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Abstract

This paper is aimed at the main transformer of substation of the design of second
part, and had done the following design which is based on the digital protection as a
starting point. According to the power system and the main transformer of substation
features, the author made the calculation of short-circuit current, chose a suitable
model of the protection device ,thus made the calculation for various setting, and
analyzed weather the calculation results was reasonable so that to confirm the
parameters and values for the device of relaying protection. To make the selectivity,
sensitivity and reliability of relaying protection of main transformer meet the
requirements, so that the relaying protection device could make full of its effects and
guarantees the stability of the power system operation.

Using matlab software for UFLS(Under-Frequency Load Shedding) simulation
modeling, the model made up of discrete 3-phase PLL(phase Locked Loop) block
measurement block, relay block, three-phase circuit breaker block etc, had realized the
simulation of the process of shedding the corresponding load automatically when the
frequency fell to a certain value . The author had analyzed changes in the extent and
trait of each electric element of this model during the process of simulation and
summarized the characteristics of each electricity element, thus to make sure the

simulation is feasible and correct.

Key Words substation, the design of second part, matlab, Under-Frequency Load
Shedding
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FEMAIRTBOR o 3 B K —IUE U fie /s —ICRIGE HL U IR BEAECR T 4, TR
JBORAEE R I — M E 4, e MK 35 ok —0Ue it e/ —
UCAE FLR N EEAE /N T 4, UIBOBOR A% Bk /MK — A 1, g AR OEOK .
PEEN TORUEAS I, PR /N RE Kon O 0.25, DI ZE S ORI -0 LT
i AR BCH REVE H Kl ik 16 .

T A3V EAR KR SH HUE R P R EUG T g R

THEIIH 220kV 110 kV 10.5kV
BE B T, (A) 315 630 6598
TA $22 Y $Esk Y sk Y Hdk
T TA AL 315/5 630/5 6598/5
%1 TA A5 Lt 600/5 1000/5 3000/5
ZIRHLIR by 2.63 3.15 11.00
ST R AL 4 3.34 0.96

(2) ZE3) & L IR AH A7 22 R A
A R A I FE A LR R AL Tk, IR IR ELE R AR . i LUK
A S MR B2 AT, S LA REZe ) A A A Sy o
ARSI TA R HLRARA AR A RS, S ER A A >Y AL A HE 220
ST, JEAE RT IAA X 23R AT R PR AR A, ORI ER AP R B VRT3 B o 0T Yo/A-11
s, HRIEJET:
Yo

I, =(Ix—To)
7 = (Is— 1
o (1= 0) (4.4)
I .=(Ic—10)
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L Ia,ls,lc

Yol TA — ¥R,

Lo Iy I ——Yo MRS IE J5 1) 25 A H o
A

I =(I.— I.)/\3
VI =(Tv—1.)/\3

4.5)

' =(Ic— Iv)/I\3

ﬁl:':l 131 ]by IC __A/TIJ\HJTA :W\EE?}ﬁ;
I 1, T, — AL &M .

Foresd Iyl DLEHE . e B b nl il e AR i 8% 4% 4y AU P 7)) IE 6%
(3) ZZ TS EH
Teaq HZE BRI B/ N AT LR, A% RO 1 % A% T A BUE D3I 1) 5 R AT
T E, W

]cdqd:Krel(K er+AU+AI’Yl)]e (46)

Krf Le—— B # —IREUE
Kra—A[SERE (—RIN1.3~1.5);
Ker— LR BRI LLiR 22 (10P HUER 0.03x2, 5P AUFITP #YHY
0.01x2);
AU— 38 A 5 RS R 22, B s 9 L A 25 40058 (L i dee KA CF 4y
(ERF
Am —— TR RSB AR VLR ™ AR 1R 2%, ATECA0.05,
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HEAF: Ledqa =1.5(0.06+0.1+0.05)2.63=0.83(A)

7E TR 52 P 5 T P AT B Jeaqa = (0.2~0.5) Te , FF R SEIN R K A7 3500 22
(] 3256 (R AN P47 HL AL

A W 22 Bl FE RS S (E R B 5 T DAAR e 3% 1) IR0 e HLL R R
A5 E S B (P 3 58 VF A TR 22 Bk Bl R U A e e JE A AR R AR I — M 1 FRL R 4
(B, DPRRX — F (R LA TR 28X — 0 1948 P 88 — ke Him, RO ORI R E 1Y
el bR fE .
(4) o A FLIL IR IE Y

XTRAEWRZGDM WA S B, 523N 0.5le(1.324)
0.6/e(1.584).
(5) HbE BRI R AL R A

RBAREN AL 5Nz AT 77 2R 2303 X AR Fe #8526 b P9 AH 43 i 2 0 i
T o AR VT 5 55 /N o % LA i R N (1) T B0 FELUAET s, CEBIAERRPE 2R | 2515
X N IR IAE HL it Lop , D) R BB BN < Ksen=Timin/ Top; B2 3K Ksen >2.6
(6) Z B Wi fRH

22 SR W O T DL ) Bk ™ R, B b T R AR M AN S
PZEARYIERT B o LA (N A ki AR PR 3R T i, — MnT H:

Iedsda=K-1e (47)

A K——5 500, AR R 48 5 3 RS BHPTII KN . 40~120MVA HIAZ R 4% K H
Al 3.0~6.0; 120MVA KDL B4R 48 K fE R HL 2.0~5.0. B4R &
RO, MAGHIUBL, K IEB/N

A Lasa=3x2.63=7.89(A)
22 5)) 3 W DR 4P SR BN 42 E W As AT T7 0T OR3P 22 2 b Y A < Je M R i o
B, FER K212 o
Ik.mjn

1

cdsd

K sen= (48)

A Ly i —IEFEBAT I 2R (R 22 R4 AR 2 J P LT

2717
7.89x120

T Ken= =287>12
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TR ) 22 ) T W LR AL P R 0 T AR DU He % 1 B FL A A
A7 5 SE R R 38 58 V5 v 22 B T I R A L U B AR e A S — 0 ) F A 4
B, JURKEIX —AG A4 F LA s 250X — 00 1) 2 P 4 — X80 Fait, B LRI 1)
e (bR fE .

(7) VS Bh B )2 e

FE R U RN = RS i Bl SR B 1 Sl R o R sh I 22 sh AR v,
W B LA = OB W B b2 AR R ZE I I R R, SR RS
FEP oy BT . — B BRI B L AT 3852 T 10% ~ 20%,  — ki 3t T
FEE N 10% ~20%.

44.12 EFLLRER)

FERY IV F A WS R Z N IRYT, WAU=0, F 728
RS S M R 2 WA, Rl vsrs o H A0S A RE 2 A AR P i, 2 FL S8 20
AR A A i

(1) FZEH s el iH

T 7 VLIRS B0 L 42 St TE 5 A8 PR 28 A0 A A8 (R e AN FRL R A

Y

IOcdqderel (K ert An’l)]e (49)

P Le—— A T IREUE
Krel AR R (— M 1.3~1.5)
Ke—— LR BB EL R 2 (10P #UHY 0.03x2, 5P HA1 7P AU
0.01x2) ;
Am —— T HL AR AR LR S8 A DL RC = AR iR 22, W HCR 0.05.

