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A survey of sensitivity technique and its application in power systems analysis and control
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Abstract: Sensitivity method is to obtain the sensitive extend of dependent variable to independent variable, using differential
relationship among physical quantities in power systems. And sensitivity methods are widely used in power system analysis and
control. The sensitivity methods are classified as static sensitivity methods and trajectory sensitivity methods based on whether
time-varying condition is considered. Applications of the two kinds of methods are grouped respectively according to the investigated
variable, and application of sensitivity method is surveyed. The overview of sensitivity method’s application in power systems
indicates its great researchful value. On the other hand, the limitations in research are pointed out such as lacking of unified academic
basis, lacking of consideration of limiting conditions in face of practical problem, the slow computation speed of sensitivity, and so

on.
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FRAEAE, FERPRRAEEARRE | EHAT 047, TR
R AT E N E AN AR, RIEK
EEREBE RN, ATREERENSH, SRHIE
ERDA, ERARERERR.

ERNRESTEERT, B RAHE
BAGEE B —HAENH D TERR, XEHE—
AR AR, B

X=F(X,Y,P)
0=G(X,Y,P)

R F #R T RERFSES, G K BYLA R
W B G HRAT RGBS E S, BERIET,
WIS MR ERIZ, X ZRREZE. Y ETR
REZEMN PRANESE . B TEBSIELSL
KEZENHELZENRBE, FUFTEIHEMSN
X =0, HEREEY, HEATUUELY:

0=F(X,P) (2)
a) B RBE
AR (2) KBEP B@{ﬁ%‘a%x?«%éu% i)

REEX NS P HRBE.

b) R H R B

WRAK ) P PREMTEMRE, wW:
P=Hm,MEP%¢E%§§ﬁﬁ%§%%ﬁ
SE X MR P(a) MR R BUE.

BEFEEZEN ATEXFHSREOARR, BE
REEXNH - REFN_MREEZ 5.
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B R g R T BT 5T 3R 45 B 3 2 1 B X 3
WM BVE AT EZEREHBNIRBEREESD
PTIX LR ZXT B A SRR, Pk R B E R
WHETUK, BRHSRBE. CRETHSFHTE
BRI, FImAR (D) B, REEMREESTZH
RS, EEEHLE—NIRE, £30EF0; Wik
ERBERETREGTEEEY, EEEHE—
RHEE, EFESH. ,

P RPEAHTRE]USRER, Wbl
REGEME RIS AT RBERERS
¥HOFSHFIEE RBEYIE W, FHHZE
R BT AR AL AL, KM RAETE .
X RBEMETET URMNESE, MERE,
FHIERE. SHSRBERRKME, PR BUE
BB UARYIAEME. BREREKRIE &N
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HENBH P KW FHOrBEE R
oX
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EHSRBRBEMRLU, B P AEEXE
P=P(o)rt, #HAR 4) BIAWRBENRESE
X SR P = P(o) MERBRBE.

o) Witk & Bh s R

MR RPTE R BE, MERASHAZ,
Vigh& A RAERWE, AR (1) hRTRREHS
WML =1, HZRE TN, BREERE
VERIER AR A R ER B, SRREENVILE KA
RIPBEVREH YL RBE. EE5SEILER
WETEAR RN, ARERAZEARMD.
RTRE FRICER4].
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a) BEBIMNKSHEMREENA

SKBMERS S RBERERERRD, TE
KM E EHMER, ARIFLENIESHERERE
AITTER AR AR . SCER[STARYE T3 X il i ST it R
BUEHF, RAXTRERBREREESZ SR .
R RBUE R, REHRESRE, MPiEBE
HREBEENE . CHR[6)32H T A Hopf 747
RESHRBEARKIRA] Hopf 42 HIBAERT
SEMFT . XEBRT—/MERMES R T
Hopf 43 7 F#5 4547 %% (Saddle Node Bifurcation).
IR TEESGSEH, RERBERREHRESR
EEF 2 SHTLGR % Hopf & MELE. CHE(7]
TENHES T KA RETEEIBHEN THEE R
. B8, MEENESRNREE, HAH%
PERLR B B T T AR R S XA AR
NEBAHRFENREE X, FHTHOAEHE
TG FEMREE. XERBEIRRE B THRE
RAMTEMEMETF S, RENBRETESE, B
FHARREERTES, RN TEERT A
SR TH I TR CER8IHR HE T —H GPS AL
BHELORRENNIAE. REFEHERRREL
ABATRE, Eid GPS MER R MR BHLHIAR A X
FHEEM RBEREERERS.

