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Abstract

Development of modern power systems towards large scale power system,
high voltage, and long-distance transmission plays an important role in
economical use of energy, but also challenges the power system security. With
several widespread system blackouts resulting from voltage collapse throughout
the world in recent years, the problem of voltage stability has attracted persistent
interests of researchers.

In this dissertation we focus on two aspects: Singularity Induced Bifurcation
(SIB) of power system DAE models, and High Side Voltage Control (HSVC), and
some conclusion are derived,

A) Based on bifurcation theory, a “single machine-constant power load” power
system is studied to discuss the influence of excitation parameters (exciter-gain,
excitation limit and voltage control point) on Singularity Induced Bifurcation
(SIB).

B) An efficient algorithm is developed to compute the closest direction io
Singularity Induced Bifurcation by computing the left eigenvector of the Jacobian
matrix of the algebraic part of DAE. To control power loads against this direction
helps to keep a system away from SIB,

C) Theoretically describes the effects of High Side Voltage Control (HSVC) on
stabilities of a “one generator and one infinite bus” power system by the
compensation of transformer impedance and the improvement of system damping.
Eigenvalue analysis and step-by-step simulations show that HSVC can improve
power system stabilities.

D) Based on a simplified generator model, the eigenvalue analysis is performed

on a single machine-constant power load system to study effects of the High Side
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Voltage Control (HSVC) on system voltage stabilities.

E) Several problems, such as overveltage, var sharing between units connected
together on a common bus, and cooperation of HSVC and LTC, are also
discussed.

Keywords Voltage Stability, Singularity Induced Bifurcation(SIB),
Eigenvalue, High Side Voltage Control, Excitation Control{ HSVC)
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T, RIS R R B E R MR . B o K, BB AU
Mg sh, WA SE TS8RO EERE.

41



WHL RSB H 208 30 b ROER IR T 2 M R i st

3.2.2.3 RhETRE
WARGLFEITTHFENERFLEIRT, & BB TE B H

TR BB IE RN E ,,, R, BEESERS. REHERBAA:

T 4o 1;: =
p— ' 2 i
_Jce+.xdE‘+xd ’x,, (v, +.xZQ)+E,a.w (3-13)
Xy Xy
EVE -, PY (V2 +x.Q)? =0 (3-14)
T, BMRENDHESEREZLMRANA, B 3.7 ME 3.8 954
H T K H 100, BT £, B 1.3.1.5.1.8 B, g5 LR det[ D, g(x, 3, £)]
B 1 7e7 A B S I
VLip.uw) fdmax=1. 3 Det [Dygl
fdmax=1.5
o 9of Bfdnax=1 8 o.zsf
h Power
0.8 ) _ . o.5(p w)
-0.25f
0.1
0.5f
0.8 0.5
0.5 -1
Power Bfdmax=1 8
v ) -1.25 fdmax=1.5
0.2 0.4 0.5 0.8 Efdmax=1.3

43.7 BT Efdmax BT FEM K PV gk
Fig.3.7 PV curves with different Efdmax

A 3.8 BHETH Efdmax B FIEE A9
Det[Dyg] i 2%
Fig.3.8 Det|Dyg]} curves with different Efdmax
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HU) RERIRTR B B @ A EARE

Mk det[ D, g(x, y. B)] #5488

3,  WRPVMEEFTEBHWTE, WhT REHFEMBK, K
EHRFESDEUNSEEL] Hopf 4%, NRAHEWBES S
7S HER I AR

PV BT FAMRAEDRR I FRETTHEER (WA 7 F,

Efdmax =1.5 XTJ‘JE‘ZE{] Hﬂﬁ)o

3.3 WA S o & M h

IR, SIB W AEZE R AIE T B0 R SRR B X B A
TR RGEATE, WRARAEEME AR T EEEN, ARKNBEE
BB, A HRE BN RS A R, EEY, B, 2
K23 118 SR 400 40 T & REE0 40 70 AOBH TR M. 1L 0 T U6 0
SNB HUAR P EE. AHRER A BREME R, Wik EN AL
U RESH BB, U — SR RENET R, &GN
S 55 DA B o8 1) TEEE14 4 2R S0 R0 IEEE30 T £UE 460 B3T3 45

3.3.1 WREHS S & KBk

S E TR B TR SRR — A ML —1E S 1 R 2 R i
T, TURET RAZNR%. K484 HEHH SIB X F 42T
o], AR SNB A HB S 5.

