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Tinh toan thdng so6 cho thiet bi PSS nham
nang cao on dinh cac dao dong lien vung cho
HTD Viét Nam

Sinh vién thuc hién: Nguyén Trung Diing - k58
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NOi dung
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> M& dau
= Dao dong dién co
= Thiét bi nang cao 6n dinh
» Quy trinh tinh toan chinh dinh PSS
= Nhan dang ham truyén tir dap &ng kich ddng nhé
= Tinh théng s6 cho PSS
> Két qua tinh toan cho hé thong dién Viét Nam 2016
> Két luan
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Dao dong dién co

BACH KHOA |

e Trong hé thong dién, cac may phat dong bd cé cung tan sb 50 (60)
Hz. CAng suat co va cdng suat dién bang nhau.

e Khi c6 kich dong xay ra, cong suat dién budc phai thay ddi trong
khi cdng suat co khdng thay dbi kip => rotor may phat quay nhanh
lén (cham di) => tao ra dao dong dién co (trong khoang 0.2-3 Hz).

e Théng tw 25/2016/TT-BCT quy dinh vé on dinh tin hiéu nhd: “hé so6
suy giam cua dao déng (Damping Ratio) khéng dwoc nhé hon 5
%".
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Dao dong dién co

_BACH KHOA |
e Dao dbéng dia phwong (local):
= Dao déng trong dai tan so tlr 0.8 dén 3 Hz
= Dao déng cia mdt may phat véi hé thong
e Dao dong lién vung (interarea):
= Dao ddng trong dai tan sb tir 0.2 dén 0.8 Hz

= Dao ddng gitra cdc nhdm may phat trong hé thong v&i nhau.

3

Thang 5/2018 Hé théng dién, BHBKHN




Doi twrong nghién ciru

_BACH KHo |
Hé thong dién Viét Nam 2016:
= 438 may phat
= 65 nut dién ap 500kV
= 243 nut dién ap 220kV
= 1376 nut dién ap 110kV
= Ché d0 cuwc dai, trdo Iwu truyén tai
Bac-Trung-Nam cao (~2000 MW)
= Tdng cdng suat dat: 41.424 MW




Dao dong dién co tren HTD Viét Nam
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Phan tich tin hiéu dao dong ¢ may phat Son La

Frequency

(Hz)

Damping

Ratio

Amplitude

1-5mpTrd

0.000000

0.000428

180.000000

2 -SmpTrd

0.000000

0.001412

0.000000

3 -0scTrd

0.103584

0.881475

0.002134

-37.658545

4 -IntOsc

0.486228

0.049354

0.000131

-99.212976

5 -IntOsc

0.586858

0.028326

0.001556

-138.006664

& -IntOsc

0.933654

0.050842

0.000106

-175.647050

7 -LocOsc

1.124782

0.018159

0.000024

-94.023317

8 -LocOsc

1.352055

0.092204

0.000052

170.566103

O -LocOsc

1.732910

0.015916

0.000003

144.144298

Signal/Noise Ratio = 24.023149 dB
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Thiét bi ndng cao 6n dinh

BACH KHOA |

e PSS (Power System Stabilizer — thiét bi 6n dinh hé thong): c6 kha
nang tang hé so tat dan cho dao ddng rotor may phat bang cach
diéu khién bd sung cho mach kich tcr.

e SVC (Static Var Compensators — tu bu tinh): théng thwong tu bu
tinh dwoc st dung dé tang 6n dinh dién ap va 6n dinh déng cla hé
thong, kha nang nang cao 6n dinh dao ddng nhé clia SVC thudng
thap, can diéu khién bd xung dé dat dwoc hé sb suy gidm dao

déng mong muodn.
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Thiét bi nang cao O0n dinh
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e Cac thanh phan chinh cta bd PSS

Vpﬁmax
Signal 1 T | v || 14T, 14T,
1447 14T i () 1+sT
b wl d2 44
Transducer Washout Gain Limiter
Filter Filter Phase Compensation Algorithm -
(ascade Lead-Lag Filters i

8

Thang 5/2018 Hé théng dién, BHBKHN




Mo hinh phan tich dao dong nho cho HTD

PP khong gian trang thai

dx _ Ax+B,d
dt
y =Cx+D,d

= X |4 vec to chira cac bién trang thai

= Ala ma tran trang thai

= B, la ma tran dau vao

= d la nhiéu tac déng vao hé thdng

= y |4 vector clia dau ra hé thdng chira
cac bién do dwoc

= C,lahé sb clia ma tran dau ra

= D, la ma tran hé s biéu dién lién két
gitra bién dau vao va dau ra.

BACH KHOA |

PP nhan dang ham truyén

Y(s)
U(s)

G(s) =

= Y(s) la bién dbi Laplace tin hiéu ra
= U(s) Ia bién dbi Laplace tin hiéu vao




Ham truyén cua hé thong

BACH KHOA |

= R, dwoc goi la residue twong tng v&i mode thiv i, 6,,,=180°-angle(R;)

= A\ dwoc goi la tri riéng cua hé thong, 4 =0, + jo. mode dao dong

s = 4 A F 4 > X 42 A —0.
voitan sO f, =, /27, tis6 tat dan & = )

2 2
(o +o,
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Quy trinh tinh toan cho HTD Viét Nam

+
Vref .

+

¢

A A

May phat
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Vt, @, P

DSIToolbox

Xac dinh ham
»ltruyén hé hé bang

Matlab

v

Tinh toan théng s6

bu pha
v

Hé thong

Xac dinh hé s6 khuéch dai bang do thi
quy dao nghiém so ctia hé kin
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M hinh b6 PSS2A
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| | Ramp-.TraCking Stabilizer Gain & LImits ey
High-pass Filters Filter Phase Lead
- 451 | (145.13
Speed— s.Tm s 1] 14518 :@ ¢sp b TS |14 /  Output
I+sIWL| (14+sIW2| |1+5T6 \ (1.|_S]9)"’*ir N 14512 | (14514 /
KS3 Vstmin

High-pass Filters

Power— sIW3 R SJW4 , KS2
1+sTW3 | (HsIW4 14517
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Tinh toan cho nha may dién Son La

-4
X1 | | | | BACH KHOA |

SON LA
: : : : HOA BINH
Al SRS OSSR S VUNG ANG U
: : : : PHU MY
O MON

|

sp [pu]

Time [s]

Pap rng khi kich thich tai Son La
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Phan tich dap rng tai nha may dién Son La

Mode Type

Frequency

(Hz)

Damping

Amplitude

1
10 =

Phase

(deg)

1-SmpTrd

0.000000

2.289187

0.000000

2-5mpTrd

0.000000

0.895457

180.000000

3 -0OscTrd

0.054224

0.700035

0.356101

54.946544

4 -0scTrd

0.910336

0.263093

0.031037

£9.996147

G -IntOsc

0.590266

0.031743

0.168709

148.011461

6 -LocOsc

1.158313

0.086791

0.273299

171.353385

7 -LocOsc

1.390211

0.114939

8.048923

134155666

8 -LocOsc

1.576673

0.106357

0.059548

125.084948

9 -FstNse

2.012004

0.064585

0.000816

-17.681048

Signal/Noise Ratio = 54.568223 dB
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So d6 quy dao nghiém so hé thong

Root Locus o —

0.115

_1}

Imaginary Axis (seconds

Real Axis (seconds 1)
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So d6 quy dao nghiém s6 cia hé thong

Root Locus

27 [ [ | [ I e
0,08 . 0.054 0.034 0.016
LR L LRERCCTE R PR P T LTI PPEPLCL I PPEPTLLLESPEPRLTLRSREPELTS 20
19
14
U}
=
WA .
‘é € 14 (] .
5 Mode dia phwong
= E ............. Gain: 40.4 RREREEEE R LR EEERE AR 125
%} REE Pole:-1.62 + 13.8i
E Damping: 0.117
—_— Owvershoot (%]: 69.1 .
e MMequUencyraQfs]TIE o . . 10
T Mode lién viing
' Gain: 40.4 :
L 022 . Paole: -0,153 +3.72i
e e Damping: 0.0411 1.5
Owvershoot (56): 87.9
o Frequency [rad/s): 3.72 "
e o SpSpRpUpUpRpUpRpRpRpRpREpa S o . g
0.36° ) .
i R,
UL _ 25
1T I i | I | | I | i |
1.8 -1.6 1.4 -1.2 -1 0.8 0.6 0.4 0.2 0
Real Axis
(seconds

3.68

3.66

3.64
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-0.16 -0.155 -015 -0.145 -0.14 -0.135

Real Axis (seconds 1 )
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Thong so cai dat cho nha may dién Son La

Théng so
Tw
K
T1
12
T3
T4

Gia tri
10
40

0.4373

0.1667

0.4373

0.1667

BACH KHOA |
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Thong so cai dat cho nha may dién Hoa BlnhE
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Théng so Gia tri
Tw 10
K 30

T1 0.4845

T2 0.1458

T3 0.4845

T4 0.1458
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Pap rng sau khi co PSS

, BACH KHOA |
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banh gia hoat dong cac thiét bi PSS
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SON LA

X
25

—— PSS OFF
——PSSON

sp [pul]

...............................................................................................................................................................................
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banh gia hoat dong cac thiét bi PSS

BACH KHOA

WMode Type

Frequency

(Hz)

Camping

Ratio

Amplitude

1 -5mpTro

(L.O00000

0000279 180,000000

2 -0s5cTrd

(L051755

0.895291

0003156 bd. 425327

3 -IntOsc

0.465594

0.086262

0.000238 -86.749698

4 -IntOsc

0.584221

0.082503

0.001503 -152.320278

5 -IntOsc

0894011

0.095213

0.000115 -156.766451

6 -LocOsc

1.160948

0.102917

0.000273 -86.290659

7 -LocOsc

1.686604

0.063220

0.000336 15.768980

8 -Fsthse

1.850157

0.032020

0.000084 172.593244

9 -FstMse

2.186624

0.022571

0.000024 93.132262

Signal/Moise Ratio = 23.063835 dB




banh gia hoat dong cac thiét bi PSS

Interarea

\

SON LA

From: ul To:yl

Magnitude {dB}
i - .

'2U_€”'?'?'?€”é .............. é ........ é ...... ?_é_.?.?.??é .............. é ........ ?”'ﬁ'”ﬁ”'?'?'?é@ ...........

Local BACH koA |

Magnitude (dB)
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Két luan

_BACH KHOA |

e Viéc cai dat da dem lai két qud ré rang, tang ty soO tat dan cla dao
dong lién vung (tr 2.83% |én 8.25%)

e Phuwong phap tbng hop bd PSS dwa trén nhan dang ham truyén ho
cé tinh hiéu qua cao, dac biét khi khéng cé thdng sbd chinh xac cia
cac phan tr trong HTD

e Phat trién:
= Kiém tra sy lam viéc clia PSS v&i cac ché dod lam viéc khac

= Th nghiém v&i dap ing thu dwoc tir thi nghiém thwc té
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BAO CAO SINH VIEN NGHIEN CUU KHOA HOC

NGHIEN €CUU PHUONG PHAP UOC LUQONG DAC TINH Z.LP
CUA PHU TAI AP DUNG DIEU CHINH DIEN AP VAN HANH
(CVR) NHAM TIET KIEM DPIEN NANG

Sinh vién thuc hién: Ngo Viét Son K¥ thuat dién 01-K58
Nguyén Thi Phuong KF thuat dién 02-K59
Giang vién huéng dan:  T.S Nguyén Hoang Viét



NOI DUNG BAO CAO




I. PAT VAN PE

Tiét kiém dién Xp h
vi mot hanh tinh an




I. PAT VAN DE




I. PAT VAN DPE

= (Conservation Voltage Reduction (CVR) 1a thuat ngir chi nhitng phuong phap diéu chinh dién ap nham
giam pHu cau cong suat trong ludi dién phan phoi.

>

Phuong phép diéu chinh ——

dién ap




I1. MO HINH PHU TAI Z.1.P

1. Pac tinh phu tai Z.1.P

= M5 hinh phu tai Z.I.P 13 mot mé hinh phu tai da thire. Vé co ban 13 su két hop cua 3 loai phu tai:
phad tai tong tro khong doi (Z), phu tai dong dién khong doi (I) va phu tai cong suat khong doi (P).

» /H¢ phuong trinh mo ta phu tai Z.1.P:

e = ) =
Vv Vv
PL :Po' Zp' 7 +Ip' 7 +Pp
9 __ -
vY (v
QL :Qo' Zq' 7 +Iq' 7 +Pq




I1. MO HINH PHU TAI Z.1.P

2. Anh huéng ciia diic tinh phu tai

= Xét ié thong dién don gian nhu hinh vé:

Zd=Rd+jXd
& |

Vg V4
Spt

Hinh 2: So d6 hé thong dién don gian

g o Cong suat nguon
Khi thay doi dién — did A na 4
iip ngubn dién ién can phai cap
g y 299

. )




I1. MO HINH PHU TAI Z.1.P

2. Anh huéng ciia dic tinh phu tai

/
. . . . . : 0.55 — . . . : : 0.51
;###H#fffffﬂf##i E%(ﬁ;ﬁfﬁ,;xf“ﬁfﬂ#ﬂ#ﬁ E%(ﬁ
0-45 0-49 i L 4 n L i
096 098 1 1.02 1.04 1.06 1.08

09 098 1 1.02 1.04 1.06 1.08

096 098 1 1.02 104 1.06 1.08
ot 2 210°

%1072

2 - - - - - 1.6
o — o — o —
g2l . ] 8% S
@31'5 @%1'55 @%1'5
1 " 1 4 " i 2 .1-5 " M 2 i i 2 1 i " i & 2 "
096 0.98 1 1.02 1.04 1.06 1.08 096 098 1 1.02 1.04 1.06 1.08 096 098 1 1.02 1.04 1.06 1.08
0.6 — . . . . . 0.55 — . ' . . . 0.502 — . . . . .
E%o.s/- E’% 05/ E’%o.sms\
0-4 " " " 1 M " 0-45 " M 2 " M M 0-501 " " " i 1 i
096 098 1 1.02 1.04 1.06 1.08 096 098 1 1.02 1.04 1.06 1.08 096 098 1 1.02 1.04 1.06 1.08
Vg(p.u) Vg(p.u) Vg(p.u)

=11 =0,P, =0 Z =0,1,=1,P,=0 z,=0,1,=0,F =1

p p



I1. MO HINH PHU TAI Z.1.P

2. Anh hwéng cia dic tinh phu tai




I1I. CAC PHUONG PHAP UOC LUONG TY LE Z.1.P

1. Phwong phap binh phwong cuc tiéu (Least squares)

= Ap dung vao bai toan uéc luong ty 1¢ Z.1.P ta giai hé phuong trinh:

3 V 4 3 V 3 3 V 2 3 V 2
SIESESH AR
s(vY L &(vY L &(v) & (v
<zp.i:1 ? +1p; ? +P”Z[7j :;P,.[?;
3 V 2 3 V 3
ZPZ - ”P'Z 7 +Pp.3:ZB
i=1 0 i=1 0 i=l

= Uu diém: Nhanh va chinh xac khi khong c6 su thay doi phu tai

» Nhugc diém: Cho két qua rat khac thue té khi cé su thay doi phu tai

Hinh 6: Phwong phdp binh phwong cuc tiéu




III. CAC PHUONG PHAP UOC LUQNG TY LE Z.1.P
2. Phuong phap binh phuwong cuc tiéu dé quy

®» Uu diém: Cho két qua bam theo gia tri thuc [ K0k o0 00 Tl ]
®» Nhydc diém: Khi phu tai thay doi lién tuc thi cho két qua wi“}i P(0)
raf khac thuc té
/;]ll_.l'l: hién tinh toan - _\1
Pin—1yu(n)

k(m)

- A+u(n) .Pin—Duin)

a(n)=d(n)—u(n) win-1)
win)=w(n—1)+k(n).a(n)

\j{r:} =A™ Pin—1)- 27 k(m)z(n) Pin-1) _/)

Kiém tra xem con
dir liéu khong?

[ Xudit két qua ]




I11. CAC PHUONG PHAP UOC LUONG TY LE Z.1.P

3. Phuwong phap woc lwgng thich nghi

= V&1 mot bo gia tri (7. £) do dugc co rat nhicu bo gia tri (B,Z,.1,,P,) thoa man cac phuong trinh mo ta phu

ta1 Z P 2 1.47
Pk—P.[Zp.[ij +1 .(ij+P]
) 7o) NG 1.2}

a Z,+I,+P=1; Z,>0,1,>0;P,>0 (4
= Chon b gia tri (p(x),z,(k),1,),P,() ma tai do sl
fam muc ti€u: 3
L
@8 = o *dSp + dSzip + a * dSp * dSzip min Q o6}t
04r
D2
O —— i i i i i
0 0.2 0.4 0.6 0.8 1

V(p.u)
Hinh 7: Ho cdc dwong cong Z.I.P théa man diéu kién rang budc




I11. CAC PHUONG PHAP UOC LUONG TY LE Z.1.P

3. Phuwong phap woce lwong thich nghi

® Ta thuc hién so sanh cac b gia tri  (P,®),z,k),1, %), P,(k)cua budc k voi b gia tri  (Bk-1),Z,(k-1),7,(k-1),P,(k-1))
0.8

= So sarth vé d6 1éch Po bang cach bang cach tinh
digh tich dSp gitra 2 do6 thir(V)va p,(¥) vOi
P(V) AP (K).(Z,(k=1).V? +1 (k-1).V +P (k1))

Il g

P,(Y) =P, (k—1).(Z,(k—1).V> +1 (k—1).V + P (k —1)) 0.6

0 0.2 0.4 0.6 0.8 1
V(p.u)
Hinh 8: So sanh do lech Po




I11. CAC PHUONG PHAP UOC LUQONG TY LE Z.1.P

3. Phwong phap woce lwong thich nghi

= So sanh vé d6 1éch Po bang cach bang cach tinh dién tich dSzip gitra 2 d6 thiB(") va py) véi
0.6

B = Bk =1)(Z,(k)*V* +1,(k)V + P, (k)

BWYEP(k-1)(Z,(k=1)*V*+1 (k=1)V +P,(k-1)
0.5F

Uu diém: cho két qua c6 do chinh xé4c
cao khi cong suat dinh mrc cua phu tai 04F

it thay do1, ngay ca khi ty 1¢ Z.1.P thay

461 lien tuc theo ting budc 14y dit lidu. El -
S0

Nhuoc diém: khi cong suat dinh mirc cua
phu tai thay d61 nhi€éu hoac lién tuc, phuong 02t
phap s€ cho két qua rat khac so voi thuc té

0.1

0 0.2 0.4 0.6 0.8 1
V(p.u)

Hinh 9: So sanh do léch ty lé Z.1.P




III. CAC PHUONG PHAP UOC LUONG TY LE Z.I.P

’
4. Phwong phap ph01 hop woce lwgng ty 1€ Z.1.P (oo
Ca 3 phuong phap uoc lugng Z.1.P duogc néu trén déu ( Mmtmm,ﬁ )
co nhitng vu, nhugc diém riéng. Pé c6 dugc két qua udce

Khirl tao dif ligu |+
luong chinh xac nhat, ta phoi hop ca 3 phuong phap trén. C:

[ Ap dung phirong phip Least squares ]

Kiém tra diu kign

Z++P=1

Ap dung phurong phip Recursive least squares

dif ligu mdi khing?