AT Tocaqe=0.5%2.63=1.32(A)

7E LRESE At b R U BIE N (0.2~0.5) Lo, IRV S B K A7 2 BN
2] AP AT L

R E I F 2 AU DL TA I R EE U In (LA B 5A) S 5L,
LR e v B DL 2 B ST FR AR /N — 0 D R o A SEBR P E T R 2
A B IR SIS ) R A, WX —A B EBR L, TA [ = R@0E
(1A B 5A), BPA ORI e & 1) e {H.
(2) EF R ZEF RS RS IR A
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k.min
Ksen: - (4 1 0)
epe IO R N R AR b A 4 K L

3407
1.32x120

1Z 7 ZE s RGP IX N R A < i VE AR M R R A U0 RIBOR B 20K Keen22 o KR
LA b 2 G R HAT 2 A B RO P 1) 2R e LU 20 S 58 A IR T R S ) 23
AT, T RATEE R RN, MBS RGEFFFHPTAE R, mHSRENIE. U7
BHPTE %, Wty REs T T N K. RGBT N TRERSGE
FrWEEARAAR, et R R, 220kV RS0 H iz HIE 2 WA A R A8 b Ik
RARHOR TR L, £E 220kV R % 77 22 80 Drd7 RS I 3 1E 5 /N5
o

'H‘ﬁ?%‘{‘ Ksen: :212 2

442 RERIPEEHE

4421 BEEHREMAH A @R
(1) EA ks iRy
1). FLRGE LS IR e T
HL LAk FL s (1) B A H U0 St A8 e 4% I 8IE Fe i, TR A SR -
K

Ly, :?rel[n (4.11)

T

:—EEEP Kiret ﬁfz’%@%i&: EIEX 1.2;
K——iR[FIR%, AT 0.95;
In AR R AR E IR CRIRAED

WHE: 1= %x 2.63=3.32(A)

2). Ik H 2K S R A E T
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((RRENES A IIVAS SUIL R [ e PR i /A /T
a). I AL T 4k F s ph 2 M g 0 00 P s L Je i AL i

Umin
U”_K-K (4.12)

rel r

ﬁ‘:':] Krel ﬂ};?\%ﬁ’ EIEX 11"‘12;

KR [P RE, wTHL 1.05;
Umin—"8 R 83 1E 21T ol BE H LA B FE s, — BT I 0.9Un (e 2k

Js T RAED -

. 0.9 %100
WeEs. U = =71(V); 71V,
T Ue T 0005 1Y)

b). I HL e 4k L 2 FH AR e 2% v He 0 H s a1 i I

Uop:0.7Un (413)

e 2 i s — IR A

Xt Un

W Up=0.7U=70V

3). S HUR AR I ROE T
R HL s 2 P 8 IS S 1E 38 AT IR R LRI ANPAA8 F T, AP s i g S

e . — ML

U op2= (0.06—0.08) Usn (4.14)

KA Uer——H0E M R IR AH

WS : Uwpa=0.06%x57.7=3.5 (V)

4). R R
a). LAk P 58 1 SR
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](2)

K — k.min
sen _[ (4.15)

op

R IO R AR X AT 4 B IR A T A 1 /N K i

WD o

PR 110KV MURESE S5 N s g 12 =2553A; 5T F) 220kV: 10 =1277A

1277
T 332%120
PR Ksen21.3 (a4 B 1.2 (BE&)
(2) AHINHSE 5 2% 04 7 1) T 1R 3 e
AN ER ) = G AL TH AR e, AH ) J5 46 OR A Sk T 0 R R PR R
7t N S B AN ZE 0 Dy 2 07 1) oo, L5 ) — MR iz i BE2k
e s A s A A PR P = 0 B 47 R 1) = S8 o T AR s B R 48 48 J i 2%, A
() WA i £ DR Ry T 9 A B PR ISR, A vy R (00 B8 e s (022 o Ly 26 5 [m) 6 A
o5 i — M di ) AR PR, AT AR ) A B2
4422 FERFIR
(1) Z7 HL 4k s 1) 3 e
o v R A HR R Y e e 1) — SR M AR R A, i P R N 2 % T
J7 Rk AR, T AR R A R
I BEEE i o vt 4k H 2 1) sl A7 FEL VAL Y 5 A AR 2 it 25 P ok F v DR PP 2 T Bl 1T
B s bl T AP A I

2>13

Iop.o.l =K . K, llop 0.11 (4.16)
X Topor——1 B HRMASSNERIR CIRED
Ko TR SR, AR T2 B el i a4 T BUR XK
iy A MR B IS, I AR ORI R FLUR S v e R ()
M, W FhiaAT 77 U s KA
Krel AIEERA, 1.1,

5 AR A s R AR B 1R it CIRAED o

Iop.o.ll
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TEAS: 220kV il Lop.o1=KrelKbridop.o.11=1.1%0.49%(2016/120)=9.1
110KV s Iop.o1=KretKoriop.o.1r=1.1x1x(1420/200)=7.81
(2) FFy HLU gk rL g IR R AU AR
RAGE AL A -

K — k.o.min (4 1)

K Bleomn—T B (BT B ARG DR S e A 5% I U R 97 22 2B AL 1 e /)
TR (D
Loo—T Bt (BT B Tl B bRy (s 1 Ha it

220KV :31c o min=77 3C FREU< Sz /N FR AR Ml LR =0.41x3507=1438(A)

K =leomn 14387120 05y 5

o 1 9.1

0p.o
110KV :3Tx o min="77" 32 F8 F0x doe /I FRRH B b FLJi=1x3803=3803(A)

K — 3Ik,o.min — 3803/200 = 243 > 13

o I 7.81

0p.o

R Ken21.3 &
4423 TEBANEHIEITE A G &R
X T rp vk R0 T e R B M ) A e s, RV 1 Y 5 L R ) R0 H, L
128 7 HL R HL AR
(1) FJpik i Rk as e
o WL R R B A R R e

UO.max < Uop.O < Usat (418)
X Upo——F PR R R I CIRAED
Uo.max——1F ¥ 73 P 1 Rl 2 b PR P, D09 v A A A 2 I b 2 AN fae AR
Fe 28 P AHIS AT I, DR3P 22 B b mT i R B ARy e R 28 e L S (R AEDD
Usa——H T Pk A BB R 48 1) P s B U, 0 Ok et rb vk i) e AR

PRSI, T =54l nl e LA AR A
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MR LR B ) TR B (B30

%%ﬁ*ﬁﬁﬁ%%ﬂ%%X@S3,

— L

1z

Uop.o=180V (7E: 155 R G 5 H K ES TT L G220 REAH A E HUEh 100V)

(2) MHBREFIE

FL UL AR HL s 1 4

SHEAE T HL ] B2 ] it 1 22 e P e DR A R B A LU A8 T e O P B TR i

JRCHR I FL I LA DR AT G, — A ORI K — Rl A A T A 100A.

4A3RIPHIREIHTEER

R4 4 BRI R EETH AR

Ny
LI S AR
CIRAED
ZEHETACE M | HRe F 7 RS AT 1IN 1 5 AN A e s 0.83A
‘ Fas R 2 BN I B AN AR, 558 4 U 0.5 1.32A
IR
F10.61e 1.58A
L) AR [ By VAL R, L F 1A R
S W (5 F AR s 25 GR35, 120MVA A DL A% 7 0
% K {7 H 2.0~5.0
FEEPACE T | H e F 3 78 R R A0 5 17 I 114 J KA P4 Fh 37 e 1.32A
534 HL R B i
PRI e b 5 0 e o ST S 3.32(A)
{4 B 5
534 BRI RO | 4006 LTS 20k FhL 4 73 IS ST 0 o e T i 3 FRL v oy
{47 oL 5 11 B 224 Fhy A5 P 4 25 T () Fh P 7 e 1 A e ’
SRR R | U R 4R g Y e 1 E B AT I B AN 35V
P4 470 H S S 1 7 L '
T B ik o O 4k F SR () S VR L R S A AT 2 B B F | 12A(220kV)
TR R e R
if IR AR AR T BB 1T B s R e A 19A(110kV)
o2 e 2 L ok PR A B R i R o
180V
e Uy <Uspo Uy
N6 P e LR P | 2 v S8 [ 6 £ 2 s 47 0 3 1 FhL o7 5 2 oon
R PR 10 22 B ) 050 L e I ek B 6 DR 224 %
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5 1RSI EX B matlab IR1H{FE
5.1 matlab EFRFRIEARIAIR

MATLAB % 55 /& 1132 [E 1) Cleve Moler #1151, 1980 4FHi 5, MhIF & T
MATLAB (MATrix LABoratory, HJARFESZEG %), X {HIZH 2R ) MATLAB.
£ MATLAB I, FFERISHARRGRE A S, PrilE— i) 2mie, &—
RGBWRRE. 5635 BHE M, BT A RIELE.

