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Nonlinear large disturbance attenuation controller for generator

excitation systems

JIANG Nanf, LIU Ting, ZHANG Tie, JING Yuan-wei

(Faculy of Information Science and Engineering, Northeasten University, Shenyang Liaoning 110819, China)

Abstract: A nonlinear large disturbance attenuation control scheme is proposed based on the backstepping method for

the single-machine infinite-bus excitation system. Focus is given to the impact on the generator rotor caused by the unknown

external disturbances on the system output. The minimax method is employed in the disturbance treatment to reduce the

conservativeness brought by the estimation of the upper bound of the disturbance and the inequality scaling. This ensures the

single-machine infinite-bus system of a high robustness and a low sensitivity to large disturbances. For testing the impact

caused by the short-circuit ground fault or the large abrupt disturbances of mechanical power, we perform a simulated

experiment on a single-machine infinite-bus system; simulation results show that the control scheme can effectively improve

the dynamic process of transient stabilization of the power system.
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Fig. 1 Excitation closed-loop control charts with SMIB

JlE A R G R AR R

(5 :wswrv
1
W = 37 (-Dwr—a B sind+az sin(20) + Pu),
. 1
B = TCIIO(—bEgl +ccosd +u),
(1
Horp:
V. Xy — X
a1 = 3 A2 = qi/dVSQ’
X Xa — X}
b= X(jz7c: ;{l d‘/mu:Ede—i_uﬁ

ay ay
Eras NS WK, 60 RN 18T 41, w Al
XL, wrd K AL T HE L, Py o SR sl
NI, D, E, 53 3 9B e RERIR RbLgsh e &

R, VO TEIT KB RUE, u ARG FL .

’
Ty :57 Lo = Wr, T3 :Eq7

€1, Ex 7 MR MB UL T2 B AMER FIPES), AT
JIRERHE IR, FE A LR T Bt Dlw, = 1K
A, MARZE) ATl

jjl = T2, (2)
Ty = —bjxzsinz, — byxy + agm, sin(2x;) +
mlpm + €1, (3)
i‘g :b3COSIE1 —b43§'3—|—E+U1 —|—€2, (4)
2= [qr gl (5)
Horp:
V. D 1
b e 78 b —_ — = —
1 MX(,izv 2 Ma ma M7
X;— X/ X
bs = S Ve, by = o,
TioXas TioXas
1 1
E=_—F S = 7 Uf,
Tcli() fds, U1 Tclio Ug

2R, g Mg R AR IR R E, e 1R R,

o Z IR, ¢2 + ¢2 < 1.

3 AR R TP HIEEHIE 1T (Nonlinear
large disturbance attenuation controller de-
sign)

AR b TR A5 s B BE T ) /A 45 4

X TAERGE Ny > 0, HXTRGZ BRI

TIAAH E PEEL B I B, FARE K Biu = o,

T, 23), MAFRG(Q)-G)RTIH

Via(t) ~VO) < [ Gl =)
H ARG s I AR .
Step 1 X T REQ), ¥, BVERUIEE, JFikt
Ty = —c1x1,01 > 0, & X
€1 =1, €y = Ty — Tj.
TEHUCR — M Re Oy

o
V= 56%, (6)

Hrpo >0,
"/1 = 0€1€y — 0'C1€%.
Step 2 HE T RI(2)-3), M(OUATH ™, #4
BT R fik R

%:m+%§ ™)
HALF I T R Ak TR TR R
ek, 5 LA B

. 1
m=%+§ww~ﬂaﬁ (8)



5510 1 SR R N LRE R GE AR T s 1317
LMk RESRR R 2 ANTEL, ﬁtaﬂ‘max(%)%ﬁm?max(ﬁl). B, i Re 75 B 2L
J, = joo (|1z]1> = 72 ||e1||?)dt. ©) MBI AL R b A, it ey
0

Ve = Vi + eabo MA@ A

. 1

Hy = Vi 4 exé; + g(HZH2 —llal?) =

—ocie? + ey(oe; — biwgsina, +

asmy sin(2z4)) — bexe + mi Py, + 61 +

1 1
Saint S - Lyl =
—Ucle? + eyoe; — birgsinz, +
AoMMy Sin(2$1) — bngQ + m1Pm +
1 1
5(1%6? + 5(13(62 —ce)’ +