Biing



1. CAC PHUONG PHAP UOC LUQONG TY LE Z.1.P

5. Két qua woc lwong

Kich ban dién ap va cong suat

So sdnh két qua




I11. CAC PHUONG PHAP UOC LUONG TY LE Z.1.P

5. Két qua wéc lwong

. ) 1.1 T T I I
= Kich ban 1:
S1.05F
g
= 1F
095 1 1 | 1
50 100 150 200 250
0.6 T T I I
204
£
2 0.2F ’ \
0 | 1 | 1
50 100 150 200 250
0.6 T T T T
g‘ 041
3
o 02F
] \
0 | 1 | 1
50 100 150 200 250
step

Hinh 10: Do thi dién dp do, céng sudt do, cong sudt dinh mirc




/

Phwong phap 1

/'/\_/\_-\_" hA
W
50 100 150 200 250
P o
\’\/\/f \/—/
50 100 150 200 250
M ﬁ//\—\
_—r
50 100 150 200 250

step

N (0.5

Q0.5

Phwong phap 2

Fun )\

50 100 150 200 250
a L)
AR i

50 100 150 200 250
R y s

50 100 150 200 250

step

o, 05 3

0.4

Q0.2¢

I11. CAC PHUONG PHAP UOC LUONG TY LE Z.1.P

Phwong phap 3

50 100 150 200 250
50 100 150 200 250
50 100 150 200 250

step



I11. CAC PHUONG PHAP UOC LUONG TY LE Z.1.P

5. Két qua woc lwgng

= Kich ban 2: 14 . T T T
|
g 1 4
>
09 | | | |
50 100 150 200 250
0.1 I I I I
S
2 0.05
0
o
0 | | | |
50 100 150 200 250
0.06 T T T T
2 00551 4
2
o 005 2
0.045 | | | |
50 100 150 200 250
step

Hinh 11: D6 thi dién ap do, cong sudt do, cong sudt dinh mirc




S
Phwong phap 1
e —
i ¥
50 100 150 200 250
_,-_/~/‘\_\____ \__;r___—“—-._._
50 100 150 200 250
\'_\___\Jh P
a0 100 150 200 250
sten

Phwong phap 2

50 100 150 200 250
MM” [ﬁN\ W %
U oW”
50 100 150 200 250
50 100 150 200 250

I11. CAC PHUONG PHAP UOC LUONG TY LE Z.1.P

Phwong phap 3

50

100

150 200 250

50 100 150 200 250

50 100 150 200 250
step



IV. AP DUNG VAO BAI TOAN CVR

Substation

=1,

126
124

122
120

118
115
14

/

Primary feeder

Distribution |, | N

transinrn'm

SECCI-I'IdEl}I'

® Thuyc hién diéu chinh di¢n ap bang nac phan ap ciia may bién ap

b i | ANSICBAI upper mit(126V) |
-“'L" ——___ Normal voltage
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IV. AP DUNG VAO BAI TOAN CVR
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IV. AP DUNG VAO BAI TOAN CVR
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IV. AP DUNG VAO BAI TOAN CVR

= T két qua chay thir chuwong trinh ta co:
Khong ting dung CVR : A1=47633kWh
Ung dung CVR : A2=47080kWh

‘ ad=1742 100 -1.16%
Al




V. KET LUAN

® Phuong phap udc luong phu tai Z.1.P ¢6 do chinh xac cao, phu hop vdi1 bai toan udce lwgng phu tai
Z.1.P khi cong suat dinh mirc cua phu tai it thay doi.

= H6n nita, phuong phap udc luong thich nghi duoc dé xuat con cé kha ning ap dung doi véi cac mo
inh phu tai da thirc phurc tap hon.

= Khi ap dung vao bai toan CVR, cho thay k¥ thuat CVR di tac dung diéu khién dién ap van hanh gop
shan ti€t kiém nang lugng.
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BACH KHOA |

NGHIEN CU’U PHUONG PHAP TOI WU VI TRI DAT
THIET Bl FCL KET HOP TAI CAU TRUC LU Ol
NHAM HAN CHE DONG NGAN MACH TREN LUOIl
110KV MIEN BAC

Sinh vién thuc hién : Ta Tuan Minh — K58
GVH : T.S Nguyén Buc Huy

Ha N&i — thang 5/2018



NoOi dung

BACH KHOA |

e Tbéng quan
e Cac phwong phap
e Xay dwng bai toan
e M6 phéng

e K&t qua kiém tra va danh gia

1
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Tong quan

BACH KHOA |

e Sy tang lén vé quy md cla hé thong dién Viét Nam
e Céac td may cong suat Ion tir cac nha may maoi

e Ngudn phat cdng suat m@i nhw gié va nang luwong tai tao
> Viéc phat trién hé thdong dién doi héi sw quan sat va nghién ctu

hang nadm vé cwdng dd dong ngan mach khi xay ra sw ¢ tai cac

nut tram quan trong.

2

Thang 5/2018 Ta Tuén Minh— Hé théng dién, DPHBKHN



BAl HOC

BACH KHOA |

So d6 lwdi 110kV khu vue phia Bac Viét Nam

Ha N&i — thang 5/2018



Fault currents on 110kV buses

; « 10

BACH KHOA |
3.5 [

Dong ngan mach trén cac nat 110kV

Ha Noi — thang 5/2018



Cac phwong phap

BACH KHOA |

« M@t trong nhirng gidi phap nham chong lai sy tang 1&n cla cwdng
dd dong ngan mach sy co 1a thay thé mot loat cac may cat hién tai

bang cac may cat cdng suat Ion va tdc dd dong cat cao.

> Diéu nay lam tang chi phi ban dau va khéng hiéu qua vé mat kinh

r
n

te.

5
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Cac phwong phap

BACH KHOA |

> Thay vi d8, nhiéu ki thuat khac nhau dwoc nham dén dé gidm

cwdng dd dong ngan mach sy cd nhw:

e M®& vong trong cac ché dd van hanh thich hop trén Iwéi.
«  Thay d6i ché dd lam viéc cla diém trung tinh.

« D&t khang dién tai diém trung tinh.

* Tach (phan doan) thanh cai tai cac nut phu hop.

 Pat thiét bj gidm dong ngan mach (fault current limiter) trén lwdi dién.

6
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Cac phwong phap

BACH KHOA |

> Thay vi d8, nhiéu ki thuat khac nhau dwoc nham dén dé gidm

cwdng dd dong ngan mach sy cd nhw:

 M¢& vong trong cac ché d6 van hanh thich hop trén lwéi.
«  Thay d6i ché dd lam viéc cla diém trung tinh.

« D&t khang dién tai diém trung tinh.

* Tach (phan doan) thanh cai tai cac nut phu hop.

« Pat thiét bj gidm dong ngan mach (fault current limiter) trén lwdi dién.

7
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Cac phwong phap

BACH KHOA |

e M?& vong thich hop trén lwdi:
e u diém cla bién phap la dé dang st dung, hiéu qua twong dbi cao va ton it
chi phi kinh té.
 Tuy vay, phwong phap nay ciing cé nhirng han ché nhat dinh, dac biét co6 thé
gay anh hwéng téi sw lam viéc 6n dinh va tin cay trong van hanh hé thong

dién, va cling lam tang tén that cdng suat trén Iwdi dién.

> Can co6 nhirng bién phap kiém tra, phan tich nghiém ngat trong ché
dd van hanh binh thworng cling nhw trong ché dd sy c¢d (N-1 AC

Contingency analysis)

8
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Cac phwong phap

BACH KHOA |

« P&t thiét bi gidm dong ngan mach (fault current limiter) trén lwéi

dién:

« CO tr& khang rat thap (by pass) dwoi diéu kién l1am viéc binh thuwdng cla
hé thong dién
« Khicé sw cd sé co tbng tré I&n va co tac dung lam gidm dong ngan mach

sw co trén lwdi dién.

9
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Xay dung bai toan

BACH KHOA |

** Ham muc tiéu:

NL NL
1C= Zcff.Uf + Zczf.sz — min
f f

/
0’0

Trong do:

* U: trang thai cai dat, thé hién cho vi tri dat FCL

e Zzf: 14 tbng tr& dwoc yéu cau dé gidm dong ngan mach, thé hién cho kich c& clta
FCL

 f:1a chi s6 cua dworng day ma cé FCL duwoc cai dat.

« cf (fixed cost): Chi phi cb dinh dé Iap dat thiét bi FCL tai mot dia diém

e c¢z: Chi phi tang thém do tré& khang phat sinh

« NL: Téng sb6 dwdng day trong mot hé thong

10
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** Rang buodc: BACH KHA |

e Vjtri dat (bién nguyén): U, €{0,1}
e Néu FCL dwoc cai dat tai dwdng day f, thi Uf = 1, nguwoc lai Uf = 0.
e Gidi han dong ngan mach:
I, <al,
e Trong do: ¢ la hé sb nhan dong sw cd
Ik: gi¢i han dong ngan mach tai dwérng day tho k
I, dong sw co thwe tai dwdng day the k
 Chi phi cta thiét bj FCL

Cap dién ap (kV) Chi phi FCL (triéu d6)  Chi phi tdng tré ting thém (triéu do)
230 1 0.2
<230 0.5 0.01

11
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Mo phong

BACH KHOA |

< Tinh toan vé&i lwéi truyén tai dién mién Bac.
** Kich thwéc: 657 nhanh 110kV, 153 nhanh 220kV.
*** FCL dwoc lwa chon dat trén cac nhanh 110kV,
» Cac nhanh 220kV dwoc xem xét dé mé vong.
¢ Cong cu mo phoéng
<» PSS/E cua SIEMENS: tinh ngan mach, kiém tra dién ap va
trao lwu cdng suat trong cac kich ban
<* MATLAB: Chwong trinh tinh toan toi wu (GA)

& SIEMENS @\ MathWorks

I

12
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Tinh toan song song

BACH KHOA |

» St dung nhiéu instance PSS/E tinh toan ngan mach

< Vec to hda tinh todn ham muc tiéu nham tan dung

t6i da CPU da I6i Iig

U e
E55TE B2
Worker

ESSETHE S
Worker

Population

Genetic algorithm ' - PSSEE 5

Worker

%]

(PR S
Worker
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Cap nht lai tong tré FCL pht hop

BACH KHOA |

[ i,
Wruum
| R

Tréve ket qua la file ludi moi voi i FCL
”‘.“ﬂﬂﬂ&‘ﬂm

Cép nhét lai tong tr¢ FCL phu hop
Cap nhat lai téng tré FCL phu hop

Thang 5/2018

14
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Kich ban mo phong

BACH KHOA |

<» Khong ché déng ngan mach sw co I&n nhat tai tat ca cac nat

khéng vwot qua 30kA, va so lwong FCL 1a 10.

<» Khong ché déng ngan mach sw co6 I&n nhat tai tat ca cac nat

khéng vwot qua 30kA, va so lwong FCL 1a 9.

<» Khong ché déng ngan mach sw ¢o6 I&n nhat tai tat ca cac nat

khéng vwot qua 30kA, va sé lwong FCL Ia 6.

15
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Kich ban 1: Khong ché dong ngan mach sw co I&n nhat tai tat

ca cac nut khéng vwot qua 30kA, va so6 lwong FCL 1a 10. BhcH Kioa |

0.25
Command Window

Stationary sectioning =

02t
233030-NHOQUAN2 220.00---233040-NHOQUANS2  220.00
Location install = 015
125019-TIENSON1 110.00--—-125629-RE THUANTHA 110.00
125019-TIENSONL 110.00-—-125654-R PHUCHANZ 110.00 04k
125053-YENPHONG21 110.00---125587-YEN FHONG2 110.00 '
129007-RE1_LACDAOL 110.00---129011-RE1 GIAPHAM1110.00
125009-RE2_ LACDAC1 110.00---134388-SAIDONGL C2 110.00
134013-RE1_CHEM1  110.00---134248-CHEMZ1 C1  110.00 0.05 b
134015-RE2_CHEM1  110.00---134249-CHEM21 C1  110.00
134029-RE1_NOIBAT1 110.00---134059-DONGANH1 C1 110.00
134059-DONGANH1 _C1 110.00---134060-DONGANH1 2 110.00
134264-CIPULTRA 110.00---134269-R CIPULTRA C110.00 0 ' ' ' ' '

- - 0 100 200 300 400 500 600 700
[ Stop ] [ F‘ause]
. r kd Y Y ~ r ~ Y LI 4 . r
Vi tri mo vong va dat FCL Nhanh dat va gia tri twong wvng FCL

e Tong chi phi cai dat FCL trong trwdng hop nay la 5.73 triéu
USD, th&i gian chay cua kich ban dat ra la 2711 giay.

16
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Kich ban 1: Khong ché déng ngan mach sw co I&n nhat tai tat

ca cac nut khéng vwot qua 30kA, va so lwong FCL 1a 10.

<

Fault currents

n (Count)

22 104 Fault currents on 110kV buses
I begin
351 [ after | -
3 ......................................................
28T
2 L
1.5
1H
0.5
o WELLELRE AT PP R R R R R P AR T TR
0 10 20 30 40 50 60 70 80 90
i Buses
Dong sy cd trwdc va sau khi dat FCL
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20
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0 T T T T T
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Qmin tai tit ca cac nut & Base Case

Qmin bus 135035 in N-1
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250 A

200

n (count)

150 1

100 +

e b

T T T T T T
—-150 —149 —148 —147 —146 —145
Qmin (MVar)

Qmin tai 1 nat khi xét trwong hop sw ¢ N-1 trén lwoi

Qmin 10 bus in Base case
0 =

—100 §

—200 1

Mvar

—300 4

—400

Before
H After

o N ol N N A N el ol
A0 0 0 B0 Bo &0 o0 oo oo
Res Ru s > pey R Re pes v ~r

Qmin tai 10 nat & Base Case

—500 +

BACH KHOA |
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16 - [ lafter FCL install

14

12
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BAl HOC

BACH KHOA |

Tén that dién ap khi xét trvorng hop sw ¢d N-1 trén lwdi 18

Thang 5/2018

Ta Tuén Minh— Hé théng dién, DHBKHN



Kich ban 2: Khong ché dong ngan mach sw co I&n nhat tai tat

> ” ” ~ ” b X b
ca cac nut khéng vwot qua 30kA, va so lwong FCL la 9. BACH KHOA |
0.35

Stationary sectioning =

03
228001-PHALAILZ 220,00-——228037-HAIDUCNGZZ 220.00

0.25

Location install =

0.2 -
125019-TIENSON] 110.00---125021-RE]1 TIENSON1110.00
130001-LYNHREN] 110.00-——130005-DONGVAN] 110.00 0.15 |
134013-RE1 CHEM1 110.00---134249-CHEM21 C1 110.00
134015-RE2 CHEM1 110.00 134043-RE2 HATIBOI1 110.00
134029-RE1 NWOIBAI1l 110.00---134059-DONGANH1 C1 110.00 et
134“31—RFE_HGTFIHT1. 'Hﬁ.ﬂﬂ———]ﬂqﬂﬁﬂ—ﬁﬁNGﬁHHT_ﬂ;ﬂ 110,00
134041-RE1_HAIBOI1 110.00---13403%-DONGANHL_C1 110.00 0.05¢
1340%1-CHEMZ1 C2 110.00---1342533-R_CAT DIEN 110.00
134274-R_THUONGTIN 110.00-——135037-TIA1 C1 110,040 0 L L L L |

0 100 200 300 400 500 600 700
I Stop ‘ [ Pause J

Vi tri m& vong va dat FCL

Nhanh dat va gia tri twong wvng FCL

e Tong chi phi cai dat FCL trong trwdng hop nay 1a 4.8 triéu

USD, th&i gian chay cua kich ban dat ra la 1949 giay.
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Kich ban 2: Khong ché dong ngan mach sw co I&n nhat tai tat

ca cac nut khéng vwot qua 30kA, va so6 lwong FCL 1a 9.

Qmin bus 135035 in N-1

H KHOA
«10% Fault currents on 110kV buses B mmm Before —
4 T T T T T T T T 300 4 After
I begin _
35+ R after |
250
=3 - 2001
© =
- ~ 150 -
3
= 100
50 - |7 AJ L
A JEEENEE | | | | | | 1 [ 1] | EERISINNNNNEEEEEE 0 T T | T _l—|_I T | s I T
0 10 20 30 40 50 60 70 80 90 —150 —149 —148 —147 —146 —145
e Qmin tai 1 nat khi xét truong ho 5N-1 trén w6
. X , . R min tal 1 nu | Xet trero’n O’p S CO IN-1 tren 1wrol
Dong sy cd trwdc va sau khi dat FCL ' g nop st
Qmin 10 bus in Base case
Qmin all bus in Base Case 7
HEl Before
25+ After —100 1
20 1 —200 -
g 15 s
a —300 A
10 A
—400 o
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’:|:|:‘7 ~500 4 H After
o N ol o> N A o2 o> ol
° ~1000 —800 ~600 -200 -200 0 N R RN A S
i Qmin (MVvar)
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BACH KHOA |
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S/Srate (%)
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Kich ban 3: Khong ché dong ngan mach sw co I&n nhat tai tat

ca cac nut khéng vwot qua 30kA, va so lwong FCL la 6. BACH KHOA |
0.5
Stationary sectioning = 0.45 |
0.4
22208]1-30NDONGZ 220.00---226001-HOANHBOZ 220.00
0.35
0.3
Location install = 0.25 |
: 0.2
134005-RE1_GIATAM1 110.00---134059-DONGANH1 C1 110.00
134007-RE2_GIALAM1 110.00---134059-DONGANH1_C1 110.00 I
134015-BEL CHEM1  110.00---1341£1-VANTRIZ1 110, 00 0.1
134041-EE1 _HAIBOI1 110.00---134039-DONGANHI C1 110.00 0.05 |
134043-RE2 HATBOI1 110.00---134059-DONGANH]I C1 110.00 ; . . . . Al .
134371-YENPHUL C2 110.00---134372-YENPHU1l C1 110.00 100 200 300 400 500 600 700

Vi tri m& vong va dat FCL

Nhanh dat va gia tri twong wvng FCL

e Tong chi phi cai dat FCL trong trwdng hop nay la 3.92 triéu

USD, th&i gian chay cua kich ban dat ra la 2038 giay.
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Kich ban 3: Khong ché déng ngan mach sw co I&n nhat tai tat

ca cac nut khéng vwot qua 30kA, va so lwong FCL 13 6.

2 10% Fault currents on 110kV buses ‘c
T T T T T T T T ‘ " mm
[ [ ] B::tfore oottt |
35 [ after | After
400
3 - - it A e s ]
<25 300 -
0
5
5’ )
= 200 -
E 15k
o 100
0.5
0 L L
0 L SENEENRRNNRNE NN NEEEEEE aNiEN AEENRIRIRIRNANE N 1 a & ARUNUNHNEneeeg T T T T T
0 10 20 30 40 50 60 70 8 90 —140 —120 Omi;m" —80 —60
BUSES Q . . - . e Y X A P
. £ .o . min tai 1 nut khi xét trwed'ng hop sw cd N-1 trén lwdi
Dong s co trwde va sau khi dat FCL ' Qmin 10 bus ingaas.; Ease'
Qmin all bus in Base Case 0
HEm EBefore
25 - After
—100
20
—200 -
5:’ —300 -
10 4
—400
3 Before
500 4 H After
° looo ~800 ~600 ~400 ~200 0 “&100\ “}'100‘3 ﬂ—;ﬁcﬂ ﬂn.ﬁc") x.,rn.@% ﬂﬁaﬁo ,&qﬁc’} {,,000‘3 {‘.,0001
Qmin (Mvar)
Qmin tai tit ca cac nut & Base Case Qmin tai 10 nut & Base Case 23
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Flow base case before and after install FCL

0.3 Flow with N-1 before and after install FCL
X 0.2 T T T T T T “lm
B bein Bl
[ lafter FCL install 0.18 [ [ after FCL install | ]|
0.26 -
0.16 1
0.14 H -
0.2 1 BACH KHOA
- o 0z = '
= =
O [l
2 015 1 2 01 ]
1] 5]
o (08
0.08 .
0.1 1
0.06 [ .
0.04 H -
0.05 1
0.02 E
0 ; e o
0 20 40 60 B0 100 120 140 0 20 40 60 80 100 120
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DZ T T T T T T T T T T T T T T T T T T T T
B beoin 0.18 [ B egin 1
0.8 1 [ Jafer FCL install | ] [_Jafter FCL install
0.16 L
0.14 0.14
0.12 0.12
= b=
S 01 S 01
[\ [55]
[V o
0.08 0.08
0.06 0.06
0.04 0.04
0.02 0.02
0 o
4 2 0 2 4 5 8 0 12 14 16 -4 -z o el 4 6 8 10 12 14 16
Delta U (%) Delta U (%)
Ton that dién ap & Base Case Tén that dién ap khi xét trvorng hop sw ¢d N-1 trén lwdi 24
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Két qua va danh gia

e Trong tat ca cac kich ban mo phdng, dong ngan mach sw co tai i

tat cd cac nat vuot nguwdng déu dwoc khdong ché vé gia tri cho phép
dat ra.

e Do thdi gian c6 han, mot s yéu té dnh hwdng téi tinh thwe té cla
chuyén dé nhw dir liéu vé cau truc lwdi hién tai da cé it nhiéu khac
biét v&i md hinh lwdi dwoc mé phdng trong chuyén dé, nén khi dua

ra thuc té co thé sé dwoc hiéu chinh lai.
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BAO CAO NGHIEN CUU KHOA HOC

P tai: Chién lwoc dau tw téi wu -nguc‘“)nln‘émg- lwong phan tan co
xeét t¢i anh hwong cua phi truyén tai va TCSC trong
thi trrong dién

Sinh vién thuc hién: Pham Thu Tra My
: Ha Duy Durc
; ; Pham Xuan Giap
Gidng vién huéng dan:  Ths. Pham Ning Van
TS. Lé Thi Minh Chau




. DAT VAN DE

s Thi trwong dién Viét Nam va nhiéu nwdc trén thé gioi da va dang
chuyén tir co ché déc quyén sang tw do canh tranh.

. Gia dién (LMP) .
hi trwon
dién

« tién phai trd/nhan khi mua/ban 1 kWh
tal mot vi tri trong lwdi dién

Phi truyén tai .