MATLAB J2& DL EOE BEAF D A G B2 oo i) — M s AR P WOHe 5, 22—
FESE N A RS, BRI S TR BB, BIGAE., Z8ELL
M5, IR 7 SE A Windows B SRV 7%, AT P Rt H ORI
KIE S . MATLAB 5576 Hah$ail. Bk Tk, W4T S TR, &
TALE ., BURE SR, TR TR, FE500. B RESTT. IHEPEARES
AT BN E AR A ) IZ N H

SIMULINK /& PA T B PERE X H4EE MATLAB LY, Agedoriztr, HAe
fE MATLAB 5511247 . SIMULINK & —ANHSRA 2 RGHAT @HL, 15 2R
ST IR AL, SRR BRI IR S A AR R g, SRR

SIMULINK s i e . BB AL 35 K 48 0 At s RE e 4% LR 70 AL 1o
SIMULINK $2 {4t 1 F 75 B 3EA T AL 1) e T 42 11 o BEBRAE I 2 3h 2 R 8 1 I i
N, RO BRI bR AL R, B AR I L . BB T 3l
RGMHEANRIT, JFH7 A M5 o B (a3 2 2 W B (1) S N\ o 1 55
LB o 1) 2 TR) PR 50 A . BRI A YuE TR SN L RS TR] 2[R
IR ER . —AMBIHAE B v DU 48 5 A S AT R B . BERARER T3S R4
(BT e T, RSB — B — AU IR R — 4L H 5 LA T T

SIMULINK #58 (1) HE AR i S50, Vi 2 B HAT BT 1) & 1 0] 1 ATE,
FEXTUAE TR 2 o] BLsE OB ) 25 P 2240 . SIMULINK 7% Sinks Ciith 77 X0
Source CHii AYi). Continuous CGEZLZIATT ). Nonlinear (JEZ1E ). Discrete (EHL
A5, Signals & System (ff 55 &%), Math (F2#8iH) Fl Functions & Tables
(R AR &AM, SIMULINK £Ei& 41 Communication Toolbox,
Nonlinear Control Design Blockset, Power System Blockset &5 L G IR A R, &
AT LGB OIS AT R 48, A HI RS B RGEMERL, A7 E.
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5.2 it P {E A Ry R

AR H A BAT B AL T Simpowersystems B, /-4 U0 -

Alo oA Al ol A ki':agc}
+ abc B
ol M @— Bl nEWHMLEn alm ale
Clo o|C Clo o|C c o
a) = AH T G B2 P R b)— A RLC H Bt %% €)= AH HL s HL U I & G A
F Freq
i Frea hag sin_Cot o [
“abe (pul  owt b Sin_Cos= ‘\.-:ah_c
Sin_Cos [ ab Phaze p lab FUp
d)E =M e) B i = AHAH [F] 22 1] 2% Q) B L = AHAH [F] 22 [m] 2%
FH T 2 [ #% 2R 42 UK )y (1) 1F J BE A5 & AR WA Y S 6 )
Ty # & oAF
I 5 0 s i) 24 ML B e
k) 4k FL 45 A5 B 1) = AH Wi % % m) = 1 RLC Ff Bk 71 %%
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Discrate, I:I _|_

Ts=0.0005 s, —

n)Powergui f5 £ 0) 7N VK 7% p) I 5
Bl 5.1 gt P FH S B[]

5.3 (SR E (7 B E it

ML) R G 0 B OO FL RGN Be vt s A S Is AT Mo BT i 2 T
H, RGO BRI DL R e R B 4 R G A & ) RS
PiECISEA, B VR 5 1 B R A5 O DL A SRR TR ST %, B
TUATL A AR A8 e B ) V2 AR, S A 000 2 47 g A 87 iy (18 00 56 e 87 5 2 ol
IS, PRI RE SEEL AR ) S T 5, Y0 T IR A I N R G AR AL )
BE 1, Sl AR R R 0 DR R G AR, KRN L
SRR, XAERIT RIS T AE RIS M YRR R E Y RE ), R A
AR, B AT, SRR, ARSREAE A ) RGN 2 = a2, F e
L I S N U S /R AR

SRRV o — L ) R Y 5 38, S I A AR PR AIC B 2 — s A
30 U B AR N A A U0 SR R B BT s, AR TR A RS g R e U
(3-Phase Programmable Voltage Source) 8l Hi 7 &R G AR A5 4k, Af F —#H
RLC i I 37 4% 4 B (3-Phase series RLC Branch)f L & 4t FH 1 M o 46 % 1
FKA AdH B R AH AR [H] 2D 8] B R G H (Discrete 3-phase PLL)I & [ By
B N i 5 [sin(wt) cos(wt)], K J5 M N = HE 4S5 48 2§ = A1 4
W] 22 Bl #% oK zh 19 % A F 7 W & JT fF (Discrete 3-phase PLL-Driven
Positive-Sequence Fundamental Value)# %2 1] [ 61t X 1E J7 H3 Hs A AH A (1) 5%
M) 5 A8 FH 25 8 — A A 7] 28 (9] 8% 3K 3 (1) 1E 7 A7 2 5 06 Dy B 22 0 & T A (Discrete
3-phase PLL-Driven Positive-Sequence Active & Reactive Power) M %2 I &[]
AAAE DL, A8 4k FL 28 BE P (Relay) % W i s (19 42 i) LAR 8 430 28 B A1 D B 47
fif o
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54 TEERSHREREEHN

5.4.1 =#tH7A]4R#E BB [% R (3-Phase Programmable Voltage Source)

Block Faramete =]

—Three-Fhaze Frogrammable Woltage Source [(mask) (link)

Thi= block implements a three-phase zrero—impedance woltage
source. The common node [neutral) of the three sources iz
accessible wia inpmt 1 (H] of the block Time wariation
for the amplituds, phase and frequency of the fundamental
can be pre—programmed. In additien, two harmonics can be
surimposed on the fundamental.

Hote: For “Phasor simulation” , frequency wariation and
harmonic injection are not allowed. Specify Order =1 and
Seq=1,2 or 0 to inject additional fundamendal components A
and B in  any =equence.

—Farameters
P|:|51 t1ve “sequence! [ Amplitude (¥rms Fh—Fh] FPhase (deg. )
I[lﬂe3 45 50]

Time wariation of: IFrequenl:}' j
Type of wariation: IRE"“P j
Rate of change (pufs, Hzf= or degis):

[-1.5

Variation timing (5] : [ Start End ]
(0.5 2.5]

[ Fundamental andfor Harmonic generation:

0K | Cancel | Help | Appls

K 5.3 = A w] g B R Y5 2 BUHE

AP G AE R A S — A AR PR R . TR, B AT
WO AR . A AU, 8 2 AT FERE N R ARG &, Y
EBEIK Frequency; & =25 FATIERAAL A, SR HITN Ramp, MRl
RHRAEA: BV FATH S BRI RRR A -1.5, B ARAL 108 52 4 B F0-1.5Hz;

THAACIIN TR 0.5. 2.5, RIJT4RT 0.5s £k 2.5, HIOG—ANif il
S 2.
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5.4.2 =#8 RLC #BX3Z % (3-Phase series RLC Branch)

Block Farameters: Somrce |
—Threse-Phaze Series BIC Branch [(mask] (link)
This bleck implementzs a three—phase series RLC branch.