BT PSS ZAFHXAMHHRHATEREE K
AR . PSS B ZIEEX RAMEELWE KX
Kk BPLE RIRERLEME, BHIERGER EMEHIR
%o 5T 3CHR[9,10],3CHR[11]32 H T SPE (Sensitivity
of PSS Effect) HIMEE. SCHR[12]% SPE M A 7E PSS
ZEMBREE L, ZHERERMAGHER L, K
HIEGHEAFFEE, HARARARKFFEERHAS
RE#EHREEX, MBS SPEFAX. SPEMRMES
5 R B TR AE e AR woe B URFE(E K/ . SPE A8
ASERREMHARNS TFEATEENAES. B
I, AILAMRYE SPE HIF5~ %4 PSS, &5 PSS %
A o
. b) BEEAML R RBUENA

CHRBIRH T BB RBENS. HiEH 3
BA— MERREAE, HBEEREEE—NE
AR, ZTEA U LIRS B ERNE
ISR B R A R RAFHEER W, F#Him
BIARGHBREERL. CRIBIEBETRREHTH
FRPRBEAISFSRER, ZHEHRT
M SERT RGN, BRTERHT KT

BHREELE.
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a) BEBAMESHHPERBENA

XER[14, 151 R BEH TR N RAZ LM
B ERSEHIF, XE4)8RHE TEHELLEVF
R —FFHE. BREEAASITH, REWNE
NHELESHHRBERSETLR, BEZXNRR, 77
IR X &R QS RS &R 2 RE. JLER([16]
BT RBERA T RS EMLERE. Eid
e EME RE A B HFERRFTEEWRR, “&R
GibH e S A R EE R BT, IR ERE
ZAFE R .

b) BEREBAMENEFHNLERBENH

XHR[L71H $E R BUE FiEA F—AME T
FE B B R, R4 4R 3R R SHR A I Y
2. XEHEHIH R BT 8w ALk
FEAAEXAEE., B, BRSNS RZERE
FEAEEKEW A EER T ERTAZRERLT,
Rl T, B nagm, HATHRE
PEREZA, T m R SR S ok R U 7
ST B SR 10 s I EA B, RIET$h
5 R AR TR R AP E ] A

c) BEXEBARGHBIFIETRBE

KENREHSSEEL —MBEHM i H,
KR RAMEEER N RABRENH A, TEER
T4 MPC (Model Predictive Control)#{FH T
HEGEHEMPC B8 TRAEBRRERSRLE
%, EmitrEEREKR, BnLERFHEsH, i
DLX Lt S ERIZE CHNA. XER[18,1914 5
& REEFEHT MPC 1, 774504 THFIEE
Bah AT AESSHARR, RETHEERS R
SE TRV . ARIEIERR B KD ERERER R M FFHIEE U,
R DB R R R AR IE (R, DA
Hopf 73 & L& ML E, il LI REMER
ERE. BRT HTRIERSTUNES THERHE
&, FIER LB EEE R FER EXNSHPR
BE.
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S HBARRERMERNSHBRER S
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AEERGE, BRI E BN TRR.
SCER[22] 80 K H N R G R B RIATHE#AT 2047, FF
R TR RBED T AN RETE R S
M7, ERAERBERRAMS SR RBE AT
BV FIRIAT, KAPIEE, #SThME,
FA RS TR EN XS E R RBE AKX
RIFZLEANT, RGN R ERITE R
SHESTE, KKBEETHENRRE. F,
S TR CLRI SRS 2 MR RE 2 B R R B
SR, 785 PR R B R R A
3.2 BhRFRELHMR A
HARGR—NRRNELERS, FHAEH
SRR LT FRE, EREMNAEHS
BRI, XMEE I RBUE. SCHR[23)
RS T ZETAPH M RBEREX. B
TR EERENTT R LR T R SRER R
B e MR S R B AL B A HE A A et
RPEBI— B REER THEKRENTH,
T RBERZM M E SRR FEEE
FREWEHFNEME. BT M REENTEE
bR, EARGRATEESN, FEIFRFH=H
RBEVHETTE. TEERRA: —HMROEHE
ET IR G

4 BRIBEEMNRYEENEEHEN
Bk
RESBERXEZHRKEERIGE, FLURA

% FE AT BEAFLE 38 454 9 /B (ill-conditioned problem).