. dam bao viéc thu hoi von cho
don vi dau tw lwdi truyén tai

l Gia dién Tu bu doc c6
Nghé&n mach & = Phi truvén {31 diéu khién
< D [ i truyén tai } (TCSC)




. DAT VAN DE

ﬁ P_ ==Y B4t dinh == Gay kho khin cho van

Windubne TV EleCtic hanh thi trwong dién
‘ L i \ ‘ Dau tu ESS \-
cong suat

Nha dau tw

Chinh séch wu tién \=‘ Tham nhap I6m \ ‘ % Céc lo':i chi plhi
SRR % Dam bao c6 lai




Il. MUC DiCH DBE TAI

» Cac nghién clru da c6 vé chién lwgc dau tw toi wu nang lwong phan

tan (DERSs):

Chuwa xét sw trao dbi cdng suat véi ludi

Chi xét gia dién cb dinh

Khéng xét anh hwéng phi truyén tai

Chuwa xét ton that

Khéng xét anh hwéng cua TCSC

Khéng c6 rang budc ddm bao Igi nhuan cta don vi dau tw

DE TAI DE XUAT MOT MO HINH CHIEN LUQ'C DAU TU
TOI WU NGUON NANG LUONG PHAN TAN (DERS) CO
XET CAC YEU TO TREN




[ Bich kHoa |

Il. MUC DICH DE TAI

M® hinh bai toan tdi wu hai I&p

A

Chién lwoc dau tu tdi wu DERs

Rang buoc

OPF tuyén tinh nhiéu giai doan
(thuc hién bdi don vi van hanh
thi trwdng dién)




Il. MUC DiCH DBE TAI

NQI DUNG BE TAI:

Xay dwng mo hinh trao Iwu cong suat toi wu tuyén tinh nhiéu giai doan
c6 xet TCSC va ton that. Noi dung nay cua dé tai nghién ctru da duwoc
chap nhan dang trén Tap chi KHCN cua Dai hoc Ba Nang thang
4/2018.

Xay dwng phwong phap phan bd ph| truyen tai dwa trén mrc do sw
dung tai san truyén tai, co xét tdi ton that va kha nang dap ng nhanh
ctia ngudn nang lwong phan tan (DERs).

Vé phwong phap giai, do mé hinh Ia bai toan téi wu hai l&p
« Xét anh hwédng cla phi truyén tai va gia dién trong viéc quyét dinh
dau tw DER, dé xuat s&r dung phwong phap lap.
« Trwdng hop dac biét (khédng xét anh hwdng cda phi truyén tai), dé
xuat chuyén bai toan t6i wu hai I&p vé bai toan téi wu mot Iop
tuyén tinh nguyén thwe hén hop (MILP).
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1. XAY DUNG KICH BAN NGAY DIEN HINH

PV, phu tai ctia 24h trong 365 ngay Xac suat

Dt liéu gdm cong suat du bao cdia WT, > 5 kich ban ngay dién hinh va

« Sap x&p dit liéu cong
suat cia WT, PV va
phu tai vao 5 nhom
v3i nhitng dac diém
twong dong va tinh
ra 5 ngay dai dién.

* Dung ngay dai dién
cla tirng nhém dé
nhan xét tat cd cac
ngay cta nhém.



1. XAY DUNG KICH BAN NGAY DIEN HINH

Nhéap dir liéu dau vao

A 4

Kh&i tao diém trong tdm cda cdc nhdm

\ 4
Tinh todn khoang cach tlr moi diém
dit liéu tdi cac diém trong tAm
Phan céc diém dit liéu vao nhdm ma khodng cach
gitra diém di¥ liéu vdi trong tdm nhém d6 ngan nhat

Pua ra két qua

v

Viéc phan nhém
c6 két qua gibng
budc trudc

Cap nhat diém trung tdm cidc nhém

Thuat toan Kmeans 9
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2. XAY DUNG MO HINH TRAO LUU CONG SUAT TOI WU TUYEN TiNH
NHIEU GIAI DPOAN CO XET TCSC VA TON THAT

OPF — Optimal Power Flow (Trao lwu cong suat tdi wu)




2. XAY DUNG MO HINH TRAO LU'U CONG SUAT TOI WU TUYEN TiNH
NHIEU GIAI DOAN CO XET TCSC VA TON THAT

0 Tuyén tinh hoa tén that cédng suat

< Trao lwu cdng suat tdi wu khéng xét ton that cong suat tac dung (DC-OPF)
1
For (SS’SI’) = B, (85 _Sr) = X—(Ss _Sr)
< Tén that cdng suét trén tirng nhanh sr:
2 R

|
Ps(r)SS (SS’SF) = Gsr (Xersr) = ﬁxgrlzszr = R 5 lsr
sr sr 14 srj

PL%* (85,8, ) =Ry Fa

Srsr

< Tén that cong suat dwoc tuyén tinh hoa:

L
ploss (8,8, ) = Rsrlz%r (I)‘Fsr (I)‘
=]

Trong do: pub
o (1) =(20-1)Ap3™ = (21-1) i

12



2. XAY DUNG MO HINH TRAO LUU CONG SUAT TOI UU TUYEN TINH
NHIEU GIAI POAN CO XET TCSC VA TON THAT

‘FSI" = FS-’I_' + Fs_r kEgi

I:sr = FSJ; o I:s_r %(L)

0<F: <@_P®

Sr- sr

0<F, <(1-6, )Py

sr —

« Dong coéng suét nhanh sr co xét tén thét : %l)_~

Psr (8516r) P|OSS (6 0 ) st _Rsrzasr

()] +F A

M6 hinh tuyén tinh héa ton that

13



2. XAY DUNG MO HINH TRAO LUU CONG SUAT TOI U'U TUYEN TiNH
NHIEU GIAI DOAN CO XET TCSC VA TON THAT

@ Tuyén tinh hoa luoi dien co TCSC

max

‘g « A < ‘A > min
% Gi®i han mién lam viéc ctia TCSC : Xtese = Xqese = Xiese
Suy ra: : 5. —d
Xl'sl’:ln S Xsr — SF r S Xg:ax (*)

Sr

% Co 3 trwdong hop xay ra véi rang budc (*)

( min max
Fsr >0 I:sr'Xsr < 85 o 6r < I:srXsr

F.=0 §,-8, =0 (**)
F.<0 F xI™<§ -5 <FxI

VN

< Ap dung k¥ thuat tuyén tinh héa bang phwong phap sb Ién M va két hop sbé nhi
phan thi rang bubc (**) twong duwong :

Sr-sr

-M(1-y, ) +FxZ™ <8, -8, <FxJ" +M(1-y,)

Sr=-sr

{_MySr +Fxg" <8, -8, <Fxg™ +My,

14



2. XAY DU'NG MO HINH TRAO LUU CONG SUAT TOI WU TUYEN TiNH
NHIEU GIAI DPOAN CO XET TCSC VA TON THAT

€ 116 hinh OPF tuyén tinh nhidu giai doan

O Ham muc tiéu : Téi thiéu hda chi phi sén xuét cuia cac nha may dién

min, > Z g (b, 1) Py (b))

teT iel beGl

O Cac rang budc:

1) Can bang cdng suét tirng nat :

S P (t)- Y P(t)= Y {%Rnkzank(|)[F;k(|,t)+Fnk(|,t)]+{gm(l,t)_iﬁk(l,t)}}

i:(i,n)eMg j:(j,n)eMd k:(n,k)eQI I=1
,VnelN,vteT

2) Gigi han truyén tai cta lwdi dién:

L

Z[ o0t (1) + 1:||:F5J;(I’t)+Fsr(|’t):| Py, V(s,r)eq, vteT

I=1

15



2. XAY DUNG MO HINH TRAO LU'U CONG SUAT TOI UU TUYEN TiNH
NHIEU GIAI DPOAN CO XET TCSC VA TON THAT

3) Pam bao tinh convex ciia mé hinh tuyén tinh hoa

og (1, t).ApT™ <FL (I,t) + F (1, t); —1; V(s,r)eQ, vteT

Fo(Lt)+Fy (L) <o (1-1,£).A0p0%5 1=2,...,L,V(s,r) e, vteT

sr 7

og (Lt) <o, (I-1,t);1=2,..,L-1; VteT

(1) 2 0; F; (L,t) > 0; o, t) = {0;1}; V(s,r) e, vteT
L

0<> Fr(Lt)<O(t)Pe; V(s,r)e, vteT

0< s (L) <[1-0(t)JPE; v(s,r) e, vte T

16



2. XAY DUNG MO HINH TRAO LUU CONG SUAT TOI WU TUYEN TiNH
NHIEU GIAI DPOAN CO XET TCSC VA TON THAT

4) Gi®¢i han céng suét phat:
0<P, (b,t) < P;ib (b,t); vb e G (t), vteT
Py <P, (t)<PP; vteT

5) Toéc d6 tang/gidm cdng suat phat:

Pi(t)-P,(t—1)<RP;viel, vteT

Pi(t-1)-P,(t)<R™; Viel, vteT
6) Mién Iam viéc ctia TCSC:
My, (t)+F, (t)x2" <5, (t) -3, (t) <F, (t)xI™ + My, (t)
M| 1-y, ()| +F, (£)xI™ <8, (t) -5, (t)F, (£)xg" +M[1-y, (t)]
M=mn/2

.

7) Géc pha nit can bang : O =0

17



2. XAY DUNG MO HINH TRAO LUU CONG SUAT TOI WU TUYEN TiNH
NHIEU GIAI DPOAN CO XET TCSC VA TON THAT

Tinh toan gia dién (LMP - Locational Marginal Price)

LMP, = LMP; — LF,.LMP; + ) SF,_;.1y,
/ J | \

Thanh phan gia Thanh phan Thanh phan
nang lwong ton that ngh&n mach

18
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3. DE XUAT PHUONG PHAP PHAN BO PHi TRUYEN TAI CO XET
TON THAT CONG SUAT VA KHA NANG DAP NG NHANH CUA DER

< Phan chia phi truyén tai phai ddm bao: cong bang, dé thwc hién, phan
anh dung mure do st dung tai san truyén tai cta don vi tham gia.

< Phan bd phi truyén tai can phai c6 phwong thirc phan chia hop Iy tén
that céng suat tac dung va xét dén anh hwéng kha niang dap (rng
nhanh cua DER.

20



DE XUAT PHUONG PHAP PHAN BO PHI TRUYEN TAI CO XET
TON THAT CONG SUAT VA KHA NANG DAP NG NHANH CUA DER

. (; 3

OPF (N-0) c6 DERs OPF (N-1) c6 DERs

3.

Du trit cho twong lai

\ 4
Phi truyén tai Phi truyén tai Phi truyén tai Phi truyén tai
ché& dé binh thudng ch& d6 sw c6 dy trit cho tuong lai khong hop Iy
(CN) (cc) (CF) (Invalid)

| Tinh todn téc do |

tang/gidm cong suat
Phan b6 phi truyén tai phat clia DERs Phan b phi truyén tai
tdi tirng phu tai st dung @i tirng phu tai theo
hé sé tuyén tinh GLDF 1 phuong phap Tem-thu

Phan b6 phi truyén tai
theo thuat todn &
ch& d6 sw c6

!

P Tinh todn gia truyén tai |«

21



DE XUAT PHUONG PHAP PHAN BO PHI TRUYEN TAI CO XET
TON THAT CONG SUAT VA KHA NANG DAP NG NHANH CUA DER

* 2}%
CETT
3.

Q Ché dé binh thwdng (OC):

4 Trao lwu === RPF

cong sudt = v w“i';"-"‘" PPF e . {l;m}l"ﬂaximum PPF PCkN (t)‘
w= == Higudung === Kha nang tai n
g e (1) = ek [ )
Thanh phin chwa sir dung Pk
Q Ché d6 sy cd (CC):
Thanh phan dv tri¥ cho
twong lai (CF) PS (t) — |PSN (t
e (1) - e PP
Thinh phin dy trit sy~ Thanh phan i | i
< (CC) higu dung Q Du trir cho twong lai (CF):
lid
Thanh phan sir dung & TCCF (t) _TC P’ (t) _ TCEN (t) _TCCC (t)
¢h& d5 binh thumg (CN) nk Nk pmax nk nk
Von dau tv dwong diy Thei gian Pr:/f"d (t) — min [Pr?;ax , (1 N OL) Pr;rk (t)j| (t)

Cac thanh phan phi truyén tai

22



3. DE XUAT PHUONG PHAP PHAN BO PHi TRUYEN TAI CO XET
TON THAT CONG SUAT VA KHA NANG DAP NG NHANH CUA DER

o Phan chia phi truy&n tai trong ché& do 1am viéc binh thuong

{ OPF (N-0) nhiéu giai doan ] O Hé sb tuyén tinh GLDF cua phu tai:

N
Pr|1cl)<SS|eSS’O( ) Z GSDFnk,i-PDi (t)
=1
#rb

[ Nhan dang thanh phan phi truyén tai ] GLDF,, 1, (t) =

ilp (t)
‘ 5

GLDF, ;(t) = GLDF, ,, (t) — GSDF, ; (t)

Xac dinh sy dong gop cda ngudn/tai
vao dong cong suat nhanh str dung ]

hé so tuyen tinh GGDF, GLDF d Dong cbng suat nhanh do phu tai
dong gop :

. X Pisestess:O (t) = GLDFY ; (t).Pyy (t
[ Phan chia phi truyén tai t&i tvng nguon/tai ] “ (®) i (1) Por (1)

23



3. DE XUAT PHUONG PHAP PHAN BO PHi TRUYEN TAI CO XET
TON THAT CONG SUAT VA KHA NANG DAP NG NHANH CUA DER

O Phan chia.thanh phé‘m tdn thAt Pﬁng suAt tdi h‘png niit:

lossless, 0 (+\
APnkN(t)' [Pncla(slis ess,0 (t)] , PIL?(sfless,o (t) .Prll?(ssless,o (t) >0
2 4
APci(t) =1 D[P (t) ]
i=1

0 PIossIess,O (t)_PrIl?(ssless,O (t) <0

" nk,i

O Dong céng suat nhanh do phu tai i ddng gop 1&én dwéorng day nk cé xét ton that :

Plcl)(s’is (t) _ PIossIess,O (t) n APnk,i (t)

n nk,i

Q Phi truyén tai ciia dwdng day nk & ché dé Iam viéc binh thuwong:

Pi ()
max

s ,  nk
d Phi truyén tai dwoc phan chia t&i phu tai @ ché dd lam viéc binh thwdng:

TCSR (t) = TC™.

Ploss (0)
s ()

> [P (t)

i1
24

TCThk = TChe (t)




OPF (N-0) tuyén tinh

nhiéu giai doan

}

Tao su cd N-1

Su cd N-1

e \
cudbi cung?

‘ Sai

Tinh dong cong suat nhanh
trong ché do sw ¢d st dung hé
s6 tuyén tinh LODF, GSDF

6 duwong Sai
day bi qua
tai ?

OPF khac phuc qua
tai

}

Xac dinh dong cong
suat I&n nhat tirng
nhanh trong tat cd ché
do N-1, N-0

Phan bé phi
truyén tai trong
ché do su co

Phan chia
phi truyén tai
trong
ché do sw cb

Lwu lai dong cdng suét
tirng nhanh trong ché do
su cd N-1

J‘.

Cap nhap dong céng suat mai
trén tirng nhanh sau khi khac
phuc qua tai

25



3. DE XUAT PHUONG PHAP PHAN BO PHi TRUYEN TAI CO XET
TON THAT CONG SUAT VA KHA NANG DAP NG NHANH CUA DER

Thuat toan OPF hiéu chinh qua tai

Ham muc tiéu: Toi thiéu héa
chi phi thay doi cdng suat
phat va tai

¥

Cac rang budc:

%+ Rang budc can bang cong
suat nut.

% Rang budc vé gidi han
cong suat phat.

% Rang budc vé gidi han
truyén tai.

% Rang budc vé gidi han

tang/giam cong suat DER.

Z Co AP + Z chiAPC;i + Z c‘]l)jAng + Z cdDjAP];j

et ieQ? ieQ? ieQ?

1

(6n - Sk)

D Pg =D P+ (APG —AP;)— D (AP —AP ) = "

ieQe jed ieQs jeqd ke Xk
min 0 + - max
P.." <P, +AP. — AP, <P_.

Pl + Y, GSF, (AP —AP;)— > GSF (AP, —AP,)<Pi™

seN,ieQf seN,jeQ!

~RD™ < AP} - AP, <RU™

26



3. DE XUAT PHUONG PHAP PHAN BO PHi TRUYEN TAI CO XET
TON THAT CONG SUAT VA KHA NANG DAP NG NHANH CUA DER

Tinh toan dap wng nhanh cua DER

Kha nang dap &rng nhanh cua DER
RUDER RDDER

|

Kha nang dap trng Kha ning dap rng Kha nang dap trng
nhanh cila WT nhanh cGia PV nhanh ctia ESS

% Kha nang tang céng suat %+ Kha nang gidm cong suat
RUY () = min {[RUM™ u M R () - P (1) RD (1) = min {RD"™, PY" (1)}
RU;} (1) = min {RUFV’max Jul PR () - P (t)} RD}Y (t) = min {RD}™, PEY (1)}
ESS ESS ESS
E-ESS(‘L—I)—SOCEss CESS ESS ESS_ .- ss.max OO0Cima G —Eig (t-1)
ESS,(y _  ESS_ . : ESS,max __ESS “i,s i,min -~ RD;7°(t) =u;”"xminq P, 7™, ’ .

RU; (D) =y ><m1n{Pi,B i, AT s () , nfiSAT
+PESS (1) - PESS 1) PR (0+PER ()

27



3. DE XUAT PHUONG PHAP PHAN BO PHi TRUYEN TAI CO XET
TON THAT CONG SUAT VA KHA NANG DAP NG NHANH CUA DER

O Dong cdng suét do phu tai i ddng gop 1én dwdng day nk khdng xét ton that :
PIsesSC (t) = GLDF,§ ; (t).Py (1)
0 Dong céng suét do phu tai i ddng gop 1én dwo’ng day nk cé ton that la:
Prics < (8) = Py (&) + APy (£)

O Phi truyén tai phan chia t&i phu tai & ché dd sw cb thoi diém t 1a:
Ploss C Ploss 0

Z
cC CC nk,i nk,i i—nk
TCI nk — Tan N
loss,c loss,0
Z Pnk /] Pnk /J 'Zj—nk

j=1
o] [P RET e -r 0]
i—nk =
0, [PS ()P (£) ][ Plese< () ~ Pl (1) < 0
o Phan chia phi truyén tai cho dw trir twong lai
TC (t) = TCk. o (1)

iPDj (t)

=1

28
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[Xéy dwng kich ban ngay dién hinh

/Xéy dwng mé hinh trao lwu cc“)ng\ 4 N

Xo JA: £ 4 PR Xay dwng mé hinh
suat téi wu tuyén tinh nhlgu giai chién luoc dau tw
doan cé xét TCSC va tdn thadtcong | | . e
SuAt toi wu ngudn nang
AN J lweng phan tan

"l )

Pé xuét phwong phap phan bd phi
truyén tai co xét tén that cong suat
va kha nang dap wng nhanh cua
DER

30



Mb hinh dau tw toi wu nguon nang luong
phan tan co xet phi truyén tai la
mo hinh téi wu hai Iop

A

Phuong phdp gidi bai todn tdi wu hai lép

/\

Phuwong phap lap Chuyén vé mé hinh bai todn tdi vu mot 1&p

31



4. XAY DUNG MO HINH CHIEN LUOC PAU TU TOI WU DER VA PHUONG

PHAP GIAI

e M6 hinh diu tw téi wu DER

Ham muc tiéu: téi thiéu héa chi phi déu tw va chi phi van hanh

min(CIDER + ch)

DER N WT1~WT v PV1~PV N ESS1~ESS
J= )= J=

N> 24

60 = 365553715 5[ 7884 (1) + L2 (6] P (1)4T)
=1 t=l

Rang budc:
Ngan sach dau tw:
Céng suat phat cia WT:
Céng suat phat cta PV:
Trang thai lam viéc cua ESS:
Céng suat ctia ESS:

CPER < [Cmax
0 <PYT(® < uV"RY ™ (1), vj,t,s
0< P]-f)sv(t) < u]P VP]-})SV““"‘(t),Vj,t,s

0 < oS> (0) + B (D) < u™> Vjtys

= Ujs

ESS ESS ESS -
0 <P (® < o5 (0. P M, Vjt,s

0< Pji,sg(t) < sts(t).gFBSSmaX,v]‘,t,s

32



4. XAY DUNG MO HINH CHIEN LUOC PAU TU TOI WU DER VA PHUONG
PHAP GIAI

« Rang bubc nang lwong lwu trlr cua ESS:

ESS
(
EESS(t) = EFSS(t — 1)+<P]ESS§(t) ESS _ ’;SSS) AT, Vi, t, s
iB
ESS
SOCESS < By (t)<socE55 Vit s
jmin = CEss j,max »G

]
EESS(O) - EESS(T) V] S

 Rang budc vé tai tai nut 1ap dat DER:

NWT NPV NESS

Puns(® = Pos®— ) BYT() - ZPPV(t)— Z PESS(6) + RS (1)), vt s
j=1

 Rang budc vé ddm bao lgi nhuan:

365.5b. ) vo Y | (RSO + CBER0(0)) - Pos(0) — (TiiRa(0) + Chga(t) ) Puuns(t) | AT = CPPR
= =1
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4. XAY DUNG MO HINH CHIEN LUOC PAU TU TOI WU DER VA PHUONG
PHAP GIAI

< Phi truyén tai phu thudc vao cau tric lwdi cling nhw cdng suéat tiéu thu
va codng suat phat tai mdi nat. Do ¢ sw tham gia ciia DER nén céng
suat tai nut co dau tw DER trong bai toan dau tw la chwa xac dinh.