—Farameters
REesistance B (Ohms):

|1n“2f1unf1n

Inductance L [H):
[10"2/100/314

Capacitance C (F):
|inf

Measurements IH.mE vI

0K | Cancel | Help | Apply |

Kl 5.4 = RLC H i S B

= A0 RLC Hf R S BE BE A BB FH BT A2 76, 5 = A ] 2 72 W R U
— A — A% 25 5 ) 100MVA (1 10kV R %t . S 4% & : HiBH(Resistance
R). MUK (Inductance L) M5 % % D) #& 100MVA. il LK 10kV, #E Mi
# 50Hz it &, HPBBHEANMIIE 02— B% (Capacitance C) 1HA
inf, Bl & 95 K
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5.4.3 =L BN E 7T (3-Phase VI Measurement)

Block Parameters |

—Three-Fhaze ¥I Measurement [(mazlk)

Thi= block iz used to measure three-phase woltages and
currents in a circuit. When conmected in =eries with a
three-phase element, 1t return the three phasze—to—zround
voltages and line currents.

The block can output the woltagesz and currents in per unit
walues or in wolts and amperes. Check the appropriate
boxes 1f wou want to output the woltages and current=z in
a

—FParameters

Valtagze measurement Iphase—tn‘g;t’ﬂund ;I
[T Use a lakel

[¥ ¥oltage in pu

Baze woltage (Vrms phasze—phaze] :

|10e3

Currant measurement IYEE vI

[T Use a label

[ Currents in pu

futput signal IMag;nitudE ;I

0K | Cancel | Help | Apply |

B 5.5 = A H s WU I R s A 2 AUHE

AR R RNE S TR AL R RSB, S HRE:
7E Voltage measurement J%& F£HE H1% phase-to-ground DLl &= A H 3 7
Voltage in pu HI $12) LU s DLbR X £ 7 7 Base voltage I [l (1) 2% [ #E
M 10e3 (AL T OO N R dE i K, L5 i 1 9 = AH ] 2 B R s U B — 3
7E Current measurement %6 FEAE 1 & yes, ff £ B o) 4% I = .
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5.4.4 BEEI=1H+8[E¥ B % & Fi(Discrete 3-phase PLL)

Block Parameters |

—Discrete 3-phase FLL [mask] (lindk)

This Phase Locked Loop (PLL] system can be used to
synchronize on a set of wariable frequency, three—phasze
simazoidal si1gmals.

Input 1: Vector conmtaining the normalized
three—phase signals [¥a ¥h ¥el

Output 1: Measured frequency [Hrl = «f (Zpi)

Output 2. Ramp w.t  warying between 0 and E%pi,

synchronized onm zero crossings of the fundamental

[positiwe—sequence)] of phase A

Output 3: Wector [sin(wt) cos(wtl]

—Farameters
Minimum fregquency [Hzl:

|45

Initial inputs:[ Phaseldegrees)]  Fregquenew(Hz) ]

|[41.7 50]
Fegulator zains [ Ep Ei ]
| (B0 1400]
Sample time:
[50e-5
0K | Cancel | Help | Apply |

Kl 5.6 2 H = A A A 20 [ i 2R 48 2 B e

BY L A [ A [l i R e v] H T [A) 28 — A = A E 9L % ] A2 S 5 .
BEAE B A SN — 21 = AR R [Va Vb Vel Bt om 111 B b 00 6 1R 0%,
fnthom 2 AR, B g g, fiim H 3 i KR B [sin(ot) cos(ot)], P i H
) B O e TR 00 U % i R D s A

ZH W . Minimum frequency 2¥ FIAEIH S i /MNILA 45 (Hz) ;Initial
inputs TIHG WAL CERALA S SHIWGEHFE CBRAARZZ), HKIKEA
41.7 5 50; Regulator gains Uil H AT EME & SRR (Sample) Jii H 1A
50e. 5(HAL A FD), B AT HE A I A .
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5.4.5 B =818 Bl BE IR 5 9 B 57 IE FF il = JT 4 (Discrete 3.phase PLL-Driven

Positive-Sequence Fundamental Value)

Block Farame ]|

—Niscrete S—phase FLI-Driven Fositiwe—Sequence Fundamental ¥

For a supplied fundamental fregquency (port Fregl, this
discrete block computes the positiwve—sequence component
Magnitude and Phase)l of a set of three balanced or
unbalanced signals (port abe] which may contain harmonies.

Input port “3in Cos” [a two—dimension signal) prowvides
the reference frame required for the computatiomn. .

First and second outputs retuwrn respectiwely the
magnitude and phase (in degrees relative to the FLL
phaszel]l of the fundamental.

For the first cycle of simulation, the ouputs are held
constant to the walues specified by the parameter “Initial
input”.

constant to the walues specified by the parameter “Initial
input®, The walne of the parameter “Minimum frequency” is
uzed to determine the buffer size of the "Variable
Transport Delay” bloclk found inside this subsystem.

—FParameters
Initial freguency (Hz):

|5|:|

Minimum fregquency (Hz):

|45

Initial input (positive component]: [ Magz
1. 0593 41.7]

Sample time:
[50e-5

0K | Cancel | Help | Apply |

Bl 5.7 8 EL = AR [R) 25 [ i 9 )y 10 66 00 1 e I e e A 2 KU HE

= A AH [R5 (0] 3 3K By R 5 A0 1 0 0 A AR AR B A 1 ik 5 A R 0y
— Y AT BE A U ) = AP A BN P A A S B I IR R & I IR AR S A
fr, f A “Sin_Cos” (AN — D45 9y HP it HRESFE R, &
D7 B — A,z i R OR A R R, AR RCE T B ) —
B, b BT 7R W) 46 5K Initial frequency ¥4 SOHz, A #) 46 % X Initial input
CIEF ) e AR 1.0593 (b Z{H ) 41.7 CHAT N EED;
/N Z Minimum frequency [¥) 5 {5 F DLyl 8 A% 18 A% B 9E B 2% b (X1 K/,
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SO I 1) 5 i 87 R RF— 2

5.4.6 BRI =R BRI EFB NS TN N E Jt(Discrete 3-phase

PLL-Driven Positive-Sequence Active & Reactive Power)

5

—Nizcrete 3—phase FLI-Triven Pozitive—Sequence Active & Reac

Thi= discrete block measures the 3-phase actiwve power P
and reactive power B  associated with a periodic zet of
3-phaze woltages and currents which may contain harmonies.
P and B are calculated by ewaluating the fundamental
valuez [pozitive—sequence) of the input woltages and
currents with a runming window ower one cycle of the
specified frequency (port Freg).

Input port “3in Cos™ (2 two—dimension signal) prowvides
the reference frame regquired for the computation.

input 1: must giwe the frequency of the fundamental (Hz)
Input ?: must contain a [sinlyt) cos(kt)] two dimension
zignal , where w iz the rotation speed (radfs) of the
reference frame used for the computatiomn. .

input 3: Wectorized 3-phase instantanecus woltage (Wabe)
input 4: ¥ectorized 3—phasze instantanecus current (Tahbe)

Output 1: Wector [Maz ¥ Maz I] of the fundamental walues
Magnitude) of the woltage & current [peal walues of the
positive—sequence]

Output 2: 3-phaze PO measurement wector [POH) O (war)]
evaluated at the specified fregquency. Current flowing intae
an BL cireuit wi1ll produce positive actiwe and reactiwve
pOWers.

For the first ecycle of =imulation, the ouputs are held
constant using the walues specified by the parameters
"Tnitial input”.

he walue of the parameter “Minimum fregquency” iz used to
determine the buffer size of the “Variable Transport
Delay” block found inside thiz subsystem.

