.1274 0.010 8, 0.4334
6—7 3 0.199, 0.099 1 0.9057, 0 0.053 8, 0.218
8—9 3 0.1182, 0.077 4 0.3357, 0 0.0162, 0.218
9—10 3 0.233 3, 0.086 1 0.6059, 0 0.0162, 0.099 6
12—13 2 0.1439, 0.061 0, 0.2025 0.0162, 0.0619
15—16 1 0.035 6 0.106 6 0.016 2
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Table3 Analysis result of distribution network considering DG with hypothetical fault
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3—4 3 0.1517, 0.1567 1.962 6, 0.520 1 0.0108, 0.4845
6—7 3 0.138, 0.0882 1.2980, 0 0.0538, 0.2369
8—9 3 0.192 3, 0.0793 0, 0 0.0162, 0.367
9—-10 3 0.015 4, 0.087 0, 0.4447 0.0162, 0.160 2
12—13 3 0.0314, 0.0705 0, 0.8003 0.0162, 0.0162

15—16 1 0.015 0.2423 0.016 2
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Table4 Anlysis result of distribution network considering DG with cutting tie-line 22 — 12
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15—16 1 0.015 0.2423 0.016 2
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