E’ Xax Vi

@ —— %lPHO

Bl 3.9 BAL-5 5 RYR R

Fig.3.9 A simple power system
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HE R LS il 0  R AR R R AT AT 5

BH-ESR AR ASWME 3.9 Fron. RABIURREG A, Bk
Ef85E. RETTRN:

2
d5+D£ci+fg—Pm=0 (3-15)

M 2
dt dt

g=E 'V} —(xzPY —(V} +x,Q) =0 (3-16)

LR f, BRI AR, P RREAHAANMI R . RE&
ZEHNS, KBERNV,, BHAP. Q.
RETRESTENE X det|D,g]=0 M g =0, AR PR QHBHT
], i 2 s

8
0.4}
D.Qt
o 5.
\ .
0_0% 0.1 0.8 D.2

B 3.0 BPL-RANFRRENTRBES DN AR
Fig 3.10 SIB set of a simple power system
S oA REMARL TEBHZE, Wt SIB m4. Al ARE
S W, BREHEA SIBMiKZRTE.

BEESHERE—R B, S EA—R AR

f- BB, W AE B,
B 77 R SRR R STB T B0, AT AR £ A
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BAHRKHSRE R NLERE

B O R P i Ak, WRT LU R RARTE RS STB 4.

MTHENLAPQYAREIERSL, SHRTREERIN &, TikBd
B REE N LS. BRTEAITESFAREEE, RUBFH
(0 32 TR B

WAt REF 2 €€ XM, & SIB [de(D,g]=0, DgH 1%
FREME, HRBEEEESA .

wD g(y..8)=0 G-17)

D, g WH REFIEALX AR IE W B 7E (3., B.) MUIKE N-1 4RO

H, T EER R (L) KYFEmE.
R MHEER g, MEARENER Y, WE

wD, g(y., By =nwv =0 (3-18)

Bl w5 v T BT FEAR N-1 AN AR50 P B A 1 1) B A AR
B, wBEET (., A) LT, Ri%ApEm g,

XA, R R R A RBOZ AN ) D, g B ARFID A B, #AT DU BT R
SIB W KRR R, Rtk S Ll s, WA R BRI SIB K

3.3.2 B45p)
FE EWRB R TIERAE R, BAIE IEEE4 A A% (T4 6-14
b PQ AT ) FIIEEE30 i REE (1744 7-30 5 PQ fgr i i) o, &

MALAAEH AT/ TR, REENEHFRESS RS FF2HRIGL A
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ML 2 0 0 e AR e R BB R M AL IR 51

LD, ] M FIFEEH R MR AR R R, ST TR CGRATEBIA 14 W Rl

Bl -

&—: Wrl 6 ATV, KINAZEN Fril KA SIB bf R 045 51w

Table 1: Control strategies for SIB captured when increase active power load

at bus 6 while reactive power load keep constant

TAS P Q

6 -0. 62858 -0. 48018

7 -0, 20366 —0. 38515

8 -0. 19192 -0. 14578

9 -0. 19992 -0. 13573

10 -0. 15944 -0. 11002

11 -0. 07252 -0. 052011
12 -0. 010014 -0. 010629
13 -0. 024308 -0. 017307
14 -0. 12078 -0. 082769

£ VWA eTh¥n, HAZEN IR SIB X5 (4 SRRk

Table 2: Control strategies for SIB captured when increase reactive power

load at bus 6 while active power load keep constant

 was p q
6 -0. 14253 -0. 81477
7 -0. 07217 -0. 36965
8 ~0. 085841 -0. 21831
9 ~0. 11262 0. 2061
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WAEENEREFTENBERE

