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Stability Analysis of Particle-Spring Systems
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Abstract: The CCEBC { complementary cluster energy barrier criterion) theory. recently developed for transient stability
assessments of power systems, is rigorous and gquantdeative. 1t has been widely used in power system engineering projects ac
home and abroad. In this paper, CCEBC is applied to particle-spring systems to study their motion stability under large distur-
bances. The stability margins of disturbed trajectories are investigated and the nature of that the unstable mode varies with the
disturbance clearing time 18 also uncovered. Swmidy clearly shows that quantitatrve stability analysis is much more advanced than
qualitative analysis, and CCEBC is valid not only for power systems, but also for other motion systems.
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1 3|7 (Introduction)
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energy barrier criterion) & 7E EEAC ) E 88 Bl & 8
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MR ERE(RSEBERE) PR R/E.
CCEBC B R T F¥RE R R AEEEN AR
EHERG FBREDRENLRRXEHRAGERTE
v T A B A BN AR A THEMT VR R S
BRUREZBEMNERESN ARBERLIKN
THEE e R R R AR R R R
Nof (v b B B, RE R IR B I TE SRR e, SR LR
ShEEPHBESR EMAMGEFERNEERR.
CCEBC Bt B x IR ¥ LRIk E ) R % +iF
EERHRARMNE.

%X i& A CCEBC #it , 3 A s ME H MK
REEST TREHKELLST . ITERAAERIIX
HaERRAREERMSNEeEtt.

2 B AT RS MEE S (Sability
analysis of single particle-spring system)
2.1 BRGRHEERE 183 (Description and phase
trajectory of single particle-spring system)
TETHFHESZHENFERERERRL.

S+ 8(1-8¥s-a)=0. (1)
HP0<a<l ATHR (D FHHERRA:

8= w,

& = Pn - P.,

P, =0, (2)

P,=-8+{(a+ 118 - abd.
TR T —-TMRERN I MES, XS P, HES
P8 MEMEAT mEsD

RI1ABREREERNR o B FHHENE, HPH3
TR ETA A S (0,0 888 (1,0) Fdl
(a,0). %0< e <058 (WE 1a)), F—KFAR
HUHET 8 5(0,0), P BHE LR EWE R

H(8.w) = ol - 4 84+ 1528 - 282 TR PN
w SR AR, R S ERAH, RS R
%8RRI TN KART R, 4 o #1

B, RS CLE 1(b) & 1(c)).
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Fig. | Phase portraits change with parameter a
2.2 KBTI R G M (System stability vnder
large disturbances)
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PRAAEAFN « H T AZFTH. BETL
(23T R R, AR5 1R1E CCEBC Bl
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Fig.2 Swing mode and stability margin change with
the disturbance clearing time

MImE4 458 TRAANEHBAEESN
SR (P-o) FEEMNY RAREE. 34, K
RTEIEE A ME R T IERGE ST, I B B A k.
WHHEHBRE A FEINFEUE, BAEERE
o] A BE il b PG, 7 « = 3.28s, YA S
£ d AEAFH, BT RN R/PDKIESE, Bl 8

Di%)



http://www.cqvip.com

54 HaBRERBERRBAST 711

Bt AFNNESIBTEERES PR EBE. H
CCEBC 138|618 S E R - 6 x 1077, RiF B
TRHEERERABAEE H = 079:H,6 1%
FREHPER —Elop 5, AREREHNTH
WMRERE 2E. LEHE & WA A EEHZE
W TE AR ANE S (BEINENTE 4 BTN,
EECROE, ER SESEm A, BT d A
Tt ABRREDERBEmE ERE.

A CCEBC it R EHE, B P-6 FH L& EXN
HER AT (BESENSI RS EBTEAN) 5
FERIMEHZE S - 0.79: N, HEBRTHRE
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Fig. 3 Time-evolving trajectaries with different
clearing times

-0 10} 3
-0 L5) ¢ :
p iy thpgp '
0z 04 06 D0F L0 gl

(a) 7=328s

F
0oa} /
d /[
gz -
£ 0
-0.04
~0.08 0 |
0. Snsp do 14 15FEF\;_
-02 <01 ¢ 01 02 03 03§/

(by r=0.79s

-008! ¢ o'
010, 1omm o 5 drm
0 Ot 02 03 4 /pu

tcy 7=0.78s
B4 FERIRDIFREE T HISE 4 / i B E
Fig. 4 Orbits on the force-position plane with
different clearing time
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%, P FWMEMBAREEERN(H 4

(c)) IR ERN . RAK T EWIE P BRHTF
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3 ZHRRABREREZHOIEEMSH (Subility
analysis of multi-particle-spring system)

3.1 SAAHMNRANEFRBEREEXRLDHT
#9718 2t (Model of multi-particle-spring system
and stability under large disturbances)
EEMTEAMNIARARAERA:

—31 = .

