BO GIAO DUC VA PAO TAO
TRUONG PAI HQC SU PHAM KY THUAT TP.HCM

LE TRONG NGHIA

NGHIEN CUU PHUONG PHAP CAI TIEN SA THAI PHU TAI TRONG
HE THONG PIEN

Chuyén nganh: KY THUAT PIEN
Mi s6 chuyén nganh: 9520201

TOM TAT LUAN AN TIEN Si

TP. HO CHI MINH — NAM 2020




Cong trinh dugc hoan thanh tai Trwong Pai hoc Sw pham K§ thuiat Tp. HCM

Ngudi hudng dan khoa hoc 1: PGS. TS. QUYEN HUY ANH
Ngudi huéng dan khoa hoc 2: PGS. TS. PHAN THI THANH BINH

Phan bién 1:
Phan bién 2:
Phan bién 3:

Luén an s€ duoc bao vé trudc Hoi déng danh gia ludn an Cép Truong hop tai
Truong Pai hoc Su pham K§ thuat Tp.HCM
Vao ngay thang nam




DANH MUC CONG TRINH PA CONG BO

1. Trong Nghia Le, Huy Anh Quyen, Ngoc Au Nguyen. Application of fuzzy-
analytic hierarchy process algorithm and fuzzy load profile for load shedding
in power systems. International Journal of Electrical Power & Energy
Systems, Volume 77, pp. 178-184, May 2016. ISSN: 0142-0615. (SCIE).

2. Trong Nghia Le, Ngoc Au Nguyen, and Huy Anh Quyen. Emergency
Control of Load Shedding Based on Coordination of Artificial Neural Network
and Analytic Hierarchy Process Algorithm. Proc of IEEE Conferences on
System Science and Engineering (ICSSE), pp. 57-60, September — 2017; ISSN:
2325-0925 (Online) (IEEE Xplore).

3. Nguyen Ngoc Au, Le Trong Nghia, Quyen Huy Anh, Phan Thi Thanh Binh.
Sa thai phu tai dya trén nhén dang nhanh 6n dinh dong hé théng dién. Tap chi
khoa hoc cong nghé, Dai hoc Pa Nc%ng, ISSN 1859-1531 — S 11(129).2017
Quyén 2, 11-2017.

4. L.T. Nghia, T.T. Giang, N.N. Au, Q.H. Anh, Do. Ngoc. An. Emergency
Control of Load Shedding Based on Fuzzy- AHP Algorithm. International
Journal of Engineering Research & Technology, Vol. 6 Issue 09, pp. 185-191,
September — 2017; ISSN: 0974 —3154 (Print).

5. Nghia. T. Le, Anh. Huy. Quyen, Au. N. Nguyen, Binh. T. T. Phan, An. T.
Nguyen, Tan. T. Phung. Application of Dual Artificial Neural Networks for
Emergency Load Shedding Control. International Journal of Advanced
Computer Science and Applications (IJACSA), Vol. 11, No. 4, pp.74-82, 2020.
ISSN: 2158-107X (Print) ISSN: 2156-5570 (Online). (ESCI).

6. Nghia. T. Le, Anh. Huy. Quyen, Binh. T. T. Phan, An. T. Nguyen, and Hau.
H. Pham. Minimizing Load Shedding in Electricity Networks using the
Primary, Secondary Control and the Phase Electrical Distance between
Generator and Loads. International Journal of Advanced Computer Science
and Applications (IJACSA), Vol. 10, No. 2, pp.293-300, 2019. ISSN: 2158-
107X (Print) ISSN: 2156-5570 (Online). (ESCI).

7. Le Trong Nghia, Quyen Huy Anh, Phan Thi Thanh Binh, N Thai An, P H
Hau. A voltage electrical distance application for power system load shedding
considering the primary and secondary generator controls. International
Journal of Electrical and Computer Engineering (IJECE), Vol. 9, No. 5, pp.
3000-3009, October 2019. ISSN: 2088-8708. (SCOPUS Indexed Q2).



8. Trong Nghia Le, Huy Anh Quyen, Thi Thanh Binh Phan, Ngoc Au Nguyen,
Tan Phung Trieu. Select Location for Load Shedding In Power System. Proc
of IEEE Conferences on Green Technology and Sustainable Development
(GTSD), pp. 13-17, December 2018. (IEEE Xplore)

9. Le. Trong. Nghia, Quyen. Huy. Anh, P.T.T. Binh, Phung. Trieu. Tan. A
New Under-Frequency Load Shedding Method Using the Voltage Electrical
Distance and Artificial Neural Networks. International Journal of Advanced
Engineering, Management and Science (IJAEMS), Vol.5, No 3, pp. 171-179,
March 2019. ISSN: 2454-1311.