€sE1 — %fy?ef. (10)

BRI E—AN 1 RS0, B8 A58 J B0 NBGE, an Ay
E— TS T, R, IAIXAN T RS RE
NS S oN IR SE2 O e RIS EXES YN
RFPHE I —AS B 5, ARIMIXAS b A I S AN G .
— LG AN R e I R R R T AT DG IR I
i, KFEAL PR S A AR e A ok, RN 3 T
RSP, 2234 ) Hminimax 1 5 VA 5 Wb HER R4
Ft e SZ 1) e KT PR BE, 2R )5 ) Hbackstepping 77
TR
X H K Te skK—Mr S48 IF H 355510, e, —

ve, = 0, BEimi

. 1
€= ¥€27 (11)
ok I SHLFH
82H1 VQ
=T <o,
Oe? 2

AIEH L KT e FORAE, B
max Hy = max{V + 121 = 72l
P R Ry,
max fooo H,dt =
max{ [ Vadt + 3 [ (121 ~ el
Gy = [ Hidt,

max H; = max{(V5(00) — V5(0)) + %}

J _
gzﬂl—A%,ﬁ

max(%) < max(H;) — min(AV,).

E1 BB T ey 151347 % 06 5 Va 10208 H0, B
min(AVz) = 0, Wit Ui R G 2 7870 K T-Hhe ) KEEI, Vo

TS A RG2S K.
KA DARAKS), W
Hy = Vit eata + (1217 — 7l =
—ocie? + ex(oe; — byxgsina, —

baxy + my Py, + agmy sin(2x4)) +
1

1
ifﬁef + 5(1563 — gcreres +

1 1
§CI§C§@% + Wgeg =

_0‘6? + ex(hyzy + howy — byzzsinx; +

Aoy Sin(2(131) + mlpm)7

Horp:
a=0C— 1q2 — 1(]262
2 1 2 2-1
1
2
hi=0—qe + 2921
1 1
h2:§q2_b2+2772+61’
A
h1351 + hngQ — blfL'g sin xr1 + asma Sin(2$1) +
mlpm: — Ca€2,
I Epris 2
Th= s (hix1 4 hoxo + agmy sin(2x;) +
mlpm + 0262), (12)

WH, = —ae? — cye? < 0.
Step3 & T RGQ)-(4), X A (THBEATHE ™,
EFT A R AT

Vi = Vs + %eg, (13)
Hrbrey = x3 — xf. EFREEREL
= Vit (a7 = 27ll?) a4
LebERESRR AL
b= {7l = lel)at,  as)
A

|
Hy = Vs + S (II211* = +7llell”) =

. . 1 1
Vo + e3é3 + i ot + -q3a5 —

2 2
1 1
57253 - 57255 =
. ey L
H, + e3(is — d3) — =75, (16)

2



1318 AT/ L

5 M 30 %

T COS 1
——————(hiz1 + hozo +
by sin” x4

aomy sin(2z) + my Py, + caea) +

- (h1xo 4+ hoZs + codo +
by sin x;

2a9my cos(2x1) + cac1 ).
¥Ranraae),

1
Hy, = —ae? — cyel — 57253 +

63[()3713 - b4$3 +E+u +ex+

Tam .

2 ;’(hlxl + haxo + agmy sin(2x4) +
blnl
m1Pm + 6262) — blnl (hlﬂfz +

(ho + c2)(—bixgng — baxs +
1
GomyNg + mq Py, + ?62) +

2a9mynyTs + c201T9)], 17

3
K}

ny = sinxy, ny = sin(2z,),

n3 = cos Ty, Ny = cos(2xy).
X H 50 0K Teask—Wr 3, HA L SHE T, v
63—’}/25220,m\”

€y = 71263. (18)
KAAMAXA7)FF
Hy = —aej — cz€; — %7253 +
eslbsng — byxs + E 4 uy + Lfﬁg, +

22
ToNs 1
(blnf B 2v2b1n,
agmy sin(2z1) + my Py, + oo + cac1x1) —
1

biny

)(hll'l + hgl’g +

(h1$2 + (hg + CQ)(—bl$3TL1 — bg.’lfg +

1 1
asMiny + mlpm + ¥x2 + ?Cll’l) +

CoC1 X9 + 2a2m1n4$2)] .