—Parameters
Initial freguency (Hz):

|5|:|

Minimum fregquency (Hzl:

|45

¥oltage initial input: [ Mag FPhase (Degress) ]
I[EE.ES*sqrt 21 41.7]

Current initial input: [ Mag FPhase(Degrees) ]
|[33I:I*5qrt 21 86.71

Sample time:
[50e-5

0K | Canecel | Help | mppls |

5.8 L — A [ 20 0] it UK S (4 15 A D 5 G D D A 0 T A 25U
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BT = AH AH [R] 25 [ 2% 5K 3 16 1F e A D) 5 06 D) D) 2 0 & oo A m] AR 4 RT RE
AW ER AN AR BRI E AR P 5 EUE Q. P
5 Q Hyvh S DU N () 5 H s R O R A A FR E I AR CHin A\ 3 I Fre
e it 752 T — JA 1A I 1) 3 28 2% 1 A 1K, S A\ i “ Sin_Cos” (i A\ —
AN TG ) M H A T F It 2 %5 &K . Initial frequency, Minimum frequency,
Sample time Ji H 55 5B A1 [ o 757 J0 0028 — AN I, 12 oo A8 I i O R
KR, SHME (Initial input) HE{E Y —32, Voltage initial input,
Current initial input 5 H AR 4 7 a5 5 PF Ao 3¢ 8% P A R 38, DU 7R 9 ds
(RVAH B 2 7 N AR 3 N FR 2, PriHEE an BB s .

5.4.7 1555 5 88(Demux)

Block Farameters: |

— Demze

Split either [al wector signals into scalars or smaller
wvectors, or (b] bus sigmals produced by the Mux block into
their constituent scalar, wector, or matrixz signals.

Check “FEus Selection Mode” to split bus signals.

—Parameters

Hamber of outputs:

|2

Display option: I]:.ar ;I

[T Buz =election mode

0K | Cancal | Help | Appls |

K 5.9 {55 70 & a S e

fF S DB — DN RED E AR E, SOk AN RE S BTN
Jim . FrH v A H Number of output JH A 2, 15540 & 2376 K A i/ 2K B =
VA 25 S 1 3 5 SR 72 P 4 e D 5 D 30420
YR S R TR S T AR A bR
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A 5 LR e H ) R 2 e Bl vt (R3O
5.4.8 #&%52%(Terminator)
Block Farameters: Terminator i |

output signals.

about unconnected cutput ports. )

Terminator
|7UEEd to “terminate”

(Prevents warnings

0K | Cancel | Help | Appl
Bl 510 #4545 Hhe

LRI

5.4.9 H#FHEHR(Gain)

Block Parameters:

EVA-—>VA

A AR S, DABIT b ORI A0 i A i L A

)

—rain

= wHE].

Element—wize gain [y = K #u) or matriz gain [y = FEku or ¥

—Parameters

Gain:

Ile-E

Maltiplication: IElement—wi se (K. #u)

Show additional parameters

0K |

Cancal | Help |

Bl 511 18 25 A B 2 JUHE

B8 S BLHH TR A AR 5 3T L — N0 i AR B AE A B R A (1
PR LA IR, FRbs L fEA I A4 1E .
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5.4.10 4k 218 (Relay)

Block Farameters: E =]
—Relay

Output the specified “on’ or " off walne by comparing the
input to the specified thresholds. The onfoff state of
the relay is not affected by input between the upper and
lower limits.

—Farameters
Switch on point:

|5EI.IZIl

Switch off point:
[49.5

Output when on:

|1

(utput when off:

[o
(v e —— Show additional parameters ——————————-
Output data type mode: Iﬁ.ll ports same datatype j

[T Enable zero crossing detection

Sample time (-1 for inherited]:

|—1

0K | Cancel | Help | Appl

K 512 2k d 243 45 He 2 FUHE

AL RV AN S B FME (0. 1) [P 24k a8y dar i PR e 4 T
RPIRAS, TN FA5 EL V)T 55 (Switch off point) IS EE KT, RS, 44k
A DR ER A DS IIRES, B Nt #2208 £3 (Switch on point) 2 U, RS .
RPN NI B A — AN o B 2 R At RURS FE 2R B I SE S 5 .

ZHREW EE TR, SRAFRTE] Sample time 5.1, RIALRFES Powergui
BEYe v B RRAE I [A]— S MG 5 BRI A, SR KT 50.01 I,
AR A TRRAS, Bt oh 1, ERHIRTER AR N GRS AR EE N T 50.01 I,
kAR A SORAS, Bt o 0, ERTIKT R AR KT, LS AR g ) D e
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5.4.11 =48 8% 25 (3-phase Breaker)

Block Farameters: |

—Three-Fhaze Brealer (maslk) [(link)

Connect this bloclk in series with the three—phasze element
wou want to switch. You can define the breaker timing
directly from the dialog box or apply an external logical
zignal. If you check the "External control’ box, the
external control input will appear.

—FParameters
Tnitial status of breakers |spen ;I

[v Switching of phase &
[+ Switching of Phase B
[¥ Switching of phase C

[v External control of =witching times
Breaskers resistance Ron [ohms)

|n. ool

Smmbbers resistance Ep (Ohms)
16

Smmbhers capacitance Cp [(Farad)
|int

Measurements IH.;.nE vI

0K | Cancel | Help | Applar |

5.13 = FH Wi % 2% = FHE

AT R ARSI S A PR T s, R ORI [R] ) H AN AR S ) Ak
AP, Bl — AN BRI E I g CA A IR RO o an SR = A W g A
B e ARl e bR oy I — AN il A o JE I AN
AN BRGS0 0 56 1, O frEgds+T T, 1 fEWregas& o IR = AR
A AR R BRI, T OGN TR] AT DA A TN T AE T 3 E

S E: WIS 2R VI UEIRAS Initial status of breaks ¥ 4] FF open; Ff& A/B/C
#H Switching of phase A/B/C W ALEH, 51, AH I AH ¥ W7 % 4 5 7K 28 452 B e 4]
UEIRAS;  AMER¥E I T e ] External control of switching times % A% H
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5.4.12 =#8 RLC 8% fa#(3-phase Parallel RLC)

Block FParameters: Load |
—Three-Fhaze Parallel EIC Load (mask] (linlk)
Implements a three—phasze parallel EIC load.

—FParameters
Configuration I‘f (zrounded) ;I
Hominal phase—to—phaze woltaze ¥n (¥rms)
|10e3
Hominal fregquency fn [(Hzl:
|50
Actiwve power P ()
|1.5e6
Inductive reactiwe Fower QL (positiwe war):
|o
Capacitiwe reactiwe power Qe [negatiwe warl:
|1.5e
Measurements IH.;.nE ;I

0K | Cancel | Help | Applhr |

K 5.14 = AH RLC Bk 17 2 = B HE

JeF4E R Configuration 631 4 Y(grounded), B 2 et . 302 S HHE K
A AR A L A 44 (8 (B3R 1A) FR R A 4, FH AR A AUE R 7R A A A (R
RRHR2E) DD P (BN = AME DI IE, BA T B L% QL

(=AM BT DI DIF QLA N Z) AT D% Qe(=MAME LI TI% Qc,
BRI Z ) BN TC DI D)% QL A%, SctH B8 g G I I I U 5 .
WG T FH TR0, — A ] 2 R P R U 2R 0 P 4 ) AR Al 2 1 41 3
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5.4.13 Powergui &1 (Powergui block)

J afl =10l x|

r Simulation type

™ Phaszor simulation
Freguency [HE]
| B0

¥ Discretize electical model

Sample time[z] [use O for continuousz];

| Be-4

™ Continuous

¥ Show meszages during simulation

Analyziz tools:

Steady-State Woltages and Cuments

[ritial States Setting

Load Flaw and kachine Initialization

dze LTI Viewer

Impedance vz Frequency Measurement

FFT Analyziz

Generate Feport

Hystereziz Degsign Tool

Cloze |

K] 5.15 Powergui 15 Ht 2 F( HE

1 H B U S A Discretize electrical model, 1% & KA 18] 4 Se.ds.
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5.4.14 Rk g

) "Scopel” paramet I ]
General | Drata histony Tip: try right clicking on axes
byes
Mumber of axes: I b [T flaating scope
Time range: |2.5

Tick labels: II:u:uttu:um avlis anly j

Sampling
Sample time j I 1]

k. | Ear‘u:ell Help | Apply

K 5.16 7~ 78 = H0HE

ARPRENECRE IR 5, TR 5 s IR VE S 2.5, BT
PARAZAAT DL o
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55 (FEER

551 ERWHES

0.8 .