< Vi mdi quan hé gilra phi truyén tai va céng suat nat 1a phi tuyén va
khéng biéu dién dwoc bang biéu thire giai tich nén khdng thé gidi bai
toan chi trong mét buére.

< Dé gidi quyét van dé do, mét phuong phap 1ap duwoc thwe hién dé giai

bai toan 2 [&p.

< Thuat toan Iap dwoc thyc hién theo so d6 khdi sau:

34



4. XAY DUNG MO HINH CHIEN LU'O'C PAU TU TOI U DER VA PHUONG

PHAP GIAI

Thuat toan lap giai bai toan téi wu hai 1&p

Khéi tao s6 bo PV, WT, ESS va cong suat tai moi gid

c6 xét phi truyén tai

Trao luvu cong suat tdi wu nhiéu giai doan

Bai toan |&p dudi: tinh gia dién

v
Tinh LMP va phi truyén tai

Bai toan t6i wu dau tw DERs

va phi truyén tai

Bai toan |&p trén: M6 hinh dau

\ 4

Tinh cdng suat tai nut dat DERs

Tinh kha ndng ddp *ng | ty t8i wu DER
nhanh ctia DERs

Két qua bai toan

dau tu giong budc
trudc?

Pua ra két qua
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4. XAY DUNG MO HINH CHIEN LUOC PAU TU TOI WU DER VA PHUONG
PHAP GIAI

6 Phwong phap dwa vé bai toan téi wu moét I&p (MPEC)
< Trwdng hop riéng: khong xét anh hwéng clha phi truyén tai trong chién
lwoc dau tu ti wu DERS, bai toan téi wu hai I&p cé thé dwoc dwa vé mot
I&p va tuyén tinh hoa thanh bai toan quy hoach tuyén tinh nguyén thuc
hon hop MILP

< Bai toan toi wu I&p trén 1a bai toan téi wu chién lwvoc dau tw DERs d3
noi & phwong phap 1ap nhwng bé di thanh phan phi truyén tai.

< Bai toan to6i wu I&p dwéi 1a bai toan OPF nhiéu giai doan duoc thuc
hién b&i don vi van hanh thi tredng dién. Bai toan t6i wu Iop dwdi dwoc
viét riéng ré cho tirng ngay dién hinh.
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4. XAY DUNG MO HINH CHIEN LUOC PAU TU TOI WU DER VA PHUONG
PHAP GIAI

< Sau khi tuyén tinh héa céc rang budc va HMT bai toan MPEC c6 thé

dwoc dwa vé dang vai toan quy hoach tuyén tinh nguyén thuwc hén
hop (MILP).

Bai toan toi wu

|&p trén Bai todn toi Ot 16
P ai toan t(:/ldui'u mot |&p B3i toan quy hoach
cac rang budc can bang tuyén tinh nguyén
Rang budc - huc hon hop (MILP
g (MPEC) thuc hon hop ( )

- J

Bai toan toi wu
|&p duwdi

Tuyén tinh hoa cac
rang budc bang
dinh ly d6i ngdu manh
va hé sé M 1én

Diéu kién t6i wu theo dinh Iy
Karush-Kuhn-Tucker (KKT)
két hop vOi
ly thuyét déi ngau
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5. TINH TOAN LUOI BIEN 24 NUT IEEE

Tong s bién : 125540
Tong s6 bién nguyén  :59539 TCASC
Téng s rang budc : 149577 tréndz |

: ’ : a ‘A 3 16-19
Thoi gian tinh toan trén phan mém )
MATLAB & CPLEX 12.7 :2gi¢ TCSC

Xay dwng kich ban ngay dién hinh | trén dz™
dwoc thuc hién trén phan mém théng | 15-16

ké IBM SPSS (Statistical Product and é) * v
Services Solutions) .

e

P\ Electric
Wind turbine

So d6 lwéi 24 nut IEEE
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5. TINH TOAN LU’O'l BIEN 24 NUT IEEE

PWE(MW)

0.90 4. ..
A
0.80 |

0.70
0.60
0.50
0.40
0.30
0.20

0.10

0.00

e+ Kjch bdn 1 = = = Kjch bdn 2 e oKichbdn3  eccccece Kich ban 4 = = = Kich bdn 5 t(h)

5 kich ban ngay dién hinh cha céng suat WT
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5. TINH TOAN LU’O'l BIEN 24 NUT IEEE

4.50
A

4.00
3.50
3.00
2.50

2.00

Ppv(MW)

1.50

1.00

0.50

0.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
e ich b&N 1 o= = = Kich ban 2 === «Kichban3 === Kich ban 4 Kich ban 5 t(h)

5 kich ban ngay dién hinh cta cdng suat PV
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5. TINH TOAN LU’O'l BIEN 24 NUT IEEE

2750 o Cong suat phu tai cwc dai toan hé théng 2650,5 MW
2500
2250 -2 o gies o § g
2000 slininatini e T
A1750 = 4...- ....................................... : -....\.‘.: )
% 1500 %__.“_"?.“.“."4 ..... M e e R O 1 5 S i sl .
1 . N
© 1250 Feriniiiiiiiiiinares? - b N FRRREHRH :
Q- 1000 : i JE
750
500
250
0 >
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
em== oKijchbdn1l e oKichbdn2 eeceecece Kichban3 eecececee Kich ban 4 Kich ban 5 t(h)
5 kich ban ngay dién hinh cdng suat phu tai
Xac suat kich ban 5 ngay dién hinh
Kich ban 1 2 3 4 5
Xac suat 0,326 0,027 0,121 0,227 0,299
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5. TINH TOAN LU'O' BIEN 24 NUT IEEE
Khong DER Co DER

[ Bich kHoa |

Pon vi: triéu $

Pon vi: triéu S

32,76 31,26

B chi phi mua dién L] Véndautuw PV B von dau tw ESS
Il Phitruyén tai B Véndautwwr

Thanh phan cac loai chi phi trwéc va sau khi dau tw DER
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5. TINH TOAN LU’O'l BIEN 24 NUT IEEE

Két qua dau tw DER

[=> Vi tri dat TCSC c6 anh hwéng dén két qua dau tw DER ]
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5. TINH TOAN LUOI BIEN 24 NUT IEEE

Pwt,pv,ESS(MW)

4.5

3.5

2.5

1.5

0.5

-0.5

-1.5

PV WT BEEEEESS  e=Pnetload

Pin xa

Pin sac

220

- 200

- 180

- 160

- 140

- 120

- 100

+F 80

+ 60

L 40

+ 20

Pnetload(MW)

Cong suat ky vong cua WT, PV, ESS va phu tai tai nat dau tw DER
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5. TINH TOAN LUOI BIEN 24 NUT IEEE

Phi truyén tai ky vong (S$/h) va do giam (%)

Phi truyén tai ché Phi truyén tai Phi truyén tai Téng phi truyén

dd binh thwong ché dd sw c6 du trir twong lai tai
Khong cé DER 7061,6 11083,8 1205,3 19350,8
Chi c6 DER tai 15 6884,7 10609,9 1166,4 18661,0
Co DER tai 15 va TCSC trén 15-16 6907,5 12150,5 1148,4 20206,4
Co DER tai 15 va TCSC trén 16-19 6767,3 10934,6 1168,9 18870,8
2,5 4,3 3,2 3,6
Do giam(%) 2,2 -9,6 4,7 E
4,2 1,3 3.0

7

=> Pau tw DER lam phi truyén tai giam

\.

(= Vi tri @3t TCSC anh hwéng dén phi truyén ti ‘
— DPat TCSC trén dwong 16-19 ¢6 Ioi hon vée mat phi truyen tai so véi
_ dat TCSC trén dwong 15-16
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5. TINH TOAN LUOI BIEN 24 NUT IEEE

1000
900

600
500
400
300

phi truyén tai (S/h)

20

o

10

o

t(h

mm OC CC mm PC —e—Phi truyén tai

800
700
oIIIIIIIIIIIIIIIIIIIIIIII
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
)

Phi truyén tai ki vong va cac thanh phan tai nut dat DERs (sau khi dat DER)

[:> Phi truyén tai trong ché dé sw c6 chiém ti trong I&n nhat va thay doéi qua cac gic‘r]
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5. TINH TOAN LU’O'l BIEN 24 NUT IEEE

25

X

20

15

1 )
| | Pau tw DER lam giam

gia bién nut trong cac
|| gi®» cao diém

1 J

10

Gid bién nut ky vong (S/MWh)

o L= HHHE
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
t(h)

e KhONg c6 DER e CO DER

Gia bién nut ky vong tai nut dat DER
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5. TINH TOAN LUOI BIEN 24 NUT IEEE

26.00
590
24.00
580
570 22.00
< 560
v 20.00
"% 550
c
@ 18.00
> 540
E
= 530
£ 16.00
520
14.00
510
500 12.00
123 456 7 8 9101112131415 16 17 18 19 20 21 22 23 24
t (h) 10.00

1 23 45 6 7 8 91011121314151617 18 192021 22 2324

e=@==Khong DER  «=@==C¢4 DER Khéng DER C6 DER

Gia bién nuat ky vong tai nat KHONG dit DER
(nut 8)

Phi truyén tai ky vong tai nit KHONG dit DER
(nut 8)

= Dau tw DER lam tang phi truyén tai tai nit khac trong hé thong nhwng
khong lam thay déi nhiéu vé gia bién nat.
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5. TINH TOAN LU’O'l BIEN 24 NUT IEEE

Két qua dau tw DER (khdng xét phi truyén tai)

e s s
s :
s s o

[=> Viéc xét phi truyén tai anh hwéng dén quyét dinh dau tw ]
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6. KET LUAN VA HWONG PHAT TRIEN CUA PE TAI NGHIEN CUU

c Két luan

< Xay dwng mo hinh trao lwu cong suat toi wu tuyén tinh nhieu giai
doan co6 xét ton that cong suat va TCSC.

% Dé xuat moé hinh phan bd phi truyén tai co xét dén toén that cong suat
va kha nang dap &rng nhanh cua nguén nang lwgng phan tan.

% Xay dwng md hinh khac phuc qua tai (OPF corrective) co xét sw dap
trng nhanh cua cac ngudn nang lwong phan tan.

% Xay dwng mé hinh chién lwgc dau tw toi wu 2 1&p cé xét dén phi
truyén tai va gia dién bién doi. DPac biét, rang budc dam bao lgi nhuan
dwoc thém vao dam bao cho viéc dau tw lubn mang lai lgi ich.

% Phan tich &nh hwéng ctia TCSC dén chién lwgc dau tw toi wu.

Bai bao: Pham Nang Van, Le Thi Minh Chau, Pham Thu Tra My, Ha Duy Duc, Pham Xuan Giap, Tran

Manh Tri, “Multi-period linearized OPF model incorporating transmission losses and TCSC”, Journal of
Science and Technology, The University of Danang, accepted on April 2018 (in English).

51



6. KET LUAN VA HWONG PHAT TRIEN CUA PE TAI NGHIEN CUU

° Hwéng phat trién cha nghién cru

D)

% Xét bai toan nhiéu nha dau tw chién Iwgc DERSs tai cac nut khac nhau
cung muodn toi wu lgi ich cia minh trong hoat déng thi trwd'ng dién.

% T&i wu hoa thij trwdng dw trir cong suat trong hé thong dién cé mirc
doé tham nhap cao cua cac ngudn nang lwong tai tao.

% Vi tri va dung lwong t6i wu cta hé thong tich trik ndng lwong.

% Lap ké hoach van hanh ngay t&i cho hé thdng dién hén hop thay dién
— nhiét dién — dién gio — dién mat troi.
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PHU LUC — Céng suét phat cta tuabin gid, pin quang dién mat troi

¢ Cong suat phat du bdo cla tuabine gid

0, V < V¢
P Vv
R V+P | 1-—R— |, ve<v<yv
Pit=9Vg -V R Vg —V R
wt — R C R C
Pr VR SV < Vg
0, V > Vg
Trong do :

PR : COng suat dinh mirc cla tuabin gidé (MW)

v : tdc do gio (m/s)

Vc : t6c d6 gid nhé nhat tuabine ¢ thé phat cong suat (m/s)
VR : tdc do6 gid dinh mirc (m/s)

VF : tdc do gid tdi da dé tuabine cé thé hoat ddng (m/s)
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PHU LUC — Céng suét phat cta tuabin gid, pin quang dién mat troi

¢ Nhiét do té bao quang dién mat troi :

NOCT - 20
Tean = Tomp + G
cell amb ( 300 ]
% Cong suat phat du bado cla pin quang dién mat troi:

G
Pov =Psrc {m [ 1+ 8(Toe - 25)]}

Trong do:

Ppv : cOng sudt phat cha pin nang lwong mat troi (MW)

G : blrc xa mat troi (W/m?2)

O :hé s6 cong sudt-nhiét do (W/oC)

Tamb : nhiét dé moi trwong (oC)

Tcell : nhiét d6 té bao quang dién (oC)

NOCT : diéu kién nhiét do pin lam viéc & trang thai binh thuwong (C.m2/W)
Pstc : cong suat dinh mirc cda pin nang lwvgng mat troi (MW)
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PHU LUC - Chién lwoc dau tw toi wu nguf“)n nang lwong phan tan cé xét
anh hwéng cua gia bién nut va phi truyén tai

- O md hinh nay ta khéng xét t&i dnh hwéng cla phi truyén tai dén chién luoc
dau tw t6i wu DERs ma chi xét mdi quan hé gitra dau tw DERSs va gia bién nut
(LMP). Trong mé hinh nay, ta ciing khéng xét t&i anh huwéng ctiia TCSC va tdn
that cédng suat tac dung.

< Bai toan toi wu I&p trén 1a bai toan xac dinh sb lwong toi wu cac ngudn nang
lwong phan tan DER (Distributed Energy Resources) khi quyét dinh dau tuw tai
mét nat trong hé thong dién



PHU LUC — Bai toan t6i wu I&p trén

< Bai toan toi wu I&p trén |a bai toan xac dinh sb lwong téi wu cac ngudn nang
lwong phan tan DER (Distributed Energy Resources) khi quyét dinh dau tw tai
mét nat trong hé théng dién
HMT: Téi thiéu chi phi dau tw va chi phi mua dién
min(CDER CLD)
WT PV NESS

CDER Z UWTICWT +ZUPVICPV + Z UESSICESS

N> 24
Ct° =365.S,, - > 76 Y. miek s (0. Py ¢ (1).AT
j=1 t=I

Rang budc:

* ngan sach dau tu: CPER < 1emax

« cOng suat phat ciia WT: 0 < BYT(H) < "B (D), i t,s
« cOng suat phat cta PV: 0 < BL' (D) < w VBT, V)t s

- trang thai lam viéc cla ESS: 0 < oj°(D) + B (1) < v, vjt,s
 Rang budc vé cong suat cia ESS: 0 < PESS(t) < ofS5(v). PEassmaX, Vit s

0< P_ESSE ) < EESS (t). pESSmax Vi, t,s



PHU LUC — Bai toan t6i wu I&p trén

« Rang bubc nang lwong lwu trlr cua ESS:
j,Ss,a

pESS
EESS(t) _ EESS(t 1 + <PESS(t) nESS j,s,B )> AT, Vi, t, s
n

ESS(t)
SOCmin < CESs < SOC Vit s

EESS(O) EESS(T) V],
+ Rang budc vé tai tai nut 1ap dat DER:

NWrT NPV NESS

Puups(®) = Pos(® = > BYT(r) Z PRV (9 - Z PESS(0) + PESS (1))t s
=1

 Rang budc vé ddm bao lgi nhuan:

Ng 24

365.Scp-D 15 2 (thencs (1)-Po,s (1) — MR s (V-Paip s (1)) 2 CP°
s=1 t=1




PHU LUC - Bai toan t6i wu 16p dudi

Khi khéng xét phi truyén tai, ta c6 thé biéu dién bai toan tdi wu 2 I&p vé bai toan
tdi wu mét I&p véi cac rang budc can bang (MPEC) tir d6 co thé dwa vé bai toan
tdi wu quy hoach tuyén tinh nguyén thwe hén hop (MILP) bang phwong phap big-
M

< Bai toan t6i wu I&p dwéi la bai toan ED (Economic Dispatch) khdng ton thét
dwoc thwe hién bdi don vi van hanh thi trwdng dién dé xac dinh can béng thi
trwong cling nhw xac dinh gia bién nut (LMP) va céng suéat phat cla cac nha
may. Bai toan tdi wu I&p dwdi dwoc viét riéng ré cho tirng ngay dién hinh.



PHU LUC - Bai toan t6i wu 16p dudi

!!!!

HMT:Téi thiéu chi phi sén xuét dién cla cac nha may dién truyén théng

24 N

: A i (t)Pg (¢
Rang buéc: m'”ééc() ais (D)

N N
- Can bang cong suat toan hé thdng: ZPGi’S(t) =ZPDLS(t):7\S(t), Vis
i=1 i=1

 Rang budc gi¢i han truyén tai
N-1

Flhe < Z GSF_;. (PGIS(t) Pms(t)) + GSF|_pEr. (PGDERs(t) — Pnwp s(t)) < Fj"¥
- p{rém(t) Ws (), VI=1,...,M Vts
 Rang budc céng suat phat
PE™ < Pgis(t) < PE: 0MM(t), 0 (t), Vi=1,...,N;Vts

 Rang budc céng suat phat

RD; < Pgis(t+ 1) — Pgi5(t) < RU; :E{gi“(t),z{f;ax(t) ,Vi=1,...,N;vt=1,...,23;Vs
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PHU LUC - Bai toan t6i wu 16p dudi

Phwong trinh Lagrange cua bai todn tbi wu I6p dwéi teng voi kich
ban s:

- {

N N-1
G (1).Pg; s (1) — 24 (1) {Z Pai s () - [Z Poi s (1) +Puip (t)]]
= i=1

N-1
ax (t) |:Flmax - z GSI:I—i (PGi,s (t) o PDi,s (t)) - GSI:I—DER (PGDER,S (t) o PNLD,s (t)):|

i=1

Mz EMZ ¢Mz

| N-1
un (1), {Flmax + 3 GSF_; (Pg; s (t) —Po; s () ) + GSF_per (Paper,s (V) —Puip,s (t)):l

i=1

1

M=

Il
—_

|:(Dmax (t). (Pé'?ax Pai s(t)) + (Dmm (t). (PG' s(t) - Pg:m ):|}

[\
W

ZN:|: rax (t) ( PGi,s (t + 1) + PGi,s(t)) + §| m(t) (PGi,s (t + 1) - PGi,s (t) - RDgi ):|

i=1

~
—

Gid bién nut dwoc xac dinh tlr ham Lagrange c¢d biéu thic nhu sau:
M

ms(®) = 4O + ) GSFy; (WA"() - W*(©)) ()
I=1
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PHU LUC — bai toan MPEC

+* M6 hinh bai toan t6i wu quy hoach toan hoc v&i cac rang budc can bang
(Mathematical Program with Equilibrium Constrains — MPEC)

- Gia bién nut =g ((t) trong ham muc tiéu va rang budc dam bao lgi nhuan

cda bai toan tdi wu I1&p trén dwoc xac dinh t bai toan 1&p dwdi. Trong khi

do, phu tai tai nat co dau tw DERs Py p4(t) phu thudc vao quyét dinh dau

tw & bai toan ti wu I&p trén nén ching dwoc két hop lai thanh bai toan

toi wu hai l&p.

