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Abstract The efficiency of the composite power system (CPS) reliability evaluation can be
improved effectively by using the decoupling characteristics between CPS transfer capability and
corresponding load (system-load decoupling). There are still some technical defects in the existing
methods based on system-load decoupling. Existing transfer capability calculation models consider
neither the optimal load shedding under abnormal conditions nor the change of the load level of each
delivery point. In addition, there are few researches on the calculation methods of frequency and
duration reliability index. By using the system-load decoupling characteristics, a method for CPS
reliability evaluation based on delivery point capability model is proposed. Firstly, an optimal
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decision-making model is presented for calculating delivery points transfer capability of CPS, which is
suitable for reliability evaluation. Given that the objective function of the presented optimal model has
successively increasing slopes, the corresponding nonlinear model is transformed into a linear programming
model to be solved to enhance the computational efficiency. Then, the probability-frequency distribution
function of delivery point transfer capability, also named delivery point capability model, is built based
on Markov chain by extending the concept of state probability and incremental frequency already used for
modeling available capability of generation. Not only the probability but also the frequency and duration
reliability index of delivery points and CPS can be obtained by convolution and addition operation
between delivery point capability models and corresponding load models. The analysis for RBTS-6 test

system demonstrates the validity of the proposed method.
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Tab.1 Normal distribution characteristics for loads =4 BN 2 SR
of delivery points Tab.4 Index of delivery pointsin case2
g 4 A De1 De2 Dps D4 Des CMELDC i A5
W1 E/MW 15 6375 30 15 15 lowe!  leens/ lowed  leens/
B2 oMW 167 708 333 167 167 (W4E)  (MW-h/4E) Lowci/$ (W) (MW-hE) Loral$
BEXFLLR YRR A DL EAT o AU B Dpy 211.09 44597 2675829 426 1064  638.55
T 1 (i ENp) B UAE , &A% B A 470 fr P A De, 263  10.66 6390.66 43 1528 9166
EoMMMAE LIRS EMIES oA, E &1 Dps 2.59 4.98 299.01 419  7.03 421.6
MM S8 A briEZD (81 4 Dps 2.53 2.67 16034 682 572  343.02
550 AR s SR far 3 K ) & A B B A [H), R Dps 1251 1523 913819 1681 15537 9321.93
Ei/Ej=ailoj=Lmi/Lmi(V i, ] € Np). %5 1R 2HEARGER
0L 2: LSS 1, Deo 547 B bR AE 22 R Tab.5 Index of composite power system in case 2
1R 3% (REMEAED, B =5 MW, HfhZ 07 loted (N4E)  leensd (MW-H4E)  Tiovcdl$
HARFFAAL CMELDC ¥ 28.92 616.59 36 995.49
3 W N A48 CMELDC ¥ M AR SC 7 iR #EAT 1 A3 Ty 10.89 194.03 11 641.69

BRI LT R A A R SE R AR
WL 2 MR 3, oL 2 N iH5FT 15 0 A BT 52 1 $5
bR L 4 F13 5,

R 2 FIR 3 Al A1, 7E1EM 1 F, MAA
ik K Ag 48 CMELDC A1+ H B3 1 41 & R 4] 5
PR AR AR W B, W A% AU SE VR AR AR AT AE E
S, HEFAK, LAY S AL AR e =
i 280 . ElE=oiloj=Lmi/lLmj(V i, € Np)if, 7F
oi(i € Np) BU(E AH A I 1 00 R, AR SC 7 1k Ktk 4
CMELDC ¥ ¥ 68 % 4 Hh SE I 4 A & G S A% fi 0
] FEVEVEAL . AT, %M EilEj=ailoi=LmilLnj 2
85 4 R i i Tl o 17 A il A L s e S
RS R, 7R SEBR O R A DLW 2, B el 2 [
AN 2 R A

fh#k 2 5% 4 DLk 3 55K 500

1 MF1H0 1/ CMELDC it 545 ), 7
oL 2 T, S5 A E PR AEAR AL, B Dpy £
i bR Z 1 K. AW E PR3 SRR, B CMELDC
P AT Dey PTEEVEFR AR & RG] SE T
P 2 HEBAL, R Deo DAAI R A% i i 1 0T SEVE R
PRARFEAAS . XL N CMELDC 32+ i 5 46 HL g
FI U BT A% F 0 6 g 25 Bl A9 38 K 1 B ] s AN AR, HfE DA
T A i A4 KT AN B E T AR AL