A
1 h
Nl = Zsmzz - By 5 2 = : s
11 292bymy biny
N, = hy + 027 N, = 2a2myny = C2C1 7
byny byny byny
J

H2 = —ae% — 0263 + 63[()377,3 — b4$3 + FE +

1
uy + 2772373 + Ni(hi@y + howa +

asmy sin(2x1) + my Py, + ¢y + caciq) —
(Nazy + N3(—bizsn, — bozy +
asming + my Py + ?332 + ¥C1$1) +
Nyxo 4+ Nsz1)).
i B TE A
Hy = —ae® — cyes + es(hszy +
hyxo + hsxs 4+ he + uq).
priik o
Uy = —hgx; — hyxa — hsxs — he — czes,
Hor:
hs = Nihy + cocq + ];72301,

N.
h4:N1h2+02332+N2—Nsb2+7§+N4+N57

1
hs = —by + 22 bini N3,
1 CL2712N1
he =b FE N; — N3)—P, .
6 sng + E + (N, 3)M + i
1
= — g, A[15
U =
c
T/dO[ 3 (hll'l =+ hg.’L‘Q =+ Ao SiH(Q.’L'l) =+
biny
My Py + coxs + coc121) — haxy — hyzo —
h53§'3 — hﬁ — Cg.’L‘g]. (19)
ES)lin=)
H, = —ae% — cgeg — cgeg <0. (20)
A
V(z) = 2V3(eq, ea, €3),
)

V<A lell® = |12l 2D
TE R HE(19) TR ZE RSN
€1 = €3 — C1€y,
€y = —Cyey — €y, (22)
€3 = —cC3€s3.
XA R4 E 1t > 0 ATIRRE, X Q@D 73
AT BFERCA S, HAMER T Hy <0, 76
S HIE(19) R AR ZE R G0 (22) AR &M A e 1,
Yt — colsf, ey — 0,65 — 0, e3 — 0. HRIEHEHL
P SCATAN, RS2, o, 23 T SIS
4 fjE4¥r(Simulation analysis)
DL K B B s SR 95 K R G
TP 42 ) 24 10 47 3 0 A, 45 2 B0 B
RIPR.



%510 17 LS R LB R G ARG TPz il & 1319
A1 HELHK 1.10 ' ' '
Table 1 Physical parameters 1.08 i
1.06 g
ZH BE ZH BUE 24 Gz 104 |
ws 1o0pu || M 7s Vs 0.995p.u. & ]'02 |
D 0lpu || Tgo T4pu || Eqs 1.8846p.u. ]'00 —E, |
Pno 09pu. || Tgx 0.2pu. || X7 0.15p.u. 0.98 |
X4 18pu. | Cnu 0.3 X} 0.3p.u. ' . [
X 1.0p.u. Chnl 0.7 . 10 15 20
t/s
TERR P T E N RGBS HOTH AT ©
C

b, = 47.0059, by = 0.014285714,

by = 0.2123, by = 0.3485,

E = 0.25467, m, = 44.87857,

me =5, d, P = 28.2735, dyP = 1.35.

1) HUBRIARAFAE20% TR E P03, [R5 R LT
VEAEAG E I 111 550, 110 s HLBR D) 8 H 1209 1) £k
), (BAE10.1 s o KR 2B, BIP+AP(t), Jorb:

0, 0<t<10s,
0.2, 10s < ¢t < 10.1s,
0, 10.1s<t,

SLrpe (R s s, PR R G )25 N 2 P 2 s,

2) HUBEhFRAFAEI0% IR BN, [ R AL
VEAERSE - 5, AE10 I LB D 26 Y IL30% ) 42k
), (AFE10.1 sJa R B JSOREUE, BIP+AP(2) , Hrb

0, 0<£t<10s,
0.3, 10s <t < 10.1s,
0, 10.1s<t,

SR e BT s, A HIAR (19 I PAER RSE M B35

W N 0 B 3 o, STk [ 1317 5 AR LR PRSIl 11

IR R G N A 4 .
3 T

AP(t) =

AP(t) =

T T
2r _50 B
8 10\ -
0_ -
71 1 1 1
0 5 10 15 20
t/s
(@)
2 T T T
—w
1_ T -
5 OXV
_1 - -
s 1 1 1
20 5 10 15 20
t/s

(b)

K 2 HUE)A20% PN I By Pl (19) I IR R G0 b
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