10 —0. 095997 -0. 16165 !
11 -0. 047887 -0. 071898
12 —(. 0063588 -0. 012505
13 -0. 017464 -0. 022779
14 -0. 079008 -0.11718

F=e WA T AL E BT SIB X B B SR

Table 3: Control strategies for SIB captured when increase both active power

load and reactive power load at bus 8

s P Q

6 0. 0050451 -0. 108684
7 0. 0073308 ~0. 062823
8 -0.32148 -0. 6664

9 ~0. 16964 ~0. 44296
10 -0. 12279 -0. 33479
1t -(0. 0423 -0. 13592
12 -0. 0031493 -0. 020464
13 -0. 01462 ~(. 040962
14 -0. 092851 —0. 23103

&P0: 510 L. AT LB N BT SIB X Y ¥ IS e

Table 4: Control strategies for SIB captured when increase both active power

load and reactive power load at bus 10

1

l'ﬁ‘%

A

P

Q

=1

-0. 012134

-0. 047766
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HRFL K S 300 30 30 0 R L FRR 7 A A IR

1 -0. 0055586 -0. 029591
8 -0. 035993 -0. 15828
el -0. 13307 -0. 36679
10 -0. 43146 -0.70432
11 -0. 13006 -0. 25984
12 -0. 0047897 -0. 019902
13 -0. 01743 -0. 038671
14 —0. 088557 -0. 20335

R WK 12 B, AT i AR STB XA -2 b S

Table 5: Control strategies for SIB captured when increase both active power

load and reactive power load at bus 12

WA P Q
6 (. 00025259 -0. 0042055
7 (0. 00031727 -0. 0026181
8 0. 0017054 -0. 012453
9 0. 0019108 -0. 025331
10 0. 00030556 -0. 020936
11 -0. 00093158 -0. 010415
12 -0, 61873 -0. 75972
13 -0. 062979 -0, 1631
14 -0. 02083 -0. 08733
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W) RENT RGBS S B MRERE

F-t: IEEE3 YARKWE 7 HIGEM, LXK SIB AR AR g
Table 7: Control strategies for SIB captured when increase
active power load at bus 7 while reactive power load keep constant

in IEEE 30 bus test case

WRS P Q
7 -0.42341 -0.37588
g -0.26503 ~0,24106
9 -0.12218 -0.20419
10 -0.12211 -0.2042
It -0.056569 -0.1415
12 -0.056494 -0.13728
13 -0.056133 -0.16195
14 -0.059243 -0.1662
15 -0.06638 -0.1906
16 -0.084168 -0.23439
17 -0.02 -0.11492
18 -0.049115 -0.18245
19 -0.056459 -0.1328
20 -0.047373 -0.14788
21 -0.042374 -0.142
22 -0.031197 -0.1286
23 -0.011702 -0.077705
24 -0.0020813 -0.031294
25 -0.080417 -0.18135
26 | -0.0036911 -0.012939
27 -(.0047482 -0.022539 .
28 -0.092247 -0.19073
29 -0.010591 -0.025202
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AR 241 B R RIRIR R S R A SRS

30 -0.0064265 -0.019057

MRBHAITLAE

D ARASE R OEGEESEERSE AN AT TR 6
K. flang—. 9T 6 MR~k SIB, AE MR
e E MR AT 6 LI RA, AREREPNENSERKN. X
5% IRE B,

2) EWRABKNEARES “ME” TERSHEENZEEEELR.
B —, Zh, F5 6 BNHGEE SIB I, BRE A 6 BITHT A T,
Rz ARBE L M@ AR, MEGZ KA 12 M RETE, % #9 SIB
EMAK. REPHIHE 12 HAKINIB SIB I, HEWEAMAE
X H Wy A BE.