2) fEMEM 2T, BHA T ETES R Dy
MG RG SR AR B8 T CMELDC i 15
gL

3D AT 1 AR EMTHE SR, 121
2 R AR SO IEAS BRI A & RG] SEVETR AR IR
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ARAEB KB FA, & A5 5 ] 5 118 bR B
MR AET Ht, HHEURREHEAR, AT K
BIRERFr s, X5 HIES CMELDC #1521/ Dy
J A RG] SR TR b ™ B 25k 1 1 O
AR S B

AL, AR SCTT VA 45 AT A S A S AT IR
VSRR, U B AR ST PR R R Ak P SR Y R
T B B A8 i AT KPR AN E 1, TEH A R
S0 4% FORES T AT LA SEBL AR L RE 0 1 A B A T
4.3 4 e X PE 28 O] 35 &2 N 43 #7

1E 4.2 BN 1 R B, BB KRG Sk
i S AT B I A B OR D 2 £, RIER 1 b & AR A
LA 1) B B b o 22 3 A8 R JEOR ) 2 £, TR
N R D 2P AT, R L AT 2R TR I N R
KM 2 £, TS LR A DR R A AR . B
Jii 1 SR A8) 2R 430 A7 A 5 SR A5 KT i mL DX R R,
2 BHL 2 ) RSN P

WAl Bk S A, & DU R L AT b B

THOL 3: KB SUG 1 K FATLASE B K 7 A 1 26
YA, %43 B2 & Drcin(i € No) B HUE Y8 FEl 75 1
MNP KM A, B Drein€[0, 0.2Lwil(V h), H &R
F5EM LA

2y WIS AL 4% CMELDC ¥ K A STk H 5
FMHE RG] FEMEIRR WK 6.

=6 BAIEAERGIER

Tab.6 Index of composite power system in case3
I3 lLotee! (W4E)  leense/ (MW -h/4E) lLoLcd$
CMELDC i 199.63 4235.74 254 144.18
A Tj %k 188.53 3876.3 232 578.2

P 3FIK 6 Al A, S1EM 1 AE, fEEH
3N, M AT K A% 48 CMELDC ¥t 543 2 1)
HERFEMIEARA AL, HiTHSANHE
RETEMHIERH R THEESEIMES L. X
B 7E 04 2 BHL 26 Il A0 7 IR I L T, B %A% 4
SR GUAT R 2R AT 2 80 2 BEiVEi=ailoy=LmilLw; (Y1,
j € No)IX FE I RE IR 2541, 4548 CMELDC V{1598 vl fig
B KIRE, HPE8RMmT RS, 1A%
(3 FH 1 TR, R A AR A B0 67 ) e 5 A B ok
& H 4y C K R e
4.4 SREEFET(E) B4R FR AR A0 SR BE S0 43 A

THE A [ R S (R B4R AR BT, AR 1 &A% Hin A
HIBS 7 A Ge it R A v E . ¥l R4 8 736
AN SKFE 2504 /NI I3 — 4k B A B4 (290 3fe DLAH B A%
0 55 1K) S AT VE(E A3 3, 7 Dea~Des [ 97 17 W& 43 5]

548 AT VA Lma~Lms CHOE L HFT7R ). R g
e B AT BT BN, R JB 0 A ABL R 5 S (28
¥ 7 S e AR e FE AR KI43 9 168 N3, B &A% A AT
Fufif H A 168 MMIRES, SARAS Fr 80T (8] il 45 £ 55
i CEPREH RS BIR M BRBEREE) KR, 1
2 E MK 0.05 264 T, I 2 KS 1% (K olmogorov-
Smirnov test) 39,

BEXF AT PEA G &L, 3 N A% 48 CMELDC
15 RS E AT S A

THOL 4 AL TS0 1, & 1850 Sl O Bk
WP g, HA S BORREA AR .