0.6 .

0.4 .

0.2 .

I:I 1 | |
o 0.5 1 15 2 25 Ws

5.17 ki gsfmtfEY

WIS HE , GRS R SR (1 B R A DG AT, F 3 I PR 0 K
KT RAIS Y, gk sl 1, <M 0.

5.5.2 MEBT DT

51 T T T T

Frag(Hz)

el .

49 .

4?’ 1 1 1 1
o

0.5 1 16 25 tis

R

5.18 #i%

Ui BTz, P AR 42 P 3g 1 iR A S DR T AR AR, AR AR R
28, AR 0 3Hzo FESNFREE ST 50 I, 4% i 28 BEL S Y 1 3 BB 2% 2 4%
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Wl com, WriEtds & B, Bl AT ESCRBUERA RN T 473 1, 4k
ALY 0 W R AR S0 com, W ER AR WIIT, Wi OF it R AR S AR
A 50 5 47.3 W, 090 ) R AT B ARS8 5 W OT o
TEE e R

553 BRIEFHEESH

1':'8 T T T T

=
=
=
= 107 .

1.DE¥ -

1.05 .

1.04

1':'3 1 | | |
0 05 1 15 2 25 U

B 5.19 IEJy R IEE (bR L fED

deq
[l
=

-0 1 1 1 1
0 0.4 1 1.5

25 s

R

K 5.20  IF ¢ HL R AR

WP P, TR Hs R R 57 8T T 9% R b XA SR 1%, 25 R B BT 1 47
BONAERNE, WORS N A IS BEAR, AT A 20K San B, RGHURAE 0.5
WhJE —EARRD, RO RIE TR, SRR IR —BAL D, MOERFH
JEMEAE 2B N B S. IER R AR T AR %, R TR KM
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AL, WHIRSTLIRG IS, RREEANTES, IFEREETT.

5.5.4 hET S

Py
o

T

15

17 F .

16

151 .

14

1 3 1 | | |
o

0.5 1 15 25 s

(g

K 521 HIhIhx

'12 T T T T

Qe ar

13
14

=15

-16

-19 1 1 1

0.5 1 15 25 s

(g

K 522 IR

TR ERIDIER ], AT Dh DR SR TC TSR b, TR A
PR AR BB RER R, U e S PR A [ R K
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6 45k

ANV TAE S8R T % — Al X B Hs A% F BT =2 748 s 4 1) 4k HL O LA
Bt M H matlab BAFXT ) R G EGX — SR R R kvt

FESENY B ARSI A N B 52 7 R EAH DG Bk} HLl > 1 48 B R Mk iR
H1 matlab BRAF R I FEAKN YN, 27 2] T fif 220KV B Hs A8 HL v 76 /L ) R 4e b 14
5 A7 S AR FUIT O A3 BB A R DL R B I B A S B, R G Mt Ak
DR B BEAR BEAT SRR U, I 455 SE B I OR3P B8 ™ S AT ORAP L . WE I
T AR AR B Bk 0 ey BAS FIEA B, TR R, R KA E
DI RGN F IR RS 65 S & IR TR N SO0 S, TR 24400
FRPEAS Bk A7 Aoy o ORI L) 2R G AR A5 S P ) B A i

AR AR RS k.

CL) AR P fSc B I AR W P B R S A7 SG IR AR j T b 15 3, w02b e vtk —A4
220kV BEASHL T . MR AS H T T AR ) RS AL, WE R A 2
H—IREELEHE, Metfi &M REZN S5 £ IRFEEREE Bie Nit1r
T PR LA B R AR AT I AR F R RO AEAE RS . S A R R U £
L C N P S R DN R A A S S 0 B R S 7 RO o R o RS 5
SO 3 R A LA FIOIRAS T () 25 R0 o P AR, o e AR I 15 1 B P R
B 455 SE PR I DR AP 2 0 A I 1) 3248 Hs o O o e it o

(2) *>] Matlab BAFIFEARDIRE, #42& Simulink & H A SimPowerSystems
THAF, X THAR PR B TR 7 #. MHAH Simulink oK)
SimPowerSystem - HA 5 matlab M4V EEI I Dhae, M T —ANth = AHnl g
M2 U ZH 1K) 10KV At R R 6 ARG Al 28 ) 7 SRS B o 3 e o) 7 L 45 2R v 2%
WM g2 5387, Simulink F1 SimPowerSystem | FLF5 i SZ AEAE AL HL 7 2 G b
MO B FE T 5L, IF B s vk i 2 23 A 45 SR 5 S B e % sh AR I R G845 v
REMAA S R T, s 2] T AR EAE - #1d % 2] Matlab #F 2[5
BB S A RISCHR

ARPREF TR A AR AL, BEARNE AR B T 1) de F BB 7y AR s s EAT T IR
Wik, (HARRAR W B — Rt IEA R AR A0, b 1R 22 77 AN 407 1) SHE ST,
W R HAET T AR AR ORGP O AR A, TR REAE AN HEZ RN
ANAVATIRBN SO0 T O 5, W DRI S Btk o FE 807 SR R T R 45 5
KIVER, it — AR, A5

-43 -



Pt TRE e ) TR e vk e it (B30

it

ASCRAEFFEE NN 2Bl S AR B B o8 ), SR SCSE AR ™ I S X 8t
THEORI RS AT AL B IR > RETI 15 BRI Bk 55 78 70 I A48 AR Il
BB 4y T B BB CAE B TERATE B, AENARME, AERIRN
R Koy IR A B R BE J ST T VAT VR R AL, SR SE IRV Z S
fge T RNEMIR T (R, RO IR

S R U L RE S B FL ) CRE R A AL BTN B IR QLIS HF
fwJr s B R 22 AT 2 7 B2 U5 i A B AN SCH

—OO-LHE/NH TR A LIS

22 3R

[1] B, RMHE ) RGR R OR YR =) [M]. AEat: o g s, 1994

[2] B, FIRAK, BRKTT, RRMRE.f ) Rk ORI S 224 B BB B e
TR MLAE ST op E KR KA R, 1993

[3] ¥ AL MM BRI (AR AR 200D M. b5t b ERRK L H
fiAL, 2003

[4] FE'EZF.220kV A% R SR KI AL B . 2 A1 4L 5 JR U (Collocation , Wiring and
Setting Calculation Principle of 220kV Power Transformer Protection)[J].] < H§
W 28 &) A3 L4328 7] (Guangdong Power Grid Corporation Guangzhou Power
Supply Branch),2005

[5] ARAKkK.220~500kV AZHLU P A SE BV M. dbat: B L AR, 2004

[6] VFIEME. ) RGTHIRHrM]. Jbat: v EKRDK R Rt 1993

[7] WFIEW. W R4 A h 2 E M A at: H EKRIK L H R, 2006

[8] Delfino B, Massucco S,Morini A et al. Implementation and comparison of different
under frequency load-shedding schemes[C].Power Engineering Society Summer
Meeting,IEEE,2001,1:307-312.

[9] Terzija V V,Koglin H J.Adaptive under-frequency load shedding integrated with a
frequency estimation numerical algorithm[J]. IEEE Proc-Gener.Trans.Distrib,
2002,149(6):713-718.