- Bai toan téi wu l&p dwdi ED 1a mét bai toan quy hoach tuyén tinh LP
(Linear Programming), mé hinh t6i wu hai I&p trén c6 thé chuyén
thanh dang MPEC (Mathematical Program with Equilibrium
Constraints) bang céach

- biéu dién bai toan tdi wu I&p dwdi thanh diéu kién téi wu theo dinh
ly Karush-Kuhn-Tucker (KKT)

« ly thuyét toan ddi ngau

« thém vao rang budc cla bai toan toi wu l&p trén.
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PHU LUC — bai toan MPEC

HMT: min(CPER + CIED)
Rang budc:
* Rang budc cua bai toan I&p trén

) 211 Pais(t) = ZilpDi,s(t) Ve
M
. (D) = A (D) + . GSFy—i. (1" (6) — 1w (1)) + (@ (R) — () + (M2 (1) — EAn(t) ) Yt =1;¥i,s
() =)+ ) G (WO — (W) + (00 — o))
+ (E{f;a"(t) — M (D) + g (e — 1) — EM(t - 1)). vt=2,...,23;Vis

M .
CaO =20+ ) G (WO — ) + (N — o) + (FENe - 1D g -1).
Vt = 24:Vi,s

. 0= i) L FP™ 4+ BT GSF . (PGi,s () — Ppis (t)) + GSF)_pgr. (PGDERS (t) — PnLpss (t)) =0
vi=1,...,M;vt=1,...,24;Vs

0= L FP = 5N 6P (Para() — Bos(t)) — GSF_per. (PapERs () — Paps(®) 2 0,
vi=1,...,.M;vt=1,...,24;Vs

« 0<@lN(t) LPgs(t)—PRM>0,vi=1,...,N; Vt=1,...,24;Vs

.« 0 < oM(t) L poax PGLS(t) >0,Vi=1,...,N; Vt=1,...,24;Vs

- 0<ENN(H) L PGi,S(t+ 1) — Pgis() —RDP" > 0,vi=1,...,N;Vt = 1,...,23; Vs

« 0 <E™(t) LRU; — Pgs(t+1)+Py(H)=0,vi=1,...,N; vt=1,...,23; Vs




PHU LUC — bai toan MPEC

- M6 hinh bai toan MPEC phi tuyén do thanh phan mks(®. Paps(t) & ham
muc tiéu va rang budc ddm bao loi nhuan va cac rang budc bd sung
lam cho viéc giai bai toan nay tréd nén phurc tap.

- Ta sé tuyén tinh héa cac rang budc va chuyén bai toan MPEC vé
dang MILP (Mixed Interger Linearing Programming) c6 thé giai dworc.

< Tuyén tinh héa rang budéc dam bao loi nhuan

- tuyén tinh hoa biéu thirc phi tuyén ks (D). Pyip,s (t) trong rang budc
dam bao loi nhuan. Bé don gian ta bd qua ki hiéu kich ban s trong phan
nay. Theo ly thuyét d6i ngdu manh, quan hé gitva ham muc tiéu cta bai
toan ti wu I&p dwdi ban dau va bai toan déi ngau clia né trong tirng
ngay dién hinh dwoc biéu dién nhw sau:
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PHU LUC — Tuyén tinh hoa rang budc ddm bao loi nhuan

24 | N . . M . N-1
3 {Z (—Pg}axm{“ax (t) + PTinmin (t)) 4 Z ™ (t) (-ﬁmax + 3 GSF_.. PDi(t)J

t=1| i=1 I=1 i=1
23 N

M
+3 e (t)( —Rmax Z GSF,_,. PD,(t)J + k(t)z PD,(t)} + 22 (-RUE™ () +RDEM (1)
I=1

t=1i=1

24 .
+z[x<t> PNLD(t>+ZGSF|_DER-(M{“'”(t>—u{“aﬂt))-Pt”LD}

t=1 I=1

T N
=2, 2. G(t)Pg(t)

Lay biéu thirc LMP trong (*), thanh phan mg & (). Pypp(t) co thé
dwoc bién dbi thanh:

24 24 M
> 13k (O-Puo(®) = 3| () Puip (8) + Y GSF_peg-(nf™" (1) - umaX<t>)-PNLD<t>}
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PHU LUC — Tuyén tinh hoa rang budc ddm bao loi nhuan

Thay phwong trinh nay vao ngay phwong trinh trén ta dwoc

24 N

24 N o M N-1
Y 2 () Pun(®) = > ¢i(6) Pgi(t) - Z Z(-Pg;aXmPaX(t)+Pg;'"m{“'"(t))+zu{"'”(t)[-ﬁmax +ZGSF,i.PDi(t)J
t=1 =1

t=1i=l1 t=1]| i=l i=1
23 N

- N-1 ,
3 () [—ﬁmax LGSR By (1) [+ AT Ry (t)] -2 3 (-RUE™ () +RDE™ (1))
I=1 i=1

i:l t=1 |=1

Rang budc ddm bao Igi nhuan dwoc viét lai nhw sau

24 N

365. Scb Z Ys {Z ngggfs (t) I:)D,s (t) o Z Z Ci (t)'PGi,s (t)
s=1

t=1i=1

M N-1
+Z|:Z( Pcrgax max(t)+ m|n mln(t))_i_zumln(t)(_':lmax+ZGSF|i.PDi(t)} (**)

t=1[i=1 i=1

N-1 -1
+Z u" > (t) (—F,max — > GSF_;.Py, (t)J + x(t)z PDi(t):l
i=1 i=1

2

ZZ( ~RU,EM™(t) +RD, E_,m'“(t))} > CPRR

: :1

w
=2
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PHU LUC — Bai toan MILP

< Sau khi tuyén tinh hoa cac rang budc phi tuyén cta bai toan MPEC bang ly thuyét
ddi ngau manh va hé sb big-M ta thu dwoc bai toan téi wu MILP

% Bai toan quy hoach tuyén tinh nguyén thwc hén hop (Mixed Interger Linearing
Programming- MILP)

PV NESS

HMT: mln{ Z uWTICWT +Z uPVICPV + Z uESsICESS
s=1 t=1i=1 t=1| i=1 I=1 i=1

N® 24 N Mo N-1
+363.5- s {ZZC (t)Pg(t) - Z[Z( PEH (1) + PG r";"(t))+2uﬂ‘s'“(t)[—ﬁma* + ZGSﬁ_i-PDi,s(w]

N-1 N-1 23 N
+z e (t)[ -2 GSFl_i.PDi,s(t)] (DY PDi,S(t)} -2 Y (RUEE () +RD, g,ms'"(t))}
i i=1

t=1i=1

ESS
; z ey +zu;’chy ; z uESSCESS}

Rang budc:

* Rang budc clia bai todn toi wu I&p trén vai rang budc ddm bdo lgi nhudn da duoc tuyén
tinh héa (**)
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PHU LUC — Bai toan MILP

° 211 Peis(t) = Z?I:lPDi,s(t) Vs
M
. ci(t)=ls(t)+zlal GSFy—i. (U™ (®) — w3 (1)) + (0 (0) — () ) + (M (1) — EW"()) Ve=1;vis
() = A+ ) GSF (WO = pE()) + (o[ - o3 (0))
+ (E0 — g + g (e - 1) — FEN (- 1)), Vt=2,...,23;Vis

. ci(t)=As(t)+zl_1GSFl-i-(u1,“§i“(t)—uféax(t)) (wminee) — ™))+ (gmince— max(t—1)).
) Vt = 24;Vi,s

« 0< " (D) < MPILVRE(D); Vits

0 < F"®* + YN GSFy_;. (PGIS(t) Pms(t)) + GSF|_pgr- (PGDERs(t) PnLp s(t)) < Mjpin, ( Hlfg(t)):
vt=1,...,24;V]s

© 0= O S MR v (O); YL ts

. 0 < FM* — yNLGSF;. (PGi,s(t) — PDi,s(t)) — GSF|_pEgr- (PGDER,s(t) - PNLD,s(t)) < M@~ ( ?1asx(t))
| Vt=1,..,24;V],s
« 0< o) <MINVIN(D), Vt=1...24Vis

* 0 Pgs(®) — PEM < MBI (1 vinin (t)) 24V,
* 0 <o) S Mg vgis), ve=1, 24,V1,s

« 0 < PH*—Pgis(H) < MEAX, ( {f)‘?’s‘(t)) , Vt=1,...,24;Vi,s
o osguNy < M“rllrl vgr‘l‘;‘(t), vt=1,...,23;Vi,s
e 0 <Pgs(t+1)—Pgis(t) —RD; < Mgmn —viie()), ve=1,...,23;Vis




[ Bich kHoa |

PHU LUC — Bai toan MILP

c 0D < Mmax g“f‘sx(t) vt=1,...,23;Vis
« 0 <RU;—Pgg(t+1) + Pgs(t) < MmaX.( vg“fg‘(t)) 23V,

Trong dé :
Mpin, Mmax, Mmin, Mmax, Mmin, mmax: |3 cac hang s6 du lon.

VI (), VIR (6), IR (), vIRZE (1), viiE (1), iR (t): La cdc bién nhj phan
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PHU LUC — IEEE 24bus

td may

V4

?

ua cacC

ong suat phat c

~n

Gia chao ($/MWAh) c

23
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

22
0

16 18
18 6

15
27
27

13
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

o~
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18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
13.8
9

(o]

27

o~

27

(o))

27

o~

27

(o)

27

(o]

27

(o]

27
27
27
27
27
27
27

o~

o~

o~

o~

(o]

o~

o~

27

(o]

27

(o))

27

o~

27

o~

27

(o)

27

[y

27

(o]

27

o~

g Q- R - - S - (e (e e A (e A S e S (|

10

23 27 18

20

2

(]
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[ Bich kHoa |

PHU LUC — IEEE 24bus

Dac tinh ky thuat caa may phat dién

1 o 152 152 152 15 14
2 o 152 152 152 15 14
7 o 350 350 350 10 9
D E 591 591 591 8 7
15 60 215 215 215 7 5
16 o 155 155 155 16 14
18 o 400 400 400 0 0
21 o 400 400 400 0 0
22 300 300 300 300 0 0
23 o 660 660 660 17 16
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PHU LUC — IEEE 24bus

(=] [=]

N

»

VIR|IN|N|o |

[ 1 ]
| 3
| 8 |

oo~ UIW

D lieu nhanh

0.0146
0.2253
0.0907
0.1356
0.2050
0.1271
0.0840
0.1110
0.0940
0.0642
0.0652
0.1762
0.1762
0.0840
0.0840
0.0840
0.0840
0.0488
0.0426
0.0488
0.0985
0.0884
0.0594
0.0172
0.0249
0.0529
0.0263
0.0234
0.0143
0.1069
0.0132
0.0203
0.0112
0.0692

0.0030
0.0546
0.0220
0.0330
0.0500
0.0310
0.0020
0.0270
0.0230
0.0139
0.0159
0.0420
0.0430
0.0020
0.0020
0.0020
0.0020
0.0060
0.0050
0.0060
0.0120
0.0110
0.0050
0.0020
0.0030
0.0070
0.0030
0.0030
0.0020
0.0140
0.0015
0.0025
0.0015
0.0090

122.5
1225
245
122.5
122.5
1225
280
122.5
245
122.5
245
1225
122.5
280
280
280
280
350
350
350
350
350
350
350
700
350
350
350
350
350
700
700
700
350
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2. XAY D'NG MO HINH TRAO LU'U CONG SUAT TOI WU TUYEN TiNH
NHIEU GIAI DOAN CO XET TCSC VA TON THAT

@ Tuyén tinh hoa luoi dien co TCSC

TCR
— Y

Pk
i
c

CAu tao cla TCSC

< Trong ché dd xac 1ap: TCSC dwoc md hinh Ia dién khang bién dbi

XX,
TCSC X - Xc
< Mot s0 (rng dung clia TCSC: ’
Nang cao gi&i han truyén tai va on dinh dién ap

@)

o Nang cao 6n dinh déng

o Gidm dao déng cdng suét
O
@)

X

Tbi wu hoéa phan bd céng suat
Giam nghén mach trong thi tredng dién
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TOI WU VA CHIEN THUAT PHAN CHIA CONG SUAT
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Vi Ba Dat
Giao vién hwéng dan: TS. Nguyén Thi Hoai Thu

Vién Pién — Dai Hoc Bach Khoa Ha Noi
Ha No6i, thang 5 nam 2018



NOI DUNG

l Pét van dé
L’—.<’

, , M6 hinh hé théng
‘“ Xay dwng bai toan
|
IV Phwong phap giai

v i Két luén chung



. Datvan dé

0 Nang lwvong tai tao dang ngay
cang phat trién véi nhiéu wu
diém :

< Ngubn nang lwong sach,
khdng gady 6 nhiém moi
trrong.

< C6 tiém nang Ion, duoc

xem la cac ngubn nang

lwong vo tan...




. P&t van dé

Q Nhuwoc diém:
< Khéng 6n dinh, phu thudc nhiéu vao thoi tiét
% Chi phi dau tw, san xuéat con cao
< Han ché vé ky thuat, lwdi dién hién hanh

Q Pé sir dung nang lwong tai tao hiéu qua

> S dung hé thdng lwu tri nang lwong
‘ Giai phap 5 Tinh toan t6i wu dung lwong cac thiét bi

> Tinh toan tbi wu chi phi dau tw hé thong.




. P&t van dé

A Cac nghién ctru ve quan ly t6i wu ndng lwong cho hé thdng
PV/WIND/BAT két ndi v&i lwdi trede day:

< Tinh toan tdi wu van hanh t6i da hda kha nang tw tiéu thu,
tudi tho clia Pin str dung phwong phap quy hoach déng

< Tinh toan tdi wu chi phi van hanh cho hé thong PV két hop
v&i hé thdng lwu trir bang phwong phap quy hoach déng

3 Vé&i muc dich t6i da hoa lgi ich kinh té cho chd s& hiru hé thdng

y e )
Tinh toan phan chia céng suat t6i wu cho hé thdong
Bai toan PV/WIND/BAT c6 két ndi véi lwdi bang phwong
. phap PSO )




II. Md hinh hé thdng

1. Hé théng pin mat troi (PV) b\
2. H& théng dién gio (Wind) T e

3. Hé thdng Iwu trir ndng

)

] 'L' "‘
M |
’ 4

HLu‘di dién

lwong (Batterry) -~
4. Phu tai dién L = j
5. Luwdi dién %
6. Cac thiét khac: b bién 3
) H Pin ‘/\I\Phuté
_l dién

abi, thiét bj do dém, thiét QI

bi bao vé...



1. Hé thdng pin mét troi (PV)

O Céng thirc tinh céng suat 1 tAm

. Cy s Chu thich
Pin mat troi
Ppy, (W) Céng sudt ciia pin mdt troi
PPV (t) P..(W) Céng sudt dinh mikc ciia tam pin mdt troi
P, (%) Phi dau tw mét tam pin mdt troi

R
ref

C,ainpy ($/nam)  Chi phi bdo tri hang nim

NOCT — 20 pavm o ewmaeot
TC — Tair + X R R, (W/m?) Bure x,q mat tl"O”l sinh ra cong sudt max
80 Nr() H¢ 56 cong suat nhiét
T.(CC) Nhiét do té bao quang dién
T,,(C) Nhiét dg tiéu chudn
7,00 Nhiét do khong khi
NOCT Nhiét dé hoat dong tiéu chudn cia pin quang

diéen

Rref N T o NOCT P. P, Corwinpy | Tubi tho
1 0,00485 | 25°C 48°C 0,26kW | 312S 205 20 nam




2. Hé théng dién gio (Wind)

O Céng suat turbine

gid

-

tuabin gié cé thé

tuabin gié cé thé

0 V() <Vy _ ,
3 a= 3 P, (W) Cong suat cua turbin gio
a.(V(t)y =b.F, Vi <V(©®)<V, Vi o , ,
Pwt (If ) =9 < P, (W) Cong sudt dinh murc cua tuabin gio
PR VR <V(t)<VUP . . s .
b= 3 V:(m/s) Van toc gio nho nhat dé tuabin gio co thé
\O V(t ) > VUP V phat cong suat
) V.(m/s)  Vin téc gi6 I6n nhit dé
o N o , N phat cong suat
Pac tinh cong suat' !ohat theo van toc v (m/s) Vén téc gié lon nhdt dé
g10 phat cong sudt dinh mirc
12 T,(%) Chi phi lap dat
! Crrain-wt Chi phi bdo tri hang nam
Z o8 ($/ndm)
g 0.6
204
8
0.2
0
0 5 10 15 20
Van téc gié (m/s)
P, V; \'A Vv, T, Conain-WT Tudi tho
1kW 3m/s 20m/s 9m/s $1443 100$/nam 20 nam




3. Hé théng pin lwu triv (battery) va bé chuyén dbi (converter)

O Pin lwu triy

pBA.xa(t — 1)) % At

EBA(t) = EBA(t — 1) X (1 - 0-) + <pBA.Sac(t - 1) X Nsac X Ninv —
Nxa X Ninv

Chu thich

E BA Cébng suat cua pin lwu triy Niny Hiéu suat cua inverter

PB A sac Céng suét sac cua pin lwu triy Nsac Hiéu suat sac cua pin Iwu triv

Psaya Céng suét xa cua pin luvu triv N,, Hiéusuétxa cia pinluu triv
Spatt Hiéu suat chu trinh nap x4 P DOD o bién ap Tubi tho
2.1kWh 95% $170 0.8 0.0002 12V 5 nam

d Bd chuyén dbi

Cong suat Niny Dién ap Chi phi Tubi tho

2kW 95% 24V §751.24 10 nam




Ill. Xay dwng bai toan

O Xuét phét ter van dé nédng cao hiéu qua st dung NLTT
da hinh thanh 2 bai toan:

<% Bai toan 1: Tinh toan dung lwong tdi wu cho hé thdng
PV/wind/battery

< Bai toan 2: Chién thuat phan chia céng suat cho hé

thong PV/wind/battery c6 san.



QBai toan 1: Tinh toan dung lwong toi wu cho hé thong

PV/wind/battery

< Ham muc tiéu: Chi phi tinh toan C,. hang nam bé nhat

Crac = Cacc + Capc + Copp —> min

Trong doé

CACC =CRF 'CNPC
Cavc = Cuain_pv X Npy + Crain_wr X Nyyp

C.cp =AE.C

CRE — i.(1 +n/)
(1+i) —1
1
Cp = R‘b'zm'Ntb
C.cr =AE.C

CA cC
CAMC
CAEP

Chpc
CRF

Chu thich
Chi phi déu tw trén teeng ndm
Chi phi béo tri hdng ndm
Chi phi mua dién tcr Iudi
Chi phi dau tw thiét bi suét dw &n
Hé sé thu hoi von

S6 lwong  thiét bj (turbin gio, pin mét
troi, pin lwu trik, b chuyén doi)

Gia tién 1 thiét bj (turbin gi6, pin mét
troi, pin lwu trik, b6 chuyén doi)

Chi phi bao tri

L&i suét hdng n

S6 ndm dau tw dw &n

Gia tién 1 thiét bj (turbin gio, pin mat
troi, pin lwu trik, b chuyén doi)




QBai toan 1: Tinh toan dung lwong toi wu cho hé thong

PV/wind/battery

/

% Rang bubc: Do phu thudc (DPT) cua hé thc“')ng vao luwoi

DPT cua hé théng dwoc dinh nghia la ti sé gitra lwong dién can

phai mua tir lwdi dién dé& cung cap cho phu tai so véi lwgng dién

nang tai tiéu thu trong 1 nam

8760
2oy LDM(t)

8760
Z t=1 Pload(t)- At

DPT = < DPT,,

Trong do: - LDM(t) la Iwong dién nang nhan tw
Iwdi trong gio thor t
- P4t la cong suat cda phu tai tai
thoi diém t.
- DPT, la rang buéc vé DPT ctia mé
hinh.

( Bt dau )

A 4

PPVI PWt ’ Pload

t=1
SLDM =0

t=t+1

Y

Y

AE<O LDM(t)

Dung

LDM(t)=0

Sai
t > 8760

bung

2LDM
DPT




Bai toan 2: Chién thuat phan chia cdng xuat cho hé thong
PV/wind/battery co san

< Gia thiét: D liéu dau vao bai toan
« Théng s6 vé nhiét do, thoi tiét,.... ctia ngay.
» D bao phu tai trong mét ngay.
« Gia ban dién va mua dién cua trng gi& trong ngay.
« Codng suét ban dién gi¢i han cho lwoi dién.

% Yéu cau cla bai toan:

« Pam bdo cung cip dién cho phu tai.

« Phan bd céng suat nap/xa cla Pin va cong suat trao dbi voi lwdi dé
thu duwoc loi nhuan I&n nhat .
« Dam bao cac yéu cau vé ky thuat




Bai toan 2: Chién thuat phan chia cdng xuat cho hé thong
PV/wind/battery co san

< So do khoi giai bai toan:

Di bao thi::i tist Cong sult NLTT Giai ba toan toi Két qua
frong ngay ¥
Di bdo & thi phu
tai, giaban dén
trong ngay




Bai toan 2: Chién thuat phan chia cdng xuat cho hé thong
PV/wind/battery co san

< Ham muc tiéu: Doanh thu mua/ban dién trong mét ngay Ién nhat

24 24

Max :F = > C(i) = D P (i)(Cpan-a +Cpa-(1-2))
i=1 i=1

P,..>0: a=1

P,x<0: a=0

Pgrid (i) = [va(i)- N2 + Pyina(i)-N1 + Ppar (1) 772]- M1 — Pioad (l)

P (i): Cong suét trao doi voi lwdi ( P,,>0, ban dién)
n,: Hé sé higu suét bo chuyén déi DC/AC
n,: Hé sé higu suét bo chuyén déi DC/DC




Bai toan 2: Chién thuat phan chia cdng xuat cho hé thong
PV/wind/battery co san
< Rang budc

> Can bang coéng suét trong hé théng:

(va(i)-nz + PWind(i)- m+ Pbat(i)'nz ) I = Pgrld( )'l' I:>|oad( ) (1)
Epaimax 2 Epat (1)2 Epatmin (2)
> Gi¢i han cong suat ban dién cho ludi:
Paria(l) < Pyrigmax (3)
> Khi Pyial) < Pyigmax Eoat(1) = Evatmax , can bang cong suét trong
hé théng:
(va(i)-nz + PWind(i)- m+ Pbat(i)-nz)-m - Pgnd( )"' P|oad( ) (l) (4)

Trong do: As(i) 13 céng suat khéng str dung dén clia hé théng




IV. Phwong phap giai

Cé nhiéu phuong phdp dé gidi mot bai todn t6i wu. CS thé la nhirng phuong
phdap tdi wu truyén théng nhu quy hoach ddng, quy hoach tuyén tinh nguyén thuc
hon hop (MILP).... Mot s& phuong phap heuristic nhw: thuat toan di truyén (Genetic
algorithm (GA)), thuat toan toi wu bay dan (Particle Swarm Optimization (PSO)),
thuat toan dan kién (Ant colony algorithm (ACO)) [8][9]....