0L 5: HIELIE Bl 4, Do MUK G177 () B8 A7 33 2K
WAl AS NHTURAE I 3 1%, Bl a2=180 $/(MW-h), A
SHRFFEARE.

TENGHL 4, 49 30 Q38 S 2 I R 21 i a) LR
FRAE N AR S S e A R G AT SRR bR LR 7 FI &
8. &L 5 NIIAH R AT EMEFE bR LK 9 FISK 10, &
BARH AL, fEMES CMELDC i 3 R 45 i 4
R R SR R B R AR I ST, R 7T 53R 9t
% CMELDC % )40 % e R 22 ] 18] B 48 5 5 44 A< L
Fr e it 2 — A 3 A sk 2k 5 CMELDC 4556 5
RSSO

KT BRAEESIER

Tab.7 Index of delivery pointsin case 4
CMELDC i A LTT ik
ILOLFi/ ILOLDi/ ILOLFi/ ILOLDi/
ILoLci/$ lLoLci/$
(I (hIK) (I (hK)
Dp 023 451 60.97 0.29 4.67 71.5
D, 0.24 4.45 259.32 0.25 4.29 225.87
Dps 0.24 4.45 121.14 0.24 4.46 116.73
Dps  0.24 4.4 69.27 0.32 4.37 79.4
Dps 3.73 296 744851 3.81 298  7446.19

=8 HRAEERGIE

Tab.8 Index of composite power system in case 4
J5 ik I oLed (N/4E) leense/ (MW-N/4E)  Iiolcd$
CMELDC i 6.89 132.65 7959.21
A ITT 7.28 132.33 7 939.68

M 7R8I, EHN AT, AXHES
CMELDC it H B4 & RG] St febr AR
B, Mot S ENEAGEES, HERA
Ko SXPIEN 145 R B TRl X2 BA & &
AU 0i(i € No) BUE AR R, HL %5 4% 3 250K FH A IR 7D 4F
NI U — A B G B, AR R R R S A S
B /2 BilEj=ailoj=LmilLmij( V i, ] € No) IR IR 26 1 -
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Tab.9 Index of delivery pointsin case 5
CMELDC AL Tg
ILOLFi/ ILOLDi/ ILOLFi/ ILOLDi/
lLoLci/$ lLoLci/$
(kIE)  (h1K) (kI (h1K)
Dpy  0.23 4,51 60.97 0.46 4.69 128.39
D, 0.24 4.45 777.97 0.15 3.71 267.18
Dps 0.24 4.45 121.14 0.41 4.45 228.3
Dps 0.24 4.4 69.27 0.46 4.56 138.05
Dps 3.73 2.96 744851 3.95 3.06  7516.05

=10 BRSHEERGIET

Tab.10 Index of composite power system in case 5
WARES ILoed (WAF) leensd (MW-H/4E) ILoLcd$
CMELDC ¥ 6.89 132.65 8 477.85
RITTVE 7.80 135.00 8 277.96

XHE 7 5% 9 LLK&EK 8 5K 10 WA

1 HEF R 4+ CMELDC 1T 545 1,
TENEHL 5 T 5 24 Do MR A (1 57 453 2 A0 B 386 K,
B % % 2 1 oa(i € Np) IUME A — i, 7E M
CMELDC it 515 2 /& i sl & RG] Stk
fabrd, BR liorca M liorce ™ BBALSN, HRIER
PR FFAAE . XK N CMELDC 2 it 555 HEL fig
JIBF BT A FH (1 7 A 386 K ) ] E AR, 2 A e S AT
AW, ap G KR FEATEM llorce X liolce
B, Al T EE R RS 2 R AR .