3 JCThAasr STB Mmag k. % R Th S R T A R 3
W SIB. NR—TTLIFE], M4SRESFNE MK RN SIB,
A2 B8 3 yak 21> 70 T B A 0 I DA B

4) #HARLSHEIFHT, Bl R FF T LI SIB R AE, B 8
sb, mnF=rh, W8 GEEMBH SIBH, A6, T ABMNE
Wi RMEST RERE % SIB .

3.4 KENG

REIES 48 SIB HFEA M5, SIB EFA SIB S48 REEMEM F,
BSEMT LT LAk
1. FASEZEL, BT RBN-R AR RS, BT T RS

WL SRR T E S RS B A R B ST AW, MTRY:
RS BES R RENER B AR R BT
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FIRE, WURARELAGRE. I RERER, R%kes
BN KGN BIE PY e Fk BRI, RATERATRESH
AT B R T2 Hopf 45 %, B THAMBUER ZADE T HERKY
W, TR SRR R T A LA BES 42,

BT DR R T LR D, g TR A (A I 0 22 45 U 1 B R

¥ SIB RAEFMEHE, e RENEBITHNA, TR RGH ZGE
RIS W E . BL—A TEEE14 ¥ G RGBT Tihg, Sl
SRRIET A B FERNAE RN, BENERKITR, B8 &6
B qinf oy p
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WHL NS 22000 0 ) R B U RS SR IR 7Y

BARE KN RN B RS

M40 AT IR, LR B L L3 FUE 5 2= B L) #0 PID Bk A Y 33 7
HMARGHRITIEHNA. EHEHAREERREERKT, #FK
et A m, BETRMIEH. R0, BEFE B RGN EHE =5 D e &
KREARRE (I, HFEEREREWER, ZHIEEREFELZNEIIX
), XHEEF TR BB B . TR, —HER A& YL R
JE#s4] (High Side Voltage Control, f@I#K HSVC) BifE#IAF X, HTFER
B BN B TERERA, —EZIANKEM . Nelson Martins
7ESCHR (98] 45 Y, CIGRE #i s — A TAE/MH, Xt HSVC #H % i) B AT R 9T .

fE—uEih 7, HSVC BB ALFRMMNE. W, (99142316 John Day
MG, (95148 2 & K ) Mani toba Hydro, X%, REEJLADAF
FEok, AAERENEEERLI. BE£8), HSVC 5 &M REERFR,
MR EREShE, EEE. BT, BERFEFRNEHTIZAN-.

ERREME, HER, MERITHLLAENEALR, REMNET
V¥ (independent system operator , B TSO) #EE#i#A HAE LB —FF
. BB OalEHAM R E, 5 A HE & B 200 i R B AR 45 B ik
Wbk, AIXMERE, BEMEEITEN T RE R —fAR e s
FR, HORESZREN. XOTINE, -EHERLHNIER, WEE RN
TR g — A AT S B, S R BR AT

FERE, EXWEAGT, WAMEHNAHEE, BRENEEE, FEL
— A EYIRE . HSVC REMHBINH, SaEEAAENEA R &8N
MR T, BE TR RN IR, A REET IR,
O EM TR MIE RS, AN ARSSFRE. B, BIRA
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RS B B

HE IR, A7k FRRO 28 B 330 R 3G
4.1 F R R E IR A

X E R RS, BAT AR WEIB . —HE X, RELER, B
[EBpE R iz R R ARSI A S B R A EHE R ER A eB#. Ik, B
EFS AR TRERZ, AT CUABE T LG 2 & L0 e — B
.

4. 1.1 BHESHNE

R LR {5 5 FIR R HSVC B EEAM 8., BT, FEWEAE L
AEHAE: HEARERLREHRBEBLEIE, SNhBEMEERS.

HEAEEAESRINEERBEABEN 7. HRNMEEFE, W
MEMTEHGE. BIELNECINEERREBE TS, BLHE,
ML AER.