Tuy nhién trong dé tai nghién ctru nay, vi mét s6 phuong trinh va rang budc phi
tuyén nén phuong phép heuristic s& duoc chon dé gidi bai todn. Trong cidc phuwong
phap heuristic PSO va GA dang |a hai phwong phdp duoc lwa chon hang dau va phé
bién nhat. PSO ¢6 wu diém la cé nang suat tim kiém tét hon va tdc do tim kiém t6t
hon so v&i GA [13][14][15][4][16]. Do d9, phuong phap PSO duwgc chon la phuong

phap giai bai toan t6i wu trong bai bao cdo.




d Thuat toan PSO :
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d Thuat toan PSO :

< So dé thuat toan
PSO:

F(X)>  min(max)

Buérc 1: khdi tao Xi, i=1,n

Buéc 2: tinh ham muc tiéu F

Buwa&c 3: chon gia tri tot nhat ctia bién (Pbest)
Bwdc 4: chon vi tri cé gia tri tét nhat (Gbest)
Bwéc 5: cap nhat van tbc maoi

Buwd&c 6: cap nhat vi tri moi

Bwdc 7: kiém tra tiéu chudn hoi tu, néu khong

quay vé buéc 2, néu cé dwa ra két qua

Kh&i t:;o:
*  Kich thwoc quan thé N
* Hé sb giatdoc c1,c2

A 4

Kh&i tao cac ca thé véi vi tri va van téc ngau nhién

pd
~
\ 4

Tinh ham muc tiéu

v

Tinh pbest va gbest

v

Cap nhat vj tri, van tbc, pbest va gbest clia cac ca thé

Tiéu chan

hoi ty sai




d Thuat toan PSO :
- PSO tiéu chuan

Van téc va vi tri cia moi ca thé:

k+1 — sk k k
Vi = v+ ol (Ppest — Xi) + €22 (Tpest — i) Trong d6
ry, ry  sb ngéu nhién gitra 0 va 1

P;(t) Cs, C2 céc hé sb gia toc (1,5-2,5)

XK Vitri ca thé thiv i tai thé hé thir k
Xi(t+1) VK Van tde cé thé i tai thé hé thir k
XK i tri c4 thé thir i tai thé hé k +1

VK" van téc ca thé i tai thé hé k + 1

X.(t " .
i G (t)- X (t) Presi Vi tri tét nhét ciia cé thé thiy i

Gi(t)

Vi tri tot nhat cta cé thé trong
quan thé

v;(t)




d Thuat toan PSO :
- PSO c&i tién

0/

< Hé sb quéan tinh (w) bién thién

W =w

max'(Wmax -Wp )-(i/maXi)

in

K+1 — K K K
Vi =W v+ Cqr (Ppesti — %) T+ Co-Fo-(Tpest — Xi)
% Gidi han van téc

V__=(UB - LB)ii

Trong do:
Wiax Wmin  Gidi han hé sb quan tinh w
i Sé lan It
maxi Sé Ian I3p téi da

UB,LB Gi6i han trén va duéi cua gié tri bién
Vinax Van téc téi da




Bai toan 1:

Tinh toén dung lweng toi wu
cho hé thong PV/wind/battery




O Giai bai toan 1: Tinh toan téi wu dung lwong

- D liéu dau vao
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D{t liéu blrc xa mat troi, nhiét do
va van toc gié theo gio trong mot
nam.

Blrc xa mat troi (W/m?)

0 1000 2000 3000 4000 5000 6000 7000 8000
Thoi gian (h)




O Giai bai toan 1: Tinh toan téi wu dung lwong
- D liéu dau vao

D@ liéu phu tai gdm 12 mau tai ngay dién hinh trong tirng thang

D6 thi phu tai ndm

Céng suat tai (kW)

0 1000 2000 3000 4000 5000 6000 7000 8000
Thoi gian (h)




O Giai bai toan 1: Tinh toan téi wu dung lwong

- So’ d6 thuat toan

j=j+1

cl=c2=2

w = (0,4-0,9)

Tao quan thé N = 100c4 thé

dl

le——

Tinh ham muc tiéu F;

bing

DPT, >DPT,

Sai

(3)

Xac dinh Pbest,
Gbest (3)

(1)

AFgbesyis 59 < 10
Fi=F+c /
( c>>F)
Ll
A
i=i+1

Cap nhat vi tri m&i

()




O Giai bai toan 1: Tinh toan téi wu dung lwong

- Két qua tinh toan téi wu

140000

120000

100000

80000

60000
39308.04

40000

20000

Chi phi tinh todn hang nam ()

|

|
0 I

40 60 80 100
Gidi han DPT (%)

Pé thi phu thubc gitra chi phi dau tw véi giéi han DPT

Khi yéu cau do phu thuéc DPT cua hé théng l&n hon 39,5% thi chi phi hang nam nhé nhét khéng
ddi. Tlrc 1a md hinh hé théng tét nhat 1a khi dau tw véi 60,5% dién ndng cung cap cho phu tai tlr ndng
lwong tai tao, 39,5% lwong dién nang thiéu sé dwoc mua ti lwdi. Chi phi tinh toan héng nam la
39308,04%

Gioi han DTP cang cao, chi phi tinh toan hang ndm cang I&n. Va khi DPT = 0, nghia 1a hé thdng
RE/Battery lam viéc & ché dd tach ddo va dam bao cung cép dién cho tai 100% thi chi phi tinh toan
hang ndm nhd nhéat sé la 125649,7$
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O Giai bai toan 1: Tinh toan téi wu dung lwong

- Két qua tinh toan téi wu

Két qua tinh toan téi wu

DPT (%) PV WT BATT CONV DPT,, (%) F
0 99 11 164 9.485949 0 125649.7
1 48 18 82 9.41817 1 97660.82
2 17 21 65 9.183458 2 85086.27
3 2 22 51 9.18807 3 76828.82
4 0 21 40 9.021367 4 71023.48
5 0 19 39 8.902264 5 66053.29
39 0 7 1 6.649998 39 39352.17
40 0 6 1 5.7 39.5336 39308.04
41 0 6 1 5.7 39.5336 39308.04
42 0 6 1 5.7 39.5336 39308.04




O Giai bai toan 1: Tinh toan téi wu dung lwong

- Két qua tinh toan v&i ttvng md hinh

100000 %

Chi phi tinh todn hdng nam (S)

50000

Gidi han DPT (%)

------- PV/WT/BATT

PV/BATT = - - WT/BATT
Dé thi phu thudc gidra chi phi déu tw va gii han DPT

T két qua tinh toan ta nhan thay, véi mé hinh PV/BATT, dé dat dwoc diéu kién vé dd phu thudc
ta can chi phi dau tw I&n hon so véi mé hinh chi gém WT/BAT. Diéu nay ta cé thé giai thich la do suét
dau tw cho mét don vi nang lwegng mat tréi cao hon so véi nang lwegng gio.

O nhirng rang budc DPT thap, két qua tbi wu khi c6 sw xuat hién ctia cad PV va BATT, cho gia tri
ham muc tiéu thap hon.




O Giai bai toan 1: Tinh toan téi wu dung lwong
- Két qua phan tich do nhay

124500 140000
& 114500 & 120000
€ e
'S 104500 ’® 100000
2 94500 2
5 G 80000
e =
= 84500 =
= = 60000
<@ 74500 @
2 2 40000
£ 64500 £
= £ 20000
5 54500 5
44500 0
0 5 10 15 0 20 40 60 80 100
DPT (%) DPT (%)
Cpv=312$ Cpv=156$ c=0.0455/kWh == c=0.095/kWh == c=0.18/kWh$
Sw thay déi két qua tinh toéan khi gidm gia PV Két qua téi wu khi thay déi gié mua dién

Chi phi dau tw PV gidm, két qua téi wu cla bai toan wu tién dau tw PV hon dan dén gia tri chi phi tinh
toan hang nam giam

Khi gia mua dién tor lwéi thay dbi thi chi phi dau tw hang ndm cta phuong an téi wu twong &ng voi
DPT nhd it cé sw thay dbi trong khi véi DPT Ié&n thi thay dbi nhiéu.




O Giai bai toan 1: Tinh toan téi wu dung lwong

- Két qua tinh toan vé&i Homer
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Két qua tinh toén t6i wu khi khéng rang buéc DPT

Khi DPT tir 1-5%, ta thay két qua toi wu chi dwa ra mé hinh WT/BATT. Két qua cling kha twong dong
khi ta chay t6i wu khi sir dung mé hinh WT/BATT. Chi phi tinh toan ta nhan thay cao hon so véi ket qua

ctia md hinh gém PV/WT/BATT.

~ Tanhan thay, két qua tinh toan toi wu khi thuc hién bang phan mém Homer cling ra triing voi két qua
t6i wu nhom nghién cru thye hién. Twong wng véoi 6 WT, 1 BATT va céng suat bé chuyén doi la 5,66kW.

Chi phi tinh toan hang nam CTAC= 39322%.




Bai toan 2:

Chién thuat phan chia cong
xuat cho hé thong
PV/wind/battery c6 san




Q Giai bai toan 2: Tinh toan phan chia céng suat

- D liéu dau vao
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Q Giai bai toan 2: Tinh toan phan chia céng suat

- D liéu dau vao

Bai toan thyrc hién vadi hai kich ban gia:

== =314 ban Gia mua

20 = = = (ia ban Gia mua

15
<=
E 10 . ------ -
= e ==
Rl ' : -]

0

0 4 § 12 16 20 24
t(h) i(h)
Gia mua ban dién thay doi khung gio Gia mua ban dién tirng gi® khac nhau




Q Giai bai toan 2: Tinh toan phan chia céng suat

- So d6 thuat toan: A

Tao quin hé N=100

e, w=(040.9)
z A R A Y R L
Buwoc 1: Tao quan thé gom 100 ca thé -l

cac xap xi dau P,_ij,

1 =1+24,]=1+100 . F(Pparjk) =ZCijk

i=1

Buéc 2: Tinh ham muc tiéu

Buoc 3: Xac dinh Pk, G kK

Budc 4: Kiém tra diéu kién dirng

" F(Gpegh*1) - F(Xi(k+1) < £
&= 10"-20

= SO buwéc lap toi da: k = 3000

Dinglai e

Capnhdt g1 o Pk




L |

Cip st gié i P, i
1  Giai bai toan 2: Tinh toan

phan chia cong suat .
- So’ d6 thuat toan: !

Buwdc 5: Cap nhap vi tri va ing

B il DB man £ Bk AtSMinE iil-LHE, min P e < By - Bd)

van tbc moi & budc 1ap thr

+
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. . Pk 4 =Mn[E. dj(k-1)}E. min P, max + P~ Pud];
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kién rang budc.

o (1= E (k1) 1-0)- Puijles

Bwde 7: Tinh ham muc tiéu
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Buéc 8: Quay lai bwédc 3
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Q Giai bai toan 2: Tinh toan phan chia céng suat
- Két qua tinh toan ti wu (Gia 1)
% Kich ban 1: Pgridmax = 0 kW

MILP ===PSO
‘11 1 1 1 | PSO: F = -37.666 (¢)
1 | Piva = 13.220 (kW)
z |
i) L
; MILP: F = -37.666 (¢)
0 4 8 12 16 20 24 Pthea = 13.220 (kW)
Trao doi cong suat véi ludi dién )

%

* Nhan xet: - Trong trwong hop hé thdng khong dwoc phep ban dién cho
lw@i, chi phi tdi thiéu mua dién dé cung cap cho hé thdng 1a 37.666 (¢)
- Lwong coéng suat mua roi vao khoang thoi gian tv 22h-24h
khi cdng suét chénh I&ch gitra tai va nguén NLTT I&n nhét va gia mua dién
nhé nhat.




d

Gidi bai toan 2: Tinh toan phan chia céng suat

- Két qua tinh toan tbi wu

% Kich ban 1: Pgridmax = 0 kW

PSO = = = Pbat Ebat MILP == =Pbat Ebat
6 6
4 4
=
2 ] Z 2 |
- T T ! - ol FPo=,,
O :- --' .-'--------' : [ m O L l-. ‘----' .-‘ ‘ [ [ -
.--. bq-r1-
2 -2
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Cong suat trao doi va murc nang t(h) Cong suét trao di va mrc ndng t(h)
luong trong Pin lwong trong Pin

< Nhan xét: Hé thdng Pin Iy trir €6 xu hwong tich trlr nang lwong
trong cac gio thwra cong suat dé cung cap cho tai trong cac gi® thiéu
cong suat tr nguon NLTT.




Q Giai bai toan 2: Tinh toan phan chia céng suat

- Két qua tinh toan téi wu
% Kich ban 2: Pgridmax = 1 kW

MILP ===PSO
5 PSO: F =60.587 (¢)
ol e Pthtra = 0 (kW)
FEl=iE ==
: —
& -1 :
B | MILP: F =60.587 (¢)
3 Pthtra = 0 (kW)
0 4 8 12 16 20 24
Cong suat trao d6i véi ludi t(h)

s Nhan xét: - Lgi nhuan thu dwgc tlr viéc mua/ban dién voi lwdi la 60.587 (¢)

- Phan bb cdng suét trao dbi véi ludi trong tirng gi®» khac nhau
do trong cac khung gi® c6 gia mua/ban dién gibng nhau sé cho nhiéu phwong
an co cung két qua sao cho tbng cdng suét trao dbi trong cac khung gi® bang
nhau.




Q Giai bai toan 2: Tinh toan phan chia céng suat
- Két qua tinh toan téi wu
% Kich ban 2: Pgridmax = 1 kW

PSO - ——Pbat —— Ebat MILP —-—Pbat —— Eba
6 6
4
= A4
Z2 L =2
= 0! o P )
LTJ O L . .- - ---'-‘ -ﬁq- E bt . .- .- - - .--‘-
‘-l.--'- L L 0 ) |--0-J-. '-'-‘-bJ- t=" = “1
2 -2 =
0 4 8 12 16 20 24 0 4 8 12 16 20 24
n 4 R 8o o t(h n 4 Re o x oo
Cong suat trao do61 va mirc nang (h) Cong suat trao d61 va mirc nang t(h)
luong trong Pin luong trong Pin

< Nhan xét: Do gia mua ban dién thap hon gid mua nén hé thdng
Pin Iwu trir c6 xu hwéng tich trir ndng lwong chi yéu dé cung cap
cho tai trong nhirng khodng thdi gian cong suat nguon NLTT thap
hon céng suat tai yéu cau.




Q Giai bai toan 2: Tinh toan phan chia céng suat
- Két qua tinh toan téi wu

% Kich ban 3: Pgridmax = 2 kW

MILP = ==PSO PSO: F =67.454 (¢)

3 Pthira = 0 (kW)
2 R e ol Bt

1 : !__: i |

5/0 ...... .: =4 '- ————————————— :

= | | |MILP: F=67.454 (¢)
2 - Pthira = 0 (kW)
3

0 4 8 12 16 20 24

Trao d61 cong suat véi ludi dién (h)

X/

« Khi tang gi6i han cong §uét ban dién cho lwdi gia tri ham muc tiéu tang
|én, diéu do cho thay két qua bai toan phu thudc gi¢i han céng suat ban
cho lvoi




Q Giai bai toan 2: Tinh toan phan chia céng suat
- Két qua tinh toan téi wu
% Kich ban 3: Pgridmax = 2 kW

PSO e MILP —
6 6
=4 = !
E/ 2 m '-: é 2 L =1
e =y A Sl ) toe ey Fleady _meammm]
TV g, =9 | =12 0= | pal
b d -' [ ™ be
2 -2
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Cong suat trao d6i va mirc nang t(h) Cong suat trao doi va mure nang  y(h)
luong trong Pin lugng trong Pin

< Trong trwdng hop giéi han cong suat ban dién tang Ién, hé thong
Pin lwu trir xa nang lgng nhiéu hon trong khoang thoi gian gia
ban dién cao nhat (8h-13h)




Q Giai bai toan 2: Tinh toan phan chia céng suat

- Két qua tinh toan téi wu (Gia 2)

Pgridmax =0 kW | _yrp ===pso

0
. L_
2

-3

P(kW)

0 4 8 12 16 20 24

Trao doi cong suat vot luot dién  t(h)

- Phan b céng suét trao dbi voi ludi
trong hai phwong phap khi gia mua
ban dién khac nhau la gibng nhau
==) Két qua nhan dwgc chinh xac

P(kW)

P(kW)

Pgridmax = 1 kW

MILP ==<=PSO

2
|
2 T
|
|
4 =
-6
0 4 8 12 16 20 24
Trao d61 cong suat voi ludi dién  t(h)
Pgridmax = 2 kW
gridma MILP ===PSO
4
2 s = == -q
; LF
-4 -d
-6
0 4 8 12 16 20 24

Trao ddi cong suat véi ludi dién )




KET LUAN

Nghién ctru nay da giai quyét nhitng van dé cua viéc tinh toan dau tu cho mét
hé théng hon hop cac nguén nang lugng tai tao va bai toan van hanh tdi wu cho hé
théng khi két ndi véi ludi.

Viéc tinh toan st dung phuong phap PSO cai tién ctia nhom nghién ctru cho
thiy no dem lai két qua t6t hon so voi PSO tiéu chuan vi gitp cai thién két qua
cling nhu tc do tinh toan.

Két qua cta 2 bai toan twong d6i chinh xac khi so sanh voi cac phuwong phap
khac. Piéu d6 ching té rang phuong phap PSO cai tién mang lai két qua dang tin
cdy. Mit khac 2 van dé trong thiét ké dung lwong va van hanh hé thong RE/battery
c6 ndi ludi cling duge giai quyét. Cac két qua cling nhu phwong phép tinh toan co
thé 4p dyung trong thyc té dé nang cao hiéu qua cia cac du an RE va day manh su
phat trién ctia RE trong hé thong dién.




Cac hwong nghién cuiru

« Bai toan chi dirng lai & viéc nghién ctru hiéu suét cac bd chuyén dbi &
dang tuyén tinh, chwa xét dén tinh phi tuyén cda hiéu suat cac bd
chuyén dbi.

« Chua xét t&i sy thay dbi cla phu tai va cong suat phat hé thdng hé
théng PV/WIND do dé can két hop véi dw bao phu tai va thoi tiét trong
gio.