HRRPRE ST E IR EE R R E

EE—FH R EERNIZ . Fit, REHEFEME

FEAE T S EON 2 M 1 R R R s i R A AP 4E

B RPEHATEEIN R, RESTREE, o

U E TERESHEREN R, AT UEERSR

SR HTHR AR H R AR

#E M R B E SMU(Sensitivity to Model

~ Uncertainty) , flivH4HEERX RS HH R B

AS AT e RBUE SPU(Sensitivity to Parameter

Uncertainty) ®*. SCER[2515 THHE 1 R B RE,

S3AF T HEXT R (Relative Sensitivity) FI4ixf R

H & (Absolute Sensitivity), FF7EMIEER EFH TH

AW AR AR ORZETER: FHEER B

645 ESI (the Eigenvalue Sensitivity Index) it

feE B8R ASRI (the Asymptotic Stability

Robustness Index). 24 ESI>1 8 F FAHFAE{E R

ASRIIEHRTE 5% 0, T B H B AL SPU ) L.

5 RMEFFERNAZPIERANRE

MEE 2 3R RBBE TR N REH RN
FEUEH, HBTHEAREERNELMS L, &
AREE T ERAEEG O, Tl REEAE
RASTUR 5T A RARRN £ —2, XUENMITIER
5 S RER

it B RBETEER N RE RS, B
ESHT, GUTIRE, TS RSP A AT
R, RBETENHABNRRT RERELTF
W IR T B AR . FN, 48 REET
BHEFTETER LT A

a) R BV HE R =

THERBEY REEER KRS, T HEX,
KARBETMERERE, EVE M REE,
AREF, HHEEEK. ET - RBERNER
R TER&ST. REFATEAFRNRBETE
ik, WEHERTE, (E5 N RBUERH TEL
TR 534 AR = R

b) RBUE T EFEE BN R AR

HRTKRI Y RBEVTHREFZBEIAR, #
FHIZIASRrIE . TS TIEBIRMMER, TREE
FkEKME, SEORTCENEER, ARBET
M T —HNZRSECEREBRNT . NEBY
IRFNBNA R HE ) R HEAT A B R I SEFR ) 2R
L, EmEERZ R ERE.

) JERLGE— I B v A

RBETHEY R BERERRIE, ZBEFLAR,
REERERIEFELHRE, XEMBETHFEEHE, Nix
B b FHAFHIERE L ERE -t E T,
Sk
(1] RE%k BMAOREHEZESNM]. LE. EETE

R HARAE, 1985.

WU Ji-shun. The Static Safety Analysis of the Power

System[M]. Shanghai: Shanghai Jiaotong University

Press,1985.

(2] Z# FEREEERIVM] AR kIR
HipRAL, 1990.

LUO Jian. The Introduction of System Sensitivity

Theory[M].Xi’an: Northwestern Polytechnical University

Press,1990.

[3] Zhou E Z.Functional Sensitivity Concept and Its App-
lication to Power System Damping Analysis[J]. IEEE
Trans,1994.

[4] Hiskens I A, Pai M A. Trajectory Sensitivity Analysis
of Hybrid System[J]. IEEE Trans on Circuits and
Systems,2000.


http://www.cqvip.com

-76 -

PO 00 http://www.cqvip.com]

Hed

[5] Flueck A J,Gonella R, Dondeti J R. A New Power
Sensitivity Method of Ranking Branch Outage
Contingencies for Voltage Collapse[J]. IEEE Trans, 2002.

[6] Dobson I ,Alvarado F L,Demarco C L. Sensitivity of
Hopf Bifurcation to Power System Parameters[A].
In:Proceedings of the 31* Conference on Decision and
Control[C]. Tucson (Artzons):1992.

(7] B, Ao, @R, FREHREUTEETEY
REEEHTI. MR, 2005,29(24):25-30.

ZHAO Yuan, ZHOU Nian-cheng, XIE Kai-jun,et al.
Sensitivity Analysis on Reliability Assessment of Bulk
System[J]. Power System Technology,2005,29(24):25-30.