FHpLAMETE RIEMESRPYUREE, R, FESERARILE2 T
RA®ERLRIER L. EMTEFRTHRA:
A, HBTHURRE. BR. BRSRIINELSHETRNE NSRS
T EREHEEE, MG EHIRE, KUK Ly AT BRI
M. BRESTRYBERES, REEESCR RN AR R st E
ik R
B, XHMOTEATLL A E MR E B EEE SR AR . Rk E T LARTE
ERFSHEALEESEMNREEESES, AR TELEEZ. BT
AL, BEARERN, ETURERERUA. |
C. BXRAEEETRRAEZESYRES, GEEXEEERE. LIRS
i) B,

PR E S TRE M —E RS H X O R R L. T
BERNEL, BEEESHEN, —RIANUERASESFENESNE.
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WS EAR A R HE AR 2 S AR I R

4.1.2 75 Fs PR b JR 35 R A 5 PR B T

Aa7, MIBWHRERKRLXE, S EMNeA KBS AR TL: aE
e B IV R B IEE ] (Primary Voltage Control) H N AAE %
B E 54 (Secondary Voltage Control) i fE.

4.1.2.1 5 Hs P00 PR Hs ¢ A 1 2% P B 2 0 = R R

WA AR B K AR, WREESH X3 AP S RS
(Unit Control) FIF2#%#%] (Plant Control), GN.taranto & A7 XRR[10)F
AT HHKEE X,

Us Un (353

X1 '

S JAL

DASH

AVR [%

FHdle

P41 O R R R A L R PP S

Fig 4.1 Application of HSVC in single generator control

fon T 0 B T P s B F RS I B LR R RHER R IR R R BB T
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B CRUTHREMENSRERERY), ~RBWE 41, XM FEE
AMFLIR IR A5 S H (R BRI R R 2GS REE
BRREGES U -EWEAMM. X934 E, FHATHXERENSSEE
e, RGP B AR RMEIR T

TR CERI00BGE XL, HsEHRRU A B SR BE R ERIFER
—HERHE R B AR, RIS EEHE B LT . W 95]IRBISGE
T E] (Joint Var  Control) B{C[941H K E R/ Ih#EHl (Master
Station Voltage/Var Control), B, W LB EMARRER, BRI,
. VmAEEEELEE. SHES, S—FHMaHmmE. 58
W 4.2,

v

e fEa e R 2/% » BEERS
& e
ERERAES %N
> H
=
SMEAT. EL. B il

. BHEHEE

prapecha

Ba2 GHUEEHNREE
Figd.2 Application of HSVC in Plant Centrel

— SRR, LRI E RN, MR R AR R
L R R, HE TR e e AR+, AREEER
R, AEEXHBERSSRRER. CEB1GH TR AT .
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WL R AP S0 A 7 R A AR AT R

4.1.2.2 7o s O el B AR - 0 WU B SR R R

Ik, MEEGERERERHERN, R8T 8B EEH R,
EF AGC, “HHERHNEREMARES R, HEREENRENEE
YRR AR TR . X BI R CRAEERE . BAM. HAE. mYT
SHHEA TN, EREBEERLTHR.

R E EDF MMM _HBEERTEY, BEERIA=ZRE. K
1, BRAS=EARCAEARNERA, MRE#ITNL. ZZEAL
BEZEHGES, e WAREERA, FEdIEHga R EkE
FARSWAMHRE. ERANERED, VRREENGEF—RESHEN
HHBEARTFLIEE, MH _RBEEBEM. XEK[98]1ENH, A&IE
e R EACHLURIIEE RS X EFE S, B~ PREREUEEAN =2,
EA MY Carson W. Talor ZE3CER 961 IR, URERSERERERENEE
&%, W UBTHISMER TR R RERES T8, ERtEmERiE.

PRAh, SR B RIERE BB A e M T AR RN E. TH
FTHET AL FRASEBEBENEMEME, o LUE gk iEiE

P 4-3 P 8 o V14 2 24 T SE L) — P
Fig 4.3 Secondary Vollage-Control based on ANN by training high side voltage data
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R s sl

BN A RRMNLH L TEANER.