2) M THE O 4 AR SOTE TR A R, BT
BL5 T, BLHARSCINETHEAT B De 0] FE 145
e, BR lLoLca FATER M H A1, Deo B R TEAR
9B o 31X PR SR AR S 5 v DA A 474 ek R H
Fr, 2 o BRE, REGEIRE T HL L De % H
RE 77K AH St BE B0, D 0] 52 14 K T TR B 2 52 5

3) A TAE B 4 ARSI LA R, T
5 1, MHARITEMS BB Dee LA A 1E 5
MR bR BARAFE S, B leense FHAT 3N
I KT 150 5 % CMELDC 3% Fr 311 leense, 1B AE
oL 5 AR ITETHER BN Iloree #1EH AL T
CMELDC i 5 5 45 3, 56 fe M A I o
FIAE
45 1RIUGLERITLE

DA BG4 N, oy R AR SO AR G
CMELDC . JE/F T 54 RI& B (Nonsequential
Monte-Carlo Simulation, NSMCS) & J¥ #5245 R K&
48 ( Sequential Monte-Carlo Simulation, SMCS) [
AT R B . AN TR D7V AR B ) RBTS-6

TR G ] SR AR AR SO B R IS AT I () AR 11
BEPLTE LA leense 177 2 R 5012 Ceense=<< 0.04 1E U8
%A . TFEH BN Matlab7.0, Intel(R) Core(TM)
i5-4440, CPU 4 3.10 GHz, 4 GB W 17,

BHR 11 w5, AR SCT7 vk 5 EIE I 5 45
e R, U 7RSI A Rk . BIASCTT
P VS & U iR SN RE R AN UE | o R R e
B () Wl 4 D9 oy B v LRI R B k47 SR D, B
Uk B (8] AH b A% 48 CMELDC 545 BT in, {5 —
HHBMHEZEANKR, BEE, Bl 4.2~4.4 7515
AT, A ST T v RE T A MR A B A B e A R
SIE, YWIAHLE T 15 98 CMELDC ¥, A5k
RETE CRIETH SRR RN, AR PR A5 45 SR s &
A

F 11 AEFREMBERITL
Tab.10 Comparison for results of different methods

A7 CMELDC % NSMCS SMCS

leense/ (MW:h/4F)  132.33 132.65 127.63 133.35

ZATH A]/s 4.54 3.88
:l: ~
5 2;. 'l«%

AR SCAE R B R BRI SR b, 32— R A 41
BRG] SIS L. FA TR B

1) 1 A i A PR AR A R SR AL RE T
A R B SAL Y GG 7K AN M B S A B A
oK SR S 11D 52 00, S 325 1 i A PRLRE 0 1 A B A TR
R T CRAIE BT 1594 i 0 2 B R A At . BT AR
T AT B BRI A RG0S AR 0T S DR A
gk JLTF A5 S e 746 11 R ) R SR

2) BT ARSI R, BESEIH A R Y5 M R A
(AR 2 A, AT S MR bR 1) T 50T b AE A 2R —
ROMBBERAIMEEHELH, ¥ 745
CMELDC iR, tHHEBREE . HH, RAHA
X, AMLAEAF B A R e FLAE Hr i 2 L T
SEVESR bR, T LI BB A5 B A A KRR i [R) BY 4% AT 4R
PEFR AR, AU S R G0 AT SRV N AT

3) AR A SCHE L (1 i L RE AL SR B 1) H
W bR A B AR R T A 0 B A B Ay SR B, (FL2& M
DA AT S PR 7T b P R I B A A7 e ek H A iR 280
KB, AMEBLME, WY Drel/h CRIATREM FA
IV T NN S AL A =R AN OB UR SV Gl N
B Drc N, HEIEEAL Dre B33 B Canis
PIAA oA Gl O, #en) i, RIARAG H bR BT
R “HA” (5“7 2HMK) KT Drc

6587.46 16 335.32
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FEPEVEAN B ALK

Bt x

fT—HERGRE s T, X T A& %0 5 Dri(i € No) 19 %
HRE /1 Drci (Zf&) , HJ X=Drci, HAHMNEE Fx IR
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_'Bi 2 ADTCi_Limax :ﬂ| g_ADTCi_Limax (A6)
il (A4) W&, A, KT Dro G M) 5.
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App.Fig.1 Diagram abuot optimization
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