[10] M, M7, FEF. I RGANHE 747 77 % (On Designing
Under-frequence Load Shedding Scheme In Power Systems [J] . 111 Zx Mk K227

it (Journal Of Shandong University Of Technology) , 1998,6(2):169-173
[11] Chia-Jen, Yuan-Tien Chen, Hsiao-Dong Chiang, el at. Dynamics Load Models in
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Power System Using The Measurement Approach[J]. IEEE Transactions on
Power System, 1993, 8(1) : 309-315

(12179, SREDMK, e 0t , 9k 2R 2. g B IR AR Ji W) F1 77 72 (Study on Essential
Principle and Methods for Load Modeling) [J]. B3 AR (Power System
Technology), 2007, 31 (4): (1-3)

[13]General Electric Company.Load modeling for power flow and transient stability
computerstudies|R].EPRI, 1987.

[14] KRB, /T, ZH.MATLAB W) R 508 M] bRt EE5 Tk
AL, 2004

[15] FAl, BEEUA & RIS MATLAB N A AR —ERS LS Bahib LAk
N M]AE S iSRS e
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B3R 1. SMCERENF

Al.l AT ERR 7 #T

PowerStation® WIJi s HTFL T VM RFLE HUIE, SCBE DB iU, RIEA ) R W . %R T
FEVFREAT WP S i s, AN 2 A L S AR AR LI E R . Bl TR S R R SR TE R
Gio JARAFHUS (RORS I BEAT ANIR] (0 J5 3 vl e +%

AT R AL T 8 SOMERE T2 T8I 2 A i nl RE A 280 TR IRt T A R oF 557 i B

VR LA o R T AR B — AN S, W BT PR A A A AR, e PR BT R
3 b S A8 g 4 45 S 0 AR T AR B — AN BT A AT SR A VR 2 AT AP I R A, T B AT
BIRIEI I R T Bon S LR S HONAE SR i R I R E I, DL AT BE X S 2 R W)
WA T A I T AT A A 3o XK AT BSR4 R R G5 5O & 1Y)
e FAR IR, IEERAE T — SRR AT RV S VAR T  VE SR SR T IR T AT WAV ST AL
it B DL AR A AT i N IR SRR o e, IR 20 M a0 8 4 U W O AR T i A 7 R A AT P A
.
15.1 1% T H 4k (Load Flow Toolbar)
B NS TR, WO TR At s L R e L
BT
ST LA i LR
1AL AN 28
£
TR P AR
eh BT 5
BRI A7 R4
SREUTE S s
&A1 ¥4 (Run Load Flow Studies)
MG S G PO B A AT R RIS R IS AT IR S R LA TR AT . B S SR 4
A Prompt (B2, WL —ANXEEHE,  BoE il i & A4 FR . 20 45 2R o e FR gk B Atk i i L.
3BT HL 45 47 77 L3 (Update Cable Load Current)

R DB A AT YR B AR, R A TEAEIZAT A 20 A A% vl 2 S e O I AR -5 R 2 A A SR KRR A
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R 25 () Pl 200 G 0 2% (KIS AT G LI

YL B 78 1% 10 (Load Flow Display Options)

WAL A3 BT 10 5 K R e SR I o R R SR A AT S, E 2 A B S M R T 4
R (Alert View)

EIR T 25, RS T ICE RS, REp A T AN 2 R sl 5 B T PR 4 B 28481 e 2
o

TR 25 8 F1 #% (Load Flow Report Manager)

WA IR B WAL ASCIT SUARSCHEAT Crystal ™35 o 41045 5 BLAE A W RE sCARER 4L T VO Rl 2 5
ARG AN AR ke 523, M. GRMELE . Crystal™ 35425 19 A] F 104 208 s 726 B A i 45 2
LIRS I o

TEAR 5 A BEAR P L FRAT AT AR SCAME ST Crystal™ 35 o 7RG B R 3CHT T AN 0t i o 4 o2 B RS
Ay o b A8 PR L 1 A L5 B A

© BHPT $ROERG PR BB A VR B

IS AN E

o BRER RRLRHAHE

< g i A KU

o SERE SEAERA A AR LR T B N R

o WA f el AR A RSk BT

o WA vk i A K

o WITR IR A R

o HUFE SCHHURESE R

o R ORISR

o R LRI LEE

o HLPUEE HPTE A S

o SRS S g A

* Undr/Over /i 4l it

o BRGSO R R

o R —ERE RAEE R RGBS

o B RRMELGRE R N

o SR BRI SR ) B

Al I R 2 T 2 LA b I A e RS IR A R R o TR TR RR bk b PR SO
MW AR — MRS . S 2, R)5 a8 a5 H R & .
BRSSOy R M, AR R OSC A B AT A, Ad AL SR Word. 3

- 47 -



Pt TRE e ) TR e vk e it (B30

i i AR R BRI B h il AR . ITE ETAPS.IND U4 SR BRI BEE .

SCAK AR A 132 IR TS, BRI 66 47 . AR SR R AOAR ORI DT, A A A K SO AL B R L
BURERABEE o LT BVRNETE ER 0 ho il g A, 5 HOM Word PRI U0 HIVE T 445

FF W24 1 7 45 (Halt Current Calculation)

WHE GO T RS2 BUE R 2R SR TN, ORI B ALt R b W A
FRIAE 26 5048 (Get Online Data)

$A7 PowerStation"7ELE i AT B R AL, MARGIMESAEL I, Ao % iR S M . ST BB AT
Bgey, BESe s g B 28 A AR e B R T

FREUAE RSB (Get Archived Data)

¥ ETAPS ARSI RS, B (BB s #2 RIBOE izt ] DU I S 3 1% 20145 1) DR 8
IR EIFIBATHIA T . ERTERR: IS AT U, BRSO g 4 A AR R SR T .

15.2 5347 2245 4 4% (Study Case Editor)

WAL T S0 G 2 (L RG BE P AR B U4 P ORI R T4 . 7 PowerStation” i A]
LABIEETC S 2 AN 0 W S8 o <R % v 55 AR T A% Tk 18 20 A G 491 1) SR vt SR 0 i 1 i o o ZEAR TR A 20 A
G 2 ) P AR D) TG 5 B B BT SR I A T BE T RO A RS R I TR

12k PowerStation® = 4 HHs FEME & 10— 05, AT R 01T T =AY R RE AR AT RS,
R IE ] TATRATRC B 28, BRI B o AR A MG T A H

AR TN AR A S TR A R o S0 ) AT TR M S RS T ]
DAAATG H R sl 23 B G2 0 SR ok Uy [l i w25

QU —ASF AT . BENTH A, AT lA A A SO Sop e, R Bl il el
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A1.2 Load Flow Analysis

The ETAP Load Flow Analysis module calculates the bus voltages , branch power factors , currents , and
power flows throughout the electrical system . ETAP allows for swing , voltage regulated , and unregulated power
sources with multiple power grids and generator connections . It handles both radial and loop systems . Different
methods are provided for you to select from in order to achieve the best calculation efficiency .

This chapter defines definitions and explains the usage of different tools you will need to run load flow
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studies . Theoretical background for different load flow calculation methods is also provided.

The Load Flow Toolbar section explains how you can launch a load flow calculation , open and view an output
report , or select display options . The Load Flow Study Case Editor section explains how can you create a new
study case , what parameters are required to specify a study case , and how to set them . The Display Options
section explains what options are available for displaying some key system parameters and the output results on the
one-line diagram , and how to set them . The Load Flow Calculation Methods section shows formulations of
different load flow calculation methods . comparisons on their rate of convergence , improving convergence based
on different system parameters and configurations , and some tips on selecting an appropriate calculation method
are also found in this section . The Required Data for Calculations section describes what data is necessary to
perform load flow calculations and where to enter them . Finally , the Load Flow Study Output Report section
illustrates and explains output reports and their format .

15.1 Load Flow Toolbar

The load Flow toolbar will appear on the screen when you are in the Load Flow Study mode .