@y == 801 - 38 - &) +

(8-6131 = (8,-8,)1[(82-8y) -az],
<31 = Wy,
wy = ~(83-8)[1-(8,-8,)][(8-8) - a1+
(83-82}[1-(82-82)1[(83-82) —aa],
83 = an,
Laiy =—(53—32)[1—(33—31)][(53—32)—03}-
(3)
HP P GRRARARS AR —BE, B a, = 0.1,40;
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=0.4,a; = 0.8.

BEAGESH o BT —TRER 0.3, BEHR
v B35 . A QCEBC 33 3018 30 & 48 b 47 8k
EENST. EAM ARG BRZHEGE,RE
F CCCOI-RM ZE e $ F iR T WS 3 P %E
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TEASIF KB HR BRSNS ERE, FEAA
ARESTBIERSHE. . BEEREBEENMAES
HNBRRAGENRERREMABER.
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Fig. & Distribution of unstable modes on 7 axis

FEr =185 NEHT,.EVERBEMT
TTH 18s A HETE &+ Y- _ L IR B R BA 2 (0B
70a)) HRH#. N CCEBCHENTFBE PJ M
FCRE (bR UEDL: REEFEAE 2 ED8
P DSP(E 7(b) 8 4 &), K EHEBE ST DSP
A BT A, W DK BT rpsp = 13.25s (HMTE P-6 il
FAT BSsHHASERITHE ZEkl MR
BEtERSTFEETER TN FEN—FIH.

25
L3

]

& /pu

10t

0§ pr——

e — e
0

fnsp N
0 5 10 15 W s

(a) TE&-¢ Foi bF LFEB 18RI EER

A
002 o
noLt P

Pr 0 d

Ok

-0}

pipu

002

rerﬂ- J[]SF -
090 095 1400 LOS 100 LI5S 120 123 & /pu

by £ P g FE EHAFA 1325 Bl AT E RA AR
BT oW poo FHLEHKIEE RHERE

Fig. 7 Cumparison between two methods
3.2 CCT %R {5 (Evalvation of CCT accuracy )
fR4E 12 8 2 5 MFIE , 7T LRI A CCEBC MR )
BEAMEARRRESHEM R EHBRE, 5 K
Ryl 1B (] OCT . #£3F £ CCEBC Mt iHE (i
Hy o) HOARHERT R A T RB R BE I AR R
(T o) RtrdE. MR E A RFENEE6
(HTH j #m)NE:
A = (2, - 1768 % 100% . (4)
FERBBNE SEHRERTE, Ak | BiFln
it #5R B LAE Y CCEBC WA S 4 N .
& 1 OCT it ek s
Table | The accuracy evaluation of stability
limits given by CCEBC

B BH 1A <5% S%B<lAl <D%
B BN MERH oRREE g
le.2 175 174 1
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3.3 ST ERIKRE (Unstable domain in parame-
ter space)
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Fig.9 The mode may be very sensitive to parameters
AREBHHIHEE(1079),% o = 0.7600, ¢
= 1.15s T# 1000s WHIBETREGE, RH
RRE(HINTRIPH A I). NEE - B
0.0001s( Xt 3 FH 9 89 B &), HA 1 75 291s BT iR

F| 5 44 #2859 DSP T 2618 : W RH - 380 0.0001 s( M
RTEOHM C A, e | 7E 229s Bf IR 3§ 34 12
FDSPMAR MR ABNEE I o« W
0.0003¢ % TE 9 ) D R), R | 7E 201s B i
FI%E 44 120 DSP A48 WRH o 8 0.0001 (X
FTEOWE E &), R | 7E 237s BT IR B[5E 36 &
M DSPM ke AR, IBEM A RTEEIMNHE
T FE EBEABEAAE AR
SE3% (ISD, isolated stable domain}.

4 &5t Conclusion)
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WAEHAEFT A B E 0 . W R B CCEBC &
WHERBEERM IR, RERUSRGHETEAR
HE  AHE L IR AR I (0 I
BB BB AP SR EIEDN, R ERE
Mo EEIT A —ERERBER IS . 2 RNE
BTV AR B TR AR EE.
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