« Trong cac trwdng hop hé thdéng bi gidi han cdng suéat ban cho lwdi nhd
ho&c khéng dwoc phép ban dién cho lwdi dan téi méot lwong coéng suat
thira khéng dwoc st dung téi, do vay can dwa ra cac gidi phap bd xung

dé sr dung lwong cong suét nay.

e ——
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Cam on moi ngwdi da lang nghe




Nang cao do tin cay
lwdi dién phan phoi
st dung cau dao
phan doan dién tu

GIAO VIEN HUONG DAN: TS.TRAN MANH HUNG
SINH VIEN THUC HIEN: TRAN MANH TR
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NOi dung chinh

1. Dat van dé

2. Xay dwng bai toan

3. Ap dung vao Iwdi dién cu thé

4. Két luan




v A A
1. bat van dé
*SAIDI (System Average Interruption Duration Index): Thoi gian méat dién

trung binh cta hé théng (phut/khach hang; h/khach hang)
Ser

SAIDI = =
C

*SAIFI (System Average Interruption Frequency Index): s6 lan mat dién
trung binh cta hé théng (lan trén khach hang)

n

Se

SAIFI = =,
C




1. Bat van dé

*MAIFI (Momentary Average Interruption Frequency Index): sO lan mat
dién thoang qua trung binh cta hé thong (lan trén khach hang)

2.C

MAIFI =L
C

*ENS (Energy Not Supplied): Dién nang bi mat (kwh, MWh)
ENS=iPi.Ti

Trong d6: C: téng s6 khach hang cda hé théng;
C.: SO khach hang mat dién & sy co vinh clru thir i;
C.5: SO khach hang mat dién & sy c6 thoang qua thi k.
P.: lwgng phut tai bj anh hudng & lan sy c6 thr i (kW, MW)
T.: thoi gian mat dién & [an sy c6 thir i (trén 57) (phut, gio)



1. Bat van dé

Chi s& SAIDI ctia Hé théng dién Viét Nam (phat/khach hang)
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1. Bat van dé

[ MAT DIEN J

[ KE HOACH J [ sy co J

Thoi gian Thoi gian
tim kiém stra chita

Thoi gian
X ly




“

Cac bién phap dang
duoc nghién ctru

C4 I

“
, . L i Dua vao thiét bi
St dung tin hiéu tan Dwa vao tong tro su A e s '
» nhan biét dong sv
sO cao »
co
| | |



1. Dat van dé

*Cé kha ning ty dong ngit mach,
giup dinh vi sy c6 va thu hep pham
vi bi anh huwdng do su ¢6;

*Co thé thay d6i s6 lan dém;

Dé dang lap dat thay thé cau chi ty
roi;




1. Dat van dé

Recloser

Dong dién hiéu
dung

Trang thai recloser

Céu dao phén doan I
| Y \\ W
Léan 1 Lan?2 Lin 3 Ciu dao mé




2. Xay dung bai toan

r

Xac dinh sé lwong thiét bi, vi tri 1ap d&t va so [an

dém dé dat dwoc chi tiéu vé dé tin cay
[ . A
2 bai toan
r
V@i s6 luong thiét bi cho trudce, tim vi tri [3p dat va

s6 [an dém dé cai thién t6i da dé tin cay

L




2. Xay dung bai toan

Théng s6 lwdi, s6 lugng thiét
bi can lap

i Xac dinh tru chinh va xay

dung ham muc tiéu va rang
budc

Giai di
thuat truyén

i Xac dinh vi tri va s6 [an dém J

Tinh lai cac chi tiéu do tin
cay (SAIDI, ENS)




2. Xay dung bai toan

 M&i may
bién dplal
khach hang
 Thoi gian »

Gi3 thiat tim kiém va
g it Sira chita s

c6 khong doi 4

Phu tai
khéng doi

Khéng co
du dir lieu




2. Xay dung bai toan

Bién tai moi
nut p trén
- truc chinh

Xp Yo
e “1”: c6 thiét bi * SO 1an dém cua thiét
e “0”: khong cd thiét bj bi




2. Xay dung bai toan
*Ham muc tiéu: [10]

q
minF=> (C;,, +P;,))d, (1)

p=l

*Trong dé:

oq la s6 nat trén truc chinh;

op la th& ty nut trén truc chinh;

od, la khodng céch tlr nat p tdi thiét bi phan doan gan nhat;
oT(p)-vi tri tdc dong gan ngudn nhat khi sy co tai nut p;

oCrp) Va Py 13 lwgng khach hang va phu tai (chuan héa) & nit T(p).



2. Xay dung bai toan

*Ham rang buéc

Zq:xp =SVT+ DL (2)

p=1

0<x, <1 (p=1,....,q) 3)
{x,=1 seda lap 4)

Y, ~ ¥, S0 (P=2,....9) (5)
1<y, <max dem (p=1,....,q) (6)
|y, =max_dem (7)

oSVT: s vi tri dwogc |13p thiét bi;
oDL: s6 thiét bj d3 13p trén lwdi;
oda_lap: tp cac nut d3 co thiét bi trén lwdi dién;

omax_dem: s6 lan cat cda mdy cat dau mach.



2. Xay dung bai toan

*Xac dinh T(p)- )-vi tri tdc ddng gan ngudn nhat khi sy co tai nut p:

.

Sai

T+

T(p) = A(1) ]
;
T(p) ]




2. Xay dung bai toan

-I_
ek




2. Xay dung bai toan

Dy bdo cac chi tiéu vé do tin cay

E
ESAIDI =) f, .tf.zk.%.TR (8)
k=1
E
EENS = f,.t,.z, .P, T, 9)

k=1

=ESAIDI (h) va EENS (kWh): chi s SAIDI va ENS du kién;
*E |3 t6ng s6 phan doan trén truc chinh;

=f; la ti s6 gitra s6 lan sy ¢ vinh clru va tong so sy c6;
=t.la s6 sy c6 trén 1 km truc chinh trén 1 ndm;

"z, la d6 dai phan doan k (km);

=P, va C,: lugng phu tai va khach hang bj mat dién khi sy c6 xay ra trén phan doan thr k; T, 1a
thoi gian stra chira su cé trung binh (h).
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3. A \p dung cho Iudi dién thuc
te

*Cac thong so chinh clia luwdi

=S4 nut: 92;

=Chiéu dai truc chinh: 13,774 km:;

=SO nut trén truc chinh: 20 nut;

=Tong phu tai (tinh theo cong suat dinh mlrc may bién 4p): 26,32 MW;
=Tong s6 khach hang: 52;

=SAIDI: 10,119 h/khach hang; ENS: 266,39 MWh

=Thiét bi phan doan: Mdy cdt 1 & nut s& 1 va mdy cat 2 trén truc chinh cach mdy cat 1 7,185 km.



3. Ap dung cho ludi dién thuc
té

*SE vi tri 13p: 5; lan dém cla may cat dau mach 1a 2.

*Ma3y cat dau mach: q
*Ham muc tiéu: minF = Z(CT(p) +Pr)d,
*Ham rang budc: ' 2;)_1
pr =77

-

0< X, < 1 (p=L,....,20)
{x, =1 Se{l, 14}
Yy, —y,, <0 (p=2...,20)
0<y <2 (p=1,...20)
Y =2
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3. Ap dung cho ludi dién thuc
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3. Ap dung cho ludi dién thuc
te

*Két qua tinh toan

X-vi tri 1&p
o gt et vt te b gt ®atne
T e e B
2 @ @) @) (1) M :
*Phuong an so sanh
X-vi tri 15p
Lo f « trtrte fat T nflnte !
N




3. Ap dung cho ludi dién thuc

té

So sanh chi tiéu dd tin cdy cac phwong an

SAIDI
(h/khach hang)
Chua 13p thiét bj 10,119
Phuong an so sanh 7,058

Két qua tinh todn 6,95

ENS
(MWh)

266,39

186,59

F(x, y)
58,3

9,65

184,12

3,57




ro A
Xét vi tri 1ap dat
va sO lan dém

L 4

Doéng gop cua
deé tai

Y- dang 4p h
dung cho luéi
dién phan phdi
L Viét Nam J




4. Két luan

*Chuwa xét cac yéu td khac

=Sy anh hwdng cta ngudn dién phan tan,

=Sy thay doi cla d6 thi phu tai

=Lap thiét bj trén nhiéu nhanh ré.
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XIN CAM ON THAY CO VA CAC
BAN DA LANG NGHE.




XIN CAM ON THAY CO VA CAC
BAN DA LANG NGHE.




XAC DINH TRUC CHINH

*Xac dinh s& nut cla hé thdng va dat s6; (nut 1 & may cat dau mach, nat
& sau cd sO 1&n hon nat & trudce)

*xi-khodng cach tir nut i t&di nut dau mach;

*bi-khoang cach tr nut thir i tdi nut ngay phia trudc clia no;




XAC DINH TRUC CHINH

*Dang hé phuong trinh




XAC DINH TRUC CHINH

*Viét dwdi dang ma tran

Ax=Db
—>x=A"Db



XAC DINH TRUC CHINH

*Ma tran A(n.n): A(i, i)=1; A(i, j)=-1 néu j la nut ngay phia trudc cda i, con
lai bang O.

*Vecto b: b(i)-khoang cach tir nat i tdi nat upstream cua no.

i, j=1,2,...,N.




XAC DINH TRUC CHINH

*Xac dinh dwogc xmax (gia st xk=xmax);

*NUt k la nat cudi cta truc chinh;

NUt trén truc chinh: céc gia tri bang 1 ciia dong thr k ctia A-1




XAC DINH TRUC CHINH

2l [
1 2 3 4
SEI 1.2 5.6 3.7 I
it I 7
4.4




XAC DINH TRUC CHINH

(1 \
-1 1
-1 1
A= -1 1
-1 1
—1 1
\ -1 1)

b=(0 1.2 56 37 31 21 4.4)]r

) x-(0 12 68 10.5 43 89 13.3)



XAC DINH TRUC CHINH

"1 A
1 1
I 1 1

A"=|1 111
1 1 1
1 1 1 1
J 11 1 1)

) A, =(1 110011
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TRUONG BAI HOC BACH KHOA HA NOI

HANCI UNIVERSIRY OF SCIEMCE AND TECHNOLOGY
KHod

BAO CAO
XAY DUNG CAC MO HINH MO PHONG
PHUC VU PHAN TICH DANH GIA HIEN

TUQNG CONG HUONG DUOI PONG BO
(SUBSYNCHRONOUS RESONANCE- SSR)

Sinh vién thuc hién: _

Giang vién huong dan:  TS. Lé Ptic Tung



So lwge vé hién twong cong dudi dong bé SSR

v

Muc ti€u cua nghién ctru

Mo hinh phan tich hién tugng SSR trén phan mém EMTP-RV




I. So luge veé hién tugng SSR
Dt vin dé:

St dung tu bu doc dwdng day la mét giai phap hiéu qua, kinh
té dwoc s dung phd bién giup tang kha nang tai va dd 6n dinh

cta hé thong.

Tuy nhién, bén canh nhirng lgi ich
dem lai, viéc dat tu bu doc trén dwong
day lai mét trong nhirng nguyén nhan
gay ra hién twong cong hwédng tan sb

dwdi ddng bd (SSR) rat nguy hiém va dé

lai hau qua nang né.

Hinh 1: He théng tu bu doc



I. So lugc vé hién tuong SSR

Dinh nghia:

Hién tuong cong hudng tan sb thap (Subsynchronous Resonance — SSR)
1a hién tuong duoc IEEE dinh nghia nhu sau: “Cong huwong tan so thap la
mot ché do van hanh cua hé thong dién ma o do co trao doi nang luong
giita hé thong vdi turbine mdy phat o mot vai tan so duoi dong bo”.

Nguyén nhan:

» Khi duong day truyén tai n61 vo1 nha may duoc dat bu doc, sé xuat hién

tan sb tu nhién :
fo= J at
TONX, X X,
- T:?m s6 dudi dong bd nay s& sinh ra dong dién cam tng trong rotor ¢6 tan

50; fo=fo= 1o

= Néu tan s6 rleng clia tryc rotor gan véi tan so /, » hién tugng cong huong
s& xay ra dong nghia voi viéc momen xoan trén cac truc cang cé xu
hudng tang 1én.




I. So lugc vé hién tuong SSR

Hdu qua:

= Gay ra sw mdi truc dan dén gidm tudi tho cla truc turbine may
phat.

=  Trwdng hop nang né co thé gay hong hoc va pha hdng truc

turbine may phat.



I1. Muc tiéu cia deé tai

Cdc nghién ciru gan day vé hién twong SSR:

Lé buc Tung, «kKETUDE DE LA RESONANCE SUBSYNCHRONE DE TORSION
DANS LES SYSTEMES ELECTRIQUES. STABILISATION DU PHENOMENE EN
UTILISANT LE TCSC», Memoire de fin d’etudes, 2007

= Nguyén Dtrc Hung, «Ap dung thiét bi bu SVC dé giam thiéu tac dong cua su cb cong

huéng co dién SSR trong hé théng dién», Luan van thac si, 2015.

Lé Puc Tung, «Mb phong md hinh chuan IEEE bang phan mém ATP phuc vu nghién
ctru hién tuong cong huong dudi dong bow, Tap chi khoa hoc va cong nghé cac trudng
ky thuat, 01/2016

Truong Ngoc Minh, Lé Ptric Tung, Nguyén Hoang Viét, Nguyén Thanh Dtrc, Lé Gia
Thi, «XAY DUNG MO HINH MAY PHAT — TURBINE NHIET DIEN TRONG
MATLAB PHUC VU NGHIEN CUU CONG HUONG TAN SO DUGI BPONG BO»,
Tap chi khoa hoc va cong nghé Pai hoc Pa Nang, 2017

Can xdy dung cac mo hinh da dang, c6 kha ning mé ta hé thong thuc t& (mod
hinh nhiéu may phat, 16 duong day kép...)>D¢ tai: Xay dung cac mo hinh mo
phong phuc vu phan tich danh gia hién twong cong huwong dwdi dong bo.



II. Muc tiéu cua dé tai

St dung cong cu moé phong EMTP-RV:

v

v

v

Cong cu md phong so, dic biét manh trong mo phong qua trinh qué
do

Poi voi May phat dién: EMTP-RV cho phép mo phong hé tuabin
nhiéu khoi (khong bi gigi han nhu ATP/EMTP)

Hb tro nhiéu mo hinh trong hé thong dién: duong day, may bién
ap, tu bu,...

C6 thé mo phong theo mién thdi gian va mién tan so.



[11. M6 phong trén phan mém EMTP

- Viéc nghién ctru vé hién tuong SSR thuong dugc thuc hién trén 2 mo
hinh chuan cua IEEE la First Benchmark (FBM) va Seconde Benchmark
(SBM) rdi sau d6 md rong ra cac mo hinh trén thuc té.
¢ Mo hinh FBM

May phét Kb Roz Xoz Xe Xt

(: ) ‘ %% I O i i I R %NﬁtHT

1 2 3 4
Hinh 2: So do IEEE First Benchmark

Badng 1: Thong so cua may phat dién dong bo Bang 2: Thong so cua luoi dién
x, =179 x,, =166 x, =171 x,, =158 Théng sb Thanh phan thit tw thugn | Thanh phan thic tw khong

. _ Ry, 0.02 0.5

w,r, =0,53 o,r, =1,54 o1, =3,1 @y, =53
X, 0.14 0.14

x, =0,062 x,, =0,0055 Xy, =0,095 X0 = 0,326
Xo 0.5 1.56
x, =0,13 7, =0,001 D,=0 T e 006
X, =0.169 X, =0.135 x,=0.228 x;=0.200 X, 0.35 0.35




[II. Mo phong trén phan mém EMTP
M0 hinh mé phong trén phan mém EMTP ciia mé hinh SSR

|  Kich ban md phong:mtc bu 1a 74,2%.ngan mach tai
hﬂk‘“f“f“—® Bus 3 trong khoang thot gian tir 50ms dén 125ms.
U - Trong truong hop bu 74,2% trén ludi thi tan s6 tu nhién

£ cua ludi dién la:
) f. = fs/Xc/X = 60,/0,371/0,7 = 43,7 Hz

- Tan sO dudi dong bo o =1-f,=60-43,7=16,3 Hz. G1a tr1

+
RL3

= ndy gan vGi cac tan so riéng ctia cac doan truc (tir 15 dén
| 20 Hz), nén hién twong SSR xay ra. Ta s€ chay mo6 phong
e T dé kiém tra.
L3

Hinh 3: Mo hinh FBM trén EMTP



[11. M6 phong trén phan mém EMTP

« Két qua md phong khi bu 74,2%

Tm_EX-GEN

o

10 I I I I I I
0 0.5 1 15 2 25 35
Tm_GEN-LPB
6 T
4L
2L
0 -
2+
4 I I I I I I
0.5 1 15 2 25 35
Tm_LFPB-LPA
15 T
10F
5
0F
5L
10 I I I I I I
0.5 1 15 2 25 35

1
0.5

I
05

Tm_LPAP
15 2 25
Tm_IP-HP
.
15 2 25

Hinh 4: Mé men xoan truc mdy phat véi mire bu 74,2%




[11. M6 phong trén phan mém EMTP

« Két qua md phong khi bu 40%

Tm_EX-GEN Tm_LPAIP
1 . 4 '
05f 2t I
0 | 0k }I
-05F 2t ‘
_1 1 1 1 1 1 1 1 _4 1 1 1 1 1 1 1
0.5 1 15 2 25 3 35 4 0 0.5 1 15 2 25 3 35 4
Tm_GEN-LPB Tm_IP-HP
40 . 4 :
20F I 2t “
° | | |
20+ 2
40 1 1 1 1 1 1 1 _4 1 1 1 1 1 1 1
0 0.5 1 15 2 25 3 35 4 0 0.5 1 15 2 25 3 35 4
Tm_LPB-LPA t
20 . .
10} ‘
10t |
720 1 1 1 1 1 1 1
0.5 1 15 2 25 3 35 4

Hinh 5: M6 men xodn truc mdy phat véi mire bu 40%



[11. M6 phong trén phan mém EMTP

«  Khi bu 20%, ta thu dugc két qua

Tm_EX-GEN
0.1 ;
0.05
0 Jl‘
0.05
_0_1 1 1 1 1 1 1
0 0.5 1 15 2 25 3.5 4
Tm_GEN-LPB
0.5 ;
il |
0.5 il
Ak
15¢ .
_2 1 1 1 1 1 1
0 0.5 1 15 2 25 3.5 4
Tm_LPB-LPA
0.5 ;
0r
-0.5F
A
_1_5 1 1 1 1 1 1
0 0.5 1 15 2 25 3.5 4
t

02k

04l

06}

-0.8

01

01k
02k
03k
-D.dD

Tm_LPAIP

1 1 1 1 1 1 1
05 1 15 2 25 3 35
Tm_IP-HP

1 1 1 1 1 1 1
0.5 1 15 2 25 3 3.5

Hinh 6: M6 men xodn truc may phdt véi miee bii 20%



[11. M6 phong trén phan mém EMTP

» Nhan xét :

- V&i hai mte bu 74,2% va 40% thi déu xay ra hién tuong SSR do
sinh ra tan s6 dudi dong bo tring voi tan s6 giao dong tu nhién cua
h¢ truc. Con khi bu 20% thi hién tugng SSR da khong xay ra trén
mo hinh do v6i muc bu nay thi khong xuat hién tan s6 thap nao gan
vO1 cac mode giao dong riéng cua he truc.

- Ap dung lai cong thuc ta cling c6 thé tinh toan dugc nhitng dung
luong tu bu co thé gay ra hién tuong cong hudong dudi dong bo SSR.



[11. M6 phong trén phan mém EMTP

%+ M6 phong mo hinh SBM trén phan mém EMTP
» Mo hinh 1 :

- Kich ban m6 phéng: ngin mach tai Bus 1

..hﬂ,ww_@ trong thoi gian tr 150ms trong khoang 17ms,
i bu 55%.
@ - tinh toan tuong tu nhu v61 mé hinh FBM thi
14 g 14
| bus 1 ta thay dugc vo1 mire bu nay thi s€ xuat hién

tan so dudi dong b 1a 24,59 hz rat sat véi 1

% % + mode giao dong cua may 1 (24,65 hz)

Hinh 7: M6 hinh SBM co [o kép trén EMTP



[11. M6 phong trén phan mém EMTP

%+ Mo phong mé hinh SBM trén phan mém EMTP
> Két qua mo phong

! Nhan xét:

a; WWWW 'W IW WW WW \NW W N\M W’ M - v6i mic bu 55% thi cé xuat hién hién
\ s ) l tugng cong hudéng dudi dong bo khi co
i sur cO.

| S—— niHe 1l
1:ﬂwwwm\MM»MWWMWUW\]\.“J\,“uW\(hWJ\WWJ\,ﬂv\.wwUWMWWU\,/MW\PJ’WMWWWWW

T TR I I Wetlstbmtt it M
J-—WWW%WJUU\/\MW/u‘f\ﬂﬂMﬁfi’uM\WLWW\/\,WU\WM %VMJW-/WWUVWMMW
Hinh 8: Mé men xodn truc may phdat
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[11. M6 phong trén phan mém EMTP

% Mo phong md hinh véi mic bu 30 % day 1a mirc bu khong sinh ra tan s6
thap trung vo1 tan sO giao dong tu nhién cua truc tuabine
» Két qua mo6 phong

Tm_EXGEN

Nhan xét:
- v6&1 muc bu 30% thi khong xuat hién

05 1 15 2 25 3 15
Tm_GEN-P

! | ! ! ! ! ! 4 hlén tll’O'Ilg C@Hg hlIéTlg duoi déng bé

‘ khi co6 su cO.

Hinh 9: M6 men xodn truc mdy phdt



[11. M6 phong trén phan mém EMTP

%+ Mo phong mé hinh SBM trén phan mém EMTP

» M0 hinh 2 : ,

- Kich ban mdé phong: ngan mach tai Bus 1
trong thoi gian tr 150ms trong khoang 17ms,
bu 55%.