4.2 e Ho Pl F s 45 S B TR 5 4

4.2.1 HARN K PSVR 2%

Xl (1151, IEFR, £HE, BTl FRGRR&H
B, F/AKATERIEEHENEERE. RFSMTHEERAMHES
b, HEEEE 275KV MR REMBT A OME, ETRRLARERHEE
TRMME, ARIKREFTEREEEREERAEENRE . 43R4
W&, DL RHTES 500kV RE LK 275KV REEE N L B4 FRE T
2 o T 4 5 0 1 P 2 400 P F 0 — L RO 37 Y L ) R A ) LT 9T 8% (Power
System Voltage Regulator) faj#R PSVR.

PSVR #HI 7N £F, WERHTARE, 2FtRNaEER, KM
TWHE 4. 4G6) IR BN BIES KB SEER N RERES P HE
SN A B L AR 5 B 8 L 0326 R P I L e S 00 S5 A P I ) 0 i 2 4R S B T
Koo I H, AT EHE BRI R AT, RIS B KM,
ART AAREEE A 4 0) BHEMSEMERAELE VE 5 RN EF Qg X
F U £ 2 WURER I ) FUE A i 0T 5
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TR -2 0 e o0y RE R R SH i AN i 5t

Y05~ 5.0% Vo SV RPN (O pax)

B

0 Qg >9g max
RIBHL ) #0800 Rk {b) RILBLBIR PR

% 4.4 PSVR RAEHE
Fig4.4 Diagram of PSVR

FEE 4.5 BRI T PSVR FIRRRIIEALIN, A LI RN 2k e
AVR HATHER], WETRRR BEd e b mIEM B s, X RERE
HATRM. RIS BWT:

1. EEAREEEE

TR T M HEAT R, REESIEAE 600Hz UL b, WEEL0.2%UT,
A R L= AR R A A RIS E T&. RAE R LRI R BT
FRE e U A R B PR AR I, R R AR IS AR E PR AN T Th R 1) °F
iR E, AR KR T LS

2. BEFRERE
LA A BR B B AR LI 16 AN H R AR
3. HH BRI
7r. PSVR it 35 1 A B IS FRWE ] 3%
4,  BEARW e
5. EHRREH
L LR AVR BRI A REERXREGS EMEREHEFXNRAE,
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FERE R T E FES . HERA AREAMMAT K, EREHEL
B RARE, BRSO RRGINER TR, A8 60 TR
-
a) £ AVR 5 1 [ % i B 1 2 PR (1- B ) Al B
b) BABBL A AT — BT, #5E 28
c) IoR%E PSS H PRI
FEF 4.6 FARH T8 PSYR £85I R 135 HZ 5 ARAL 3 5 S IR

PSVR (sl &5
Fl
—‘[ Ecll B
y 13
HE AR Sl ‘
Foosl IR
Figh
AVRISTE R HE
-5}
(1+ 7,81 b
+ns i+ 7',5'1
Egﬂﬁﬁiﬁ 1.
v, R
i "z wh R

s OfzsvRElfr
AR O

AVRIEIRF

g

B 4.5 PSVR £ HI[E]0 4%
Figd.5 Control circuit of PSVR
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R HHL e R Hy AVR BB H S A0 PSVR B4R R B R 2 BT ER 52, 2 R B
HLE i AR A VEERE PSVR B4 B R R R R . I SR — R
AVR HTHE 55 FFHE7E PSVR RWR /S M, e 4R B R A2 K 5 3 i s 4
AVR (8 AR . S LImHg AVR B B ME1E B (B S D BB AKX
(AR A7 A e F B (4 A B, LI PR R AR KB E R T AVR M AR B T R R
LA Fi A8 [R) 9 1 2 BE A

T T T e T T
|5 wisonias MR
oy * (1« 7,5)
Y R 55D

|
J
l
l
2.