[8] Hsegawa T,Imashima K, Ohtaka T.et al. Power System
Stabilization Using GPS and Second-Order Eigenvalue
Sensitivity[Z].

[9] Zhou E Z, Malik O P, Hope G S. A Reduced-order
Tterative Method for Swing Mode Computation[A]. In:
IEEE PES Summer Meeting for Review[C].1990.

[10] Zhou E Z.Reduced-order Selective Mode Analysis and its
Application to Study the Damping of Large Scale
AC/DC Power Systems, Thesis[D].Beijing:Tsinghua
University,1986.

[11] Zhou E Z, Malik O P, Hope G S. Theory and Method for
Selection of Power System Stabilizer Location[J]. IEEE
Trans,1996: 170-176.

[12] Zhou E Z, Malik O P, Hope G S.Design of Stabilizer for
Multimachine Power System Based on The Sensitivity of
PSS Effect[A]. In: IEEE Trans on Energy Conversion[C].
1992.

(13] FHMK, FTLEETERHPIERBR BER ST
ED RSB FERER (BRFEERD ,2004,1903).
LUO Ri-cheng, LI Wei-guo. A Symbolic Analysis
Method for Network Function Sensitivity Based on
Network Graph Theory[J]. Journal of Changsha
University of Electric Power (Natural Science),
2004,19(3).

[14] Laufenberg M J, Pai M A. A New Approach to Dynamic
Security Assessment Using Trajectory Sensitivites[J].
IEEE Trans,1998,13(3).

[15] Zima M, Korba P, Andersson G. Power Systems Voltage
Emergency Control Approach Using Trajectory
Senstivities[J]. IEEE,2003,1:189-194.

[16] Xiaoyu W, Ajjarapu V.Application of Novel Eigenvalue
Trajectory Tracing Method to Identify Both Oscillatory
Stability Margin and Damping Margin[J]. IEEE Trans
on Power Systems,2006,21(2).

{17] Zima M,Korba P, Andersson G. Power Systems Voltage
Emergency Control Approach Using Trajectory
Senstivities[J]. IEEE,2003,1:189-194.

(18] Zima M, Andersson G. Model Predictive Control
Employing Trajectory Sensitivities for Power Systems
Applications[J].IEEE Proc,2005.

[19] Hiskens I A,Gong B.Voltage Stability Enhancement via
Model Predictive Control of Load " in Bulk Power
Systems Dynamics and Control VI[A].In:Cortina
d'Ampezzo[C]. Italy:2004.

{20] Nolan P,Sinha N,Alden R. Eigenvalue Sensitivities of -
Power Systems Including Network and Dynamic[J].
IEEE Trans on Power Apparatus and Systems,
1976:1318-1324.

[21] Pagola F L,Peres-Arriaga I J,Verghese G C. On
Sensitivities Residues and Participations: Applications to
Oscillatory Stability Analysis and Control[J].IEEE Trans
on Power Systems,1989,4(1);278-285.

[22] Smed T. Feasible Eigenvalue Sensitivity for Large
Power Systems[J]. IEEE Trans on Power Systems,
1993,8(2).

(23] Gibescu M,Christie R D.Quadratic  Sensitivity for Power
System Steady-state Control[J]. IEE - Proc-Gener,
Transm ,and Distrib, 1997.

[24] Franklin G FPowell J D. Emami-Naeini A. Feeflback
Control of Dynamic Systems[M]. Addison Wesley
Publishing Company, 1994.

{25] Souza Lima E E, de Jesus Fernandes L F.Assessing
Eigenvalue  Sensitivities[J]. IEEE Trans on Power
Systems,2000,115(1).

Yim BHA: 2006-11-21;
EEEN:

YR (1981-), B, HEHa4, HEFALHEL
24 5%%; E-mail: hitmfx @hotmail.com

EL (1961-) §, 42907, KENELHEL
A5 E, REMLT, 5 OCT 5 &AL 4.

#£E B#: 2007-02-05

FHES “BEREEREBREFXEEK” BB BTERPRAITME
A CTAAFHOT XA B RHALTRT R R AL, AABTHEERARE TR BN LT
FHIFE. T A 23 B EF, HREAMREGTHE “t—A” EXHRERA—— “HHELAKL
R RRHAR T EIRAIB A FHUT AR R,


http://www.cqvip.com