- tinh toan ta thay dugc voi mirc bu nay thi s&
xudt hién tan s6 dudi dong bd gan véi 2 mode
giao dong cua may 1 (24,65 hz) va may 2
(24,65 hz). Ta tién hanh mé phong dé kiém tra

Hinh 10: M6 hinh SBM hai may phat trén EMTP



[II. Mo phong trén phan mém EMTP
%+ Mo phong mo hinh SBM 2 may phat trén phan mém EMTP

May 1 May 2

Tm_EX-GEM Tm_GEN-LP
1 : 100 :
50+
05+ g
0
0 H
50+ 1
_0_5 1 1 1 1 1 _1[‘]0 1 1 1 1 1
0 05 1 145 2 2.5 3 0 05 1 145 2 2.5 3
Tm_GEMN-LP Tm_ItP-HP
100 . . : . . 20 . . . .
50+ 10
0 0 WWWWWWMWV‘MWMWWWWW
50+ 10 +
_1[‘]0 1 1 1 1 1 _20 1 1 1 1 1
0 05 1 145 2 2.5 3 0 05 1 145 2 2.5 3
Tm_LP-HP
20 .
10
0 L
A0k
20 F
_30 1 1 1 1 1
0 05 1 145 2 2.5 3

Hinh 11: M6 men xodn truc mdy 1 Hinh 12: Mé men xodn truc mdy 2



[II. Mo phong trén phan mém EMTP
¢ Chay thir m6 hinh v61 mtrc bu 25%

May 1 May 2

Tm_EX-GEN Tm_GEN-LP
0.2 : 1 .
0.1
U -
; “
1 i
0.1
_0_2 1 1 1 1 1 1 1 _2 1 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4 0 0.5 1 15 2 25 3 35 4
Tm_GEN-LP Tm_LP-HP
2 : 0.5 :
1+ ol
0 L
0sf L
_1 L
2+ Ak
3 . . . . . . . s . . . . . . .
0 0.5 1 15 2 2.5 3 35 4 0 0.5 1 15 2 25 3 35 4
Tm_LP-HP t
1 : : :
0.5
0 |-
05
_1 L
_1_5 1 1 1 1 1 1 1
0 05 1 15 2 25 3 35 4

Hinh 13: Mé men xodn truc mdy 1 Hinh 14: M6 men xodn truc mdy 2



[11. M6 phong trén phan mém EMTP

» Nhan xét:

V&1 dung luong bu 55% thi ¢6 xay ra hién tugng cong hudng dudi
dong bo, con véi mire bu 25 % thi khong. Két qua nay phu hop véi
két qua danh gia trén 1y thuyét.

Ta thdy voi moé hinh 2 may phat thi mé men xoan c6 xu hudéng mé
rong nhanh hon so vdi mé hinh mot may phat. Qua day ta thay duogc
anh huong cia hién tuong SSR véi mo hinh 2 may phat 1a rat 16n



V. Két luan

Hién tuong cong huong dudi dong bo xay ra khi co su c6 trong hé
thong lam xuat hién tan s6 dudi dong bd gan véi tan s giao dong
riéng cua hé thong tuabine may phat.

Cac mo hinh mo phong hién tugng SSR di dugc thiét 1ap va kiém
tra. tir d6 c6 thé sir dung cho cac hudng nghién ctru tiép theo vé
hién tuong.

Cac hudng nghién ctru tiép theo:

Str dung cac thiét bi dé ngan chan hién tuong SSR nhu st dung bo loc thu
dong, thiét bi bu SVC,...
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Xin cam on thay, co va
cac ban da theo doi!
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Néi dung bao cao :

\
1
\

2 Phuwong phap phat hién sut giam dién &p ngan han LES

|
3 Ung dung phwong phap LES cho bd diéu khién thiét bi DVR

4 > M6t s6 két qua tinh toan




1. Ly do Iwa chon dé tai

e Chéat lwong dién nang
«  Sut gidm dién 4p ngan han

«  Phuwong phap truyén thong Clark-Park c6 nhiéu nhwoc diém
> Phwong phap dé xuat - LES (Least Error Squares)

So voi phwong phap truyén thong Clark va Park, thi phwong phap LES c6 nhirng
wu diém chinh nhuw sau:
= Phat hién thoi diém sut ap nhanh hon.
= Giam thiéu sai l&ch gia tri dién ap woc lweng tai thoi diém sy co.
= Khéng bi anh hwdng cla cac thanh phan khac tan sd co ban 50Hz, cac thanh

phan mét chiéu trong lwdi dién



2. Phwong phap phat hién sut giam dién ap ngan han LES

2.1 Phwong phap binh phwong cwc tiéu (Least Squares Method) :

-2 —1 0 1 2

Hinh 1 Minh hoa phwong phap
binh phuong cuc tiéu



2.2 Phwong phap Least Error Squares - LES

Dwa trén co s& phwong phap binh phwong cuc tiéu, phwong phap LES [4] [5] [9], dwoc trinh

bay dé U&c lwong dién ap va goc pha nhw sau :
e aa 2 ex L a t
Gia st dién ap pha A biéu dién bai : u,(t) = kyeT + Y Uy,sin(nw,t + 6,,)
n=1

(2.1)

Ap dung phép khai trién Taylor, ta c6 thé biéu dién phwong trinh (2.1) vé dang ma tran sau :

[Ax[ X |=[V] (2.2)
mx7 Tx1 mx1
Suy ra:
[X]=[4]"x[V] (2.3)
Tx1 Txm mx1



2.2 Phuwong phap Least Error Squares - LES

1 sin(@y,) cos(ay,) sin(3m) cos(3mt) 4

- LPI T -1 T
4] :[[A] X[A]] x[ 4] _ 1 sin(@yt,) cos(ayt,) sin(3ayt,) cos(3eyt,) t, ¢
Trong d6 : A= . : I
::1] =[v(n) v() ] 1 sin(ayt,) cos(ay,) sin(3ayt,) cos(3aypt,) 1, ¢, |
. . k, kT
[ X]= {ka U,cos6, U,sin@ U,cos@, U_,sinf, ——< 5 < }
7 T 27
Bién do va goc pha cla thanh phan co ban sé dwoc tinh nhw sau
U, =X (2)+X°(3) 4
0 = w,t+0,, =arctan(X (3)/ X (2)) (2.5)

> Tir két qua trén ta sé biét duoc céc gié tri bién dd dién ép va géc pha tai mot thoi diém



2.2 Phwong phap Least Error Squares - LES

A So dé khbi cua phuwong phap:

Tl nhitng co s& ly thuyét da trinh bay &
trén, so d6 khéi phwong phap LES dwoc
thé hién trong hinh 2

Liy cic méu tirc thori

v

Thanh lip ma trin [A],
[V], [X]

v

Tinh todan ma tran [X] (2.3)

Udc lugng bién
do dién ap (2.4)
vi goc pha (2.5)

Hinh 2 So dé khéi phuwong phéap LES



2.3 Cac yéu to anh hwéng téi thuat toan

« Tan sb lay mau

« Cac phan tir chudi Taylor



2.3 Cac yéu to anh hwéng téi thuat toan

O ctra so div liéu

Khi tang do dai 6 clra s6 di¥ liéu l1én, dd chinh xac ql]a thuét toan ténqlén, nhwng thoi gian thyc
hién tinh toan woc lwgng trong mot 6 sé tang theo, dan dén thoi gian tré tang.

320 - - - - - 320
310 1 ! 310 | ]
| |
|
300 | : 300 | |
| |
=00 | [ 290 | |
| |
| !
280 | | 280 |
I |
270 [ | 270 | |
| |
| |
260 | | 260 | |
| |
250 [ ' 250 [ |
t=4.4ms t=22ms
540 . : . . 540 | . . ! .
0.096 0.098 0.1 0.102 0.104 0.106 0.10 0.096 0.098 0.1 0.102 0.104 0.106 0.10
a) N=100 b) N=50

Hinh 3 Tin hiéu dién ap do duwoc khi db dai ctra sé dir liéu a)
N=100, b) N=50



2.3 Cac yéu to anh hwéng téi thuat toan

 Tan so6 lay mau

Tang tan so lay mau sé lam két qua do nhanh hon nhwng dd chinh xac sé gidm di, tang khoi
lwong tinh toan.

320 - - : : - - - - - 320
=T I 310 | ;
| |
. : 300 | :
| |
290 [ | 290 [ |
| |
280 | : 280 |- :
| |
270 | [ 270 | |
| |
260 | : 260 | :
| |
250 i t=3.3ms ’ 250 | i t=98ms
S . . . . | . . . . S0 . . | . .
0098 0099 01 0101 0102 0103 0104 0105 0106 0107 010 0.098 0.1 0.102 0.104 0.106 0.108 0.1-

a) b)

Hinh 4 Tin hiéu dién &p do duoc khi tan s lay mau

a) f=15 kHz , b) f=5 kHz
10



2.3 Cac yéeu to anh hwéng téi thuat toan

« Céc phan tir chudi Taylor.
Néu dung nhiéu phan tt tir khai trién chudi Taylor thi kich thwdc 6 clra sb di

liéu s& phai tang Ién dé gidm dd nhay cdm v&i nhiéu. Diéu nay lam tang thoi
gian tinh toan cho mét 6 ctra sO, lam tang do tré cua thuat toan.

11



2.4 M6 phong phwong phap LES

Thwe hién mé phdng trén phan mém Matlab/SIMULINK

In1 [d—
Us_measured Scope1
:l o
V_Source ﬁ
UA s > P In1 Qut1 g f(u) —p I:I
Al a|lp Vabe Voltage Scope
. alp———49/A a1 . A Voltage and phasor
g TN Bje————alB bl alB JW\(JWI blp— g Bm" estimation algorithm
,—H C
— Ce—a|C c “—I—g c
¢ Three-Phase
Parallel RLC Load
» f(U) »
Angular Scope2
a) b)

Hinh 5 — a) M6 hinh mé phdng lwéi dién don gidn, b) So db khbi cta bd LES filter

12



2.Ung dung thuat toan Least Error Squares phat hién sut ap ngan han

Kich ban 1 : Bom ngudn séng hai:

Hinh 6a
Dién &p trén )
hé toa dd ba 200 J
pha ABC o
Hinh 6b 200
Phuwong phap i I
Clark va Park 100 - i
o L ———
Hinh 6 ¢ wd ] La | | - ]
Phwong phap o )
LES 150 [— —

Q

(o} 0.05 0.1 .15 02 0.25 0.3



2.Ung dung thuat toan Least Error Squares phat hién sut ap ngan han

Kich ban 2: Thay doéi dién ap khong doi xirng tai nguon

400

Hinh 7a 200
Dién ap trén D |
hé toa do ba |
pha ABC ==
Hinh 7b 300 I~ WW\/J\J\J\‘A_A- i — .
Phuwong phap =S y
Clark va Park 100 |- Il
T SATAATATIR'AA'A D B
Hinh 7c 360 - A
Phuwong phap :z A ]
LES 300 |- .

o 0.05 .1 0.15 02 0.25 0.3



2. Ung dung thuat toan Least Error Squares phat hién sut ap ngan han

Tai thoi diém t = 0.1s (bat dau xay ra sw cb ):

320
330 |
310 | | ﬂ
: 320
300 | |
| 310 [ i
290 | ! !
: 300 | |
280 | | '
| 290 | :
270 | ' |
: 280 r |
260 | | |
| 270 |
|
B | — J
250 | t=2.2ms | ol : § = B
240 : : : : : : :
0098 0.099 0.1 0.101 0.102 0.103 0104 0105 01C 250 ' ' ' ) ' ' '
0.098  0.099 0.1 0101 0102 0103 0104 0105 0.A1C
Hinh 8a Phuwong phap LES Hinh 8b Phuwong phap Clark va Park

15



2.Ung dung thuat toan Least Error Squares phat hién sut ap ngan han

VD3 Trwéng hop ngan mach 3 pha tai dau nguén:
- | |

200

Hinh 9a oo ll
Dién ap hé toa oL
do trén a pha —

ABC s
Hinh 9b 2s0
Phwong phap 2:
Clark va Park -
Hinh 9c ““‘f
Phwong phap :

LES 1 |




3. Ung dung phwong phap LES cho bé dié

Phia
| Ta
> B0 phan cap nang luvong o ‘ 1
[]
Nguén Loc f
> BO6 bién dbi [6] Thu Béng !
Tai '
Phi Tuyén

> B0 loc tan s6 chuyén mach va phwong phap lwa chon.[7]

_1_ | Ngudn
T | Dw Tri

> May bién ap ghép néi tiép

> B0 diéu khién xac dinh gia trj dién ap bu cia DVR [8] ‘ o ]
Hinh 10 So db céau truc 1 pha cua

DVR két néi luci

17



3. Ung dung phwong phap LES cho bé dieu khién thiét bi DVR

PIEU —— SPWM
KHIEN

Vi ——> LES 2

Hinh 11 Mé hinh cua hé théng diéu khién DVR cho tirng pha

18



4. Mot so ket qua tinh toan

XUAT TUYEN 474E25.5

Us_measured _ Ul_measured

Ca Cannz Cann
— - el {3 {4
Source Scope RMS Source W_Load ope RME Load
CaonnS  Con I 8| Cannd
O 221 BT G622
L = a [ 2 1= o [— e |_Load
& 8 labe A
WAl _3% : —
n|m a| B
L ¢

L

Hinh 12 So dé mé phong thiét bi DVR

19



Yén@inhd  Fn GEnh 2
I AN

4. Mot so ket qua tinh toan

L] s 4 @
A5 1
2 i1 A4
H E ¥ Bid 4
4 g @ a L SR
. ; : R L e
Fiodag Phai §
s - - | o f W ke
- = & 0
[T F B E ACSIatIT AC2aatan H H J-_!1_1.7
o o L] -
T b Hodrg Trasmg H
sl 47
A1 < o ACEIa S
T n . H
& i
™ x u x & i
o S g T . - 1 . - 1
> a "||||l|‘ -
- —alC o Y 5 g - g - L l [ [ g - [ L - | g -
L 1
Pl Thras- Fras o L . b
Pl FLC Bewnch i Thwaa-Pras ACAMIATE ACIZZa1l ACIZIn 3 =y J AL a1l =) S =0 ACHDmA I AC1I0wE
- Wt arermann Ear-
i~ prE
- = ATECn i
H H = & a AT 1
B e A 500 ; g blorg § ﬂ_ T3 ke ap— .
R 5 - 1
. L 3 3 11]
slong T 5 . = o u LI
] At ] = [l_ T 5 At 1 S
a 'u - Mg L 5| .
* FFha hiag A i = H ;;3“ = T u ; A AL 500 3 H
A blung 1 — ‘:5. o '!‘::‘ﬂﬂ'-'" i fry e W ﬂ T hira Dug [ —_—
= | HHWVA Fighin Husg x 8 A 1R
TR g Lis 3 & O e - E )
Doy a4 iy Pl 7 P— Pty ACMmid = 5] J—
- U'n"‘“' . l.-m Dug P i z = ] l I'E‘I mmh{‘:’l‘c:“ i T P
b a L
TGTHCR - 2 = afa—of b= ety
] E S T i 1] k% M | =) | A}
ic ] j s z = - Tezws, ;I;:qmn-:- o P
A
o O o rigas kg ] ACuEE E u “ Pt ] s
AL 0] o CI 2 o
A 25 ACT L " fre ] k
] L E e ] 5 L=
- L b £ =2 L x = L
« 4 Ranh gidi Tam Dwong -Vinh Twdng P
Coan?  ACISEaSS A A ACEAE A M ACHELnSE 717 T 20 5 ACE ACHETAN ACASASET AL Tl & T ACHA
Card_ral A - = - = A I ] = W 0 ; A ' x B w A 0
L o [ [ E o o o o o o o o
=]
[
= m 0

Floag Liu 3
2CTHE

Hinh 13 Block: C1-162
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4. Mot so ket qua tinh toan

Haing B 1
ERHVA

I B a #

-M;E S 2 0

" 1 a& 2 C

Heing Buan & ERraT AT

THA
AT b
= o : Heirg B 4
il L 1BCHA < 0 a
— ] S0 | Haing B}
Fis 1 = & u B " TR
v a1 ] I I  — L -

2 & U x & U = v ate
| RS VARLIED
AN

o ALH0N 150 ACTORS . o
I by b
\ - J - J Hedg Buan %
¢p—dh Oy — — . nly Ve ZEHVE
A a B a L a B a o a CY a A a
LD e aln 1 B aln—ali
. b ) O a e o o O a . “n
c ] [ . . . . N ) ) B -} aﬂ-llﬂ.
ol PIST) a i . £ C - L i tjo & - te | - £ e & G : & 1o . . . :
Tiras-Fhass AL TSN S B el ALt ALT el AL el i e ACTES1 —
X " Thtum-Prociu ACHRa03
st T e Wl Mt urimn®
L3N T}

. L] L T}

G5 0L T FTE T h : L

OHA e Hia & Hiwi g Elan 2

= ] TAIKVA THIKVA WV NEE
= H L plin |§| RS MET2
. b U j—- AkS
T y b RS
] — |

Thriss-Phetin
-1 st

Hinh 14 Block: C162-208
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4.Két qua mé phong

< Tai tuyén tinh : S c6 ngan mach cham dat ba pha.

T T
300 .

Hinh 15a 200 |
Pién 4p nguén

0

Hinh 15b
Dién ap tai
Phwong phap LES

Hinh 15c
Dién ap tai
Phuwong phap
Clark va Park




150 T T T T T T T T T 150
100 | 1 100 4
50 . 50 + i

X .

S50t E =50 1

-100 - -100 i

-1 5[} 1 1 1 L 1 N N 1 i -1 50 1 1 1 1 1 1 1 1 1
0.08 0085 0.0 0.095 oA 0105 0.11 0115 012 0125 0.12 0.08 0.0B5 0092 0095 01 0105 011 0115 012 0125 013

FFT analysiz FFT analysis

Fundamental [EUHz]: 301.6, THD=2.21% Fundamental [50.1Hz]ﬂ= 309.4, THD=4.33%

=1

T T £l

Bl

T T Bl

[
T
1
el
T
1

—a
T
1

Mag (% of Fundamental)
s
h —l
Mag (% of Fundamental)
P
=

%
ui]
L,
Lo

1] 2 4 6 B 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18

Hinh 16a Dién ap bu DVR khi b6 diéu khién Hinh 16b Dién 4p bu DVR khi b6 diéu khién
str dung Phuong phap LES str dung Phuwong phap Clark va Park 23



4.Két qua mé phong

% Tai phi tuyén (Tai déng co) :
XUAT TUYEN 474E25.5

L‘:"uw m Ul massursd
Camni Connd Cann
U ——— | e |
2 — Sourtm Seope ANS Soua
et Dannd  Connk fe ]
HGLION SRy = ClH-8
- A T 1a ke —
—a e alc - 9
ETY
L]
BT
= Y
v Thess Phuss Fault
o Ve
' a '
£ & & =
P ThLE

Hinh 17 So dé mé phéng thiét bi DVR

24



4.Két qua mé phong

< Tai déng co’:  Sw cb ngdn pha cham dat ba pha.

I I I I I I I
300 [—

200

Hinh 18a
Dién ap ngudbn

Hinh 18b
Dién ap tai
Phuwong phap
LES

o.08 0.085 0.09 0.095 0.1 0.105 0.11 0115 0.12 0.125 0.13

Hinh 18c
Dién ap tai
Phwong phap
Clark va Park

0.08 0.085 0.09 0.095 01 0,105 0.1 0115 0.12 0125 013



150 1 T ' T T 1 T T T 150
100 | 1 100 |
50 : so | ]
\h._-/ '

50 1 50 | 1

100 1 100

-150 : : : : : : ; ' ; 150 : ' ' ; ; : : : :
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FFT analysis FFT analysis
Fundamental (50Hz) = 304.5, THD= 2.23% - Fundamental (50Hz) = 309 , THD= 4.97%
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Hinh 19a Bién &p bu DVR khi by diéu khién Hinh 19b Dién ap bu DVR khi bé didu khién

st dung Phuwong phap LES st dung Phuong phép Clark va Park




Hinh 20a
Téce do roto luc
chuwa co sw co

Hinh 20b
Toc do roto lic s
c6 NM khi chua
két n6i DVR

Hinh 20c
Téc doé roto lic s
c6 NM khi két néi
DVR
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Két Luan Chung

Béng 1. Két qué so sanh gitra phuwrong phap dé xuat va phuong phéap truyén théng Clark — Park

L Sai léch dién ap bu tai Thoi gian Séng hai,
Chi tiéu THD 2 .
thoi diem sut ap phat hién thanh phan
Tai tuyén Tai phi Taituyén | Tai phi sw cd DC
Phwong phap tinh tuyén tinh tuyén '
Phuwong phap
LES 2,21% 2,23% 13V 14V 2,.2ms Khéng co
Phuwong phap
Clark & Park 4,33% 4,97% 105V 109V oms Co

Tl d6, ta co thé khang dinh phwong phap st dung mang lai nhirng hiéu qua cho thiét bi nhw sau :
 Theoi gian phat hién sut ap nhanh chéng, chinh xac.
« Khéng chiu anh hwéng b&i séng hai bac cao,thanh phan DC trong lwéi dién.
« Giam thiéu sai léch dién ap bu tai thei diém sut ap.
- Cai thién chat lwong dién ap: bién do, THD,...

Két qua bwéc dau nay cua dé tai cé thé trng dung cho cdc bai toan lién quan dén van hanh
Iwéi dién va co thé sir dung cho bé diéu khién cua thiet bj khéi phuc dién ap déng DVR. .
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