B 4.6 PSVR {5 5 M8 HAMAAHE A&

Figd4.6 Cooperation of phase compensation and signal process

4.2.2 FAH|H REPORT RE

B OACHH ENEL 76R03E MSVC Ry#Rl 1, RRIN T i#— 4§ REPORT
RY, AER BAREIG A B AF RIS . REPORT 2 —F It TRk 148
M. UF R BRI . AT TR F, AR

“EMZFEFHER” (Reactive power  level control  mode) , HoWA “m
EREESERERAER” (EAV power plant bus voltage control mode)
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FERT 8T, REPORT #R4E I — )2 iy X B W IR 457628 RVR GLJ) &
fI46%, AWAT RHHES. EE—FMEAT, FNUNEHBAHRTE
EH#E B RVR B4, M2 REPORT HHim) B EREMbE.

FRRA T, YOE S VLA L) A #5088 2 i REPORT ' A ik B A<
MR 88 (Local Bus Voltage Regulator) 52. %8 HFHE Q705
LEE, SURIET ARANTIRE, Bha BEERERIEN - EHHE.
BAFE B, REPORT K it — & (o fs BUE, FAaip M smtb 46, XA
— W RREE, BATEMINE, URBRLERRNER.

HTEEMERHRAPFES TARBZRBLAESMN HHREH (E&
H1 AVR, oSl BEESREHIE) , FERIN, M550 R e 5 R
RabndE, AR R R E S, DARIEE N2 B & B i
A RE. S5, AR, REPORT HEBE TR hHE,
—~HEBMEMEED RSB BE, SR MEGE I m&IL.

ke |

T IOrEAATING ApTHROITY | T T ) e bl ravin 1ol _node
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Figd.7 Voltage Control by REPORT
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LEBMEARK AN FEANIREEZHAES . S0 A,
REPORT H#id & AVR MIHER T, SRR # L4 E I Hihessl. 7
Wil REPORT RZEH, AB AR NAHAREFERS, & ILEMAES
REEMI. EMEREESOE 4.7 xR,

4.3 = Fis D0 ¥ Hs 45 S X 20 0 B P Y 2

I Fij A9 SCHR R 120 () 2 R R AE Lh M A B M B e B AR IR T LUE 58,
HXEIBERZ BRI FWEETESHRS IR HSVC Wi & R4
BB MIAEEE N, PRI SRR R

4.3.1 15y He O HL P 2 R o 22 P 2% L LR M A T

BPHI-EIFARENFSBERRCLRERNRETHULRANE. B
FERABITHDEMDAME R, REN -LSHMEMI T, HEHF
PR —0, REHFRERE:
1. RERBENRAZERNTE, SRR KHH Ke <Kmin. HER
ROFAE R K.

2. REMERBHAEDTE, BRERGBAMSEH Ke > Kmax. thH REH
AR A H .

MTERAE MW RE RN EERT, 200 MREHL, AR

SR NEERAEER, THRE 48,
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ke (hwas kmin and kel
w\
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" 1 Koz T

18 &ﬁ
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R il a0 on Loe 110

4.8 U Ke HBHMTEEKT, £ 0)
Fig4.8 Stability margin affected by Ke(7, # 0)
R, AEUREINARE, i Ke ARD, FREBEREEEML)
BRI ER. ATHF—ENBERERNSERXMIIEBERE, BEL Ke &
RmgA, WEEpR. RERERMKMLFFH4H Ke=Kmax. 7 a 5k, B
B AGRISERR AR AT R R .

fl k), T A 2R I 28 HUAL I a2 A A 7 T LB HSVC AR -

R MHLIA S A By RAMH N, . BB UsUg (Ug U
o g), AAFERTRAL TEA FRREEHR, X107 AVR
(1 F s [ B LG LAME A x, , T x SR E AT By REFAE (B Ex=Ey)-

Xy
T 1+ K,
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