10. Le Trong Nghia, Huy Anh Quyen, Huu Kiet. Load Shedding based on
Fuzzy Logic and AHP Algorithm. International Journal of Engineering
Research & Technology, Vol. 5 Issue 04, pp. 395-402, April-2016; ISSN: 0974
—3154 (Print).

11. N.M. Tam, L.T. Nghia, N.H. Nhat, Q.H. Anh. The Optimal Location Load
Shedding using Electrical Distances. International Journal of Engineering
Research & Technology, Vol. 6 Issue 10, pp. 99-103, October — 2017; ISSN:
0974 —-3154 (Print).

12. L.T. Nghia, T.T. Giang, Q.H. Anh, P.T.T. Binh, Bui.NguyenXuan. Vu.
Shedding Apply Neural Network and Power Sensitivity Theory. International
Journal of Engineering Research & Technology, Vol. 7 Issue 04, pp. 408-413,
April-2018; ISSN: 0974 —3154 (Print).

13. Le Trong Nghia, Quyen Huy Anh, Phan Thi Thanh Binh, Nguyen Trong
Tin. Minimizing The Amount of Load Shedding Considering The Primary
Control Of Generator. Journal of Technical Education Science, Vol. 49, pp.
58-66, June 2018; ISSN: 1859 —1272.

14. Tan. T. Phung, Nghia. T. Le*, Anh. Huy. Quyen, Hau. H. Pham, and An.
T. Nguyen. A Hybrid Artificial Neural Network - Genetic Algorithm for Load
Shedding in Power System. GMSARN International Journal, Vol 14, pp. 21-
28, 01-2020. ISSN:1905-9094. (SCOPUS Indexed).



CHUONG MO PAU
1. Ly do chon dé tai
Tan sb | thong s6 k¥ thudt quan trong trong viéc danh gia chat luong dién

ning cta hé thong dién va phai duoc duy tri trong gi¢i han quy dinh dé dam bao

hé théng dién van hanh 6n dinh.

Khi xay ra cac sy ¢ 16n, vi du nhu xay ra ngdn mach trén cac niut may
phat, dudng day hodc may bién ap c6 thé gdy ra mat 6n dinh tan s6 hé thong dién.
Céc su cb ndy can phai dugc phat hién nhanh dé dua ra quyét dinh co/khong sa
thai phu tai dé khoi phuc on dinh ciia hé thong dién.

Cac nghién ctru trudc day khi tinh toan, mo phong chi quan tim xem xét
mot ché d6 murc tai van hanh coa hé théng ma chua xem xét hé théng dién van
hanh & nhiéu ché 46 mirc tai khac nhau.

Ngoai ra, cac giai phap nghién ctru tdi wu sa thai phu tai trude day chi xét
dén cac yéu td rang budc don muc ti€u, nhitng myc ti€u nay chu yéu la cac rang
budc vé& mit ki thuat ma chwa c6 xem xét dén viéc phéi hop nhiéu tiéu chi rang
budc kinh té- k¥ thuat trong mot phuwong 4n sa thai phu tai.

Vi vay, luan an: “Nghién ciru phwong phdp cdi tién sa thii phu tdi trong
hé théng dién” khic phuc mot phin cac han ché néu trén va dap ing yéu cau birc
thiét trong diéu khién, van hanh va bao vé hé théng dién hién nay.

2. Muc tiéu nghién ctru ctia luin an

3. Poi twgng va pham vi nghién ciru

4. Cach tiép can va phwong phap nghién ciru

5. Pong gép méi vé méit khoa hoc va y nghia thie tién ciia ludn an

6. Cau truc cia luian an



CHUONG 1 TONG QUAN VE SA THAI PHU TAI TRONG HE
THONG DIEN

1.1 Tong quan Yé cic sw cb hé thérng dién
1.2 Khai quat vé diéu chinh tan so va sa thai phu tai
1.3 Yéu t0 lya chon sa thai tai .
1.4 Tong quan cac cong trinh nghién ciru vé sa thai phu taii

Céc nghién ciru vé diéu khién sa thai phy tai