Run Load Flow Studies

Run Control Auto Simulator

Load Flow Display Optiongs

Alert View

Load Flow Report Manage

Halt Current Calculation

Get Online Data

Get Archived Data
Run Load Flow Studies

Select a study case from the Study Case Editor . Then click on the Run Load Flow Study icon to perform a
load flow study . A dialog box will appear to specify the output report name if the output file name is set to Prompt .
The study results will then appear on the one-line diagram and in the output report .

Run Control Auto Simulator

The control Auto Simulator capability allows the ETAP program to generate operating values and emergency
conditions of a power system and feeds the information to actual control systems of generators . From the
Emergency page of the Load Flow Study Case , you can specify emergency conditions to be simulated , including
generator governor and exciter control modes and associated causes as well as circuit breaker status changes and
associated causes . This feature can be used to test and tune the setting and reaction time of the physical control
systems of your generators . ETAP Real-Time is needed in order to enable this feature .

Load Flow Display Options
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The results from load flow studies are displayed on the one-line diagram . To edit how these results look ,
click on the Load Flow Display Option icon . For more information see Load Flow Display Options .
Alert View

After performing a load flow study , you can click on this button to open the Alert View , which lists all
equipment with critical and marginal violations based on the settings in the study case .
Load Flow Report Manager

Load flow output reports are provided in the form of a Crystal Report . The Report Manager provides four
pages ( Complete , Input , Result , and Summary ) for viewing the different parts of the output report for Crystal
Reports . Available formats for Crystal Reports are displayed in each page of the Report Manager for load flow
studies .

Choosing any format in the Report Manager activates the Crystal Reports . You can open the whole load flow
output report or only a part of it , depending on the format selection . The format names and corresponding output

report sections are given below .

* Adjustments

* Alert-Complete
* Alert-Critical

* Alert-Marginal
* Branch Loading
* Branch

* Bus Loading

* Bus

* Cable

» Complete

* Cover

* Equipment Cable

* High Voltage DC Link

* Impedance

* Line Coupling

* Load Flow Report

* Losses

* NO Protective Devices

* Panel Report

* Reactor

Indicates tolerance and temperature correction adjustments
Provides complete report of system alerts
Provides summary of critical alerts only
Provides summary of marginal alerts only
Branch loading results
Branch input data
Display overloaded bus information
Bus input data
Cable input data
Complete output report including all input and output
Title page of the output report
Equipment cable input data
High Voltage DC Link input data
Provides detailed information about impedance elements in the system
Displays Transmission Line coupling impedance data
Load Flow calculation results
Branch loss results
Displays Normally Open protective devices
Load Flow calculation results for panel syetems

Reactor input data
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* Summary Summary of load flow calculation

* SVC Static Var Compensator ( SVC ) input data

* Transformer Transformer input data

» UPS Report Load Flow calculation results for UPS systems

You can also view output reports by clicking on the View Output Report button on the Study Case toolbar . A
list of all output files in the selected project directory is provided for load flow calculations . To view any of the
listed output reports , click on the output report name , and then click on the View Output Report button .

Halt Current Calculation

The Stop Sign button id normally frayed-out . When a Load Flow calculation has been initiated , this button
becomes enabled and shows a red stop sign . Clicking on this button will terminate the calculation .

Get Online Data

When ETAP Real-Time is set up and the Sys Monitor presentation is online , you can bring real-time data into
your offline presentation and run a load Flow by pressing on this button . You will notice that the Operating Loads ,
Bus Voltages , and Study Case editor will be updated with the online data .

Get Archived Data

When ETAP Playback is set up and any presentation is on Playback mode , you can bring this data into your
presentation and run a Load Flow by pressing on this button . You will notice that the Operating Loads , Bus
Voltages ,and Study Case editor will be updated with the playback data .

15.2 Study Case Editor

The Load Flow Study Case editor contains solution control variables , loading conditions , and a variety of
options for output reports . ETAP allows you to create and save an unlimited number of study cases selected in the
toolbar . You can easily switch between study cases without the trouble of resetting the study case options each
time . This feature is designed to organize your study efforts and save you time .

As a part of the multi-dimensional database concept of ETAP , study cases can be used for any combination of
the three major system toolbar components , i.e. for any configuration status , one-line diagram presentation , and
Base/Revision data .

When you are in Load Flow Analysis mode , you can access the Load Flow Study Case editor by clicking on
the Study Case button from the Load Flow Study Case toolbar . You can also access this editor from the Project
View by clicking on the Load Flow Study Case folder .

There are two ways you can create a new study case . You can click on the New Study Case button in the
Study Case toolbar , as shown above . It will open the Duplicate Study Case dialog box for you to specify names of
an existing Study Case and the new study case you want to create .

You can also create a new study case from the Project View , by right-clicking on the Load Flow Study Case
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folder and selecting Create New . ETAP will then create a new study case , which is a copy of the default study
case , and adds it to the Load Flow Study Case folder .

15.2.1 Info Page

Study Case ID

Study case ID shown in this entry field . You can rename a study case by deleting the old ID and entering the
new ID . Study case ID can be up to 12 alphanumeric characters . Use the Navigator vutton at the bottom of the
editor to go from one study case to the next existing study case .

Method

In this group you can select a load flow solution method . three methods are available : Newton-Raphson ,
Fast-decoupled , and Accelerated Gauss-Seidel .

For the Newton-Raphson , a few Gauss-Seidel iterations are made first to establish a set of sound initial values
for the bus voltages ( since convergence of the Newton-Raphson method is highly dependent on the initial bus
voltages ) .

Max.Iteration

Enter the maximum number for iterations . If the solution has not converged before the specified number of
iterations , the program will stop and inform the user . The recommended and default values are 2000 for the
Gauss-Seidel method , and five for the Newton-Raphson and Fast-Decoupled methods .

Precision

Enter the value for the solution precision , which is used to check for convergence . This value determines how
precise you want the final solution to be . For the Gauss-Seidel method , precision is applied to check the difference
between the bus voltages after each iteration . For the Newton-Raphson and Fast-Decoupled methods , the
precision is compared with the difference in power for each bus ( MW and Mvar ) between iterations . If the
difference between the iterations is less than or equal to the value entered for precision , the desired accuracy is
achieved .

If the solution converges but the mismatch values are high , reduce the value of the precision to make your
results more precise and run the program again ( you may need to increase the number of iterations) . Note that a
smaller precision value results in lower mismatch ( higher accuracy ) , as well as a longer run time . The default
( and recommended ) values are 0.000001 pu volts for the Gauss-Seidel method , and .0001 pu power for the
Newton-Raphson and Fast-Decoupled methods .

Accelerated Gauss-Seidel

This field is present if the Accelerated Gauss-Seidel method is used . Enter the convergence acceleration factor

to be use between iterations . Typical values are between 1.2 and 1.7 ; the default is 1.45 .

Apply XFMR Phase-Shift
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Check this box to consider transformer phase-shift in load flow calculations . The phase-shift of a transformer
can be found in the transformer editor .

Calc.Panel/UPS Systems

Check this box to include panel and /or UPS system load flow calculations as part of the whole system load
flow calculation . A panel/UPS system is defined as a radial sub-system that is powered through a top panel , UPS ,
or a phase adaptor connected to a 3-phase bus . A power system may contain several panel/UPS systems . Each
panel/UPS system has a top element that is either a 3-phase panel , 3-phase UPS , or a phase adapter .

If this box is checked , bus voltages and branch flows in panel/UPS systems will be calculated in a load flow
run and calculation results will be reported in the one-line diagram and the crystal report . If this box is not
checked , the load for each panel/UPS system will be summed up to its top element for the loading specified in the
study case . This load summation is based on the load rated voltage and does not consider any branch losses . The
top element will be treated as a single load in the system .

The panel/UPS system must be a radial system . ETAP checks loop configurations in panel/UPS systems
when performing load flow calculations . Should a loop configuration be detdctde , the load flow calculation will

be terminated and a message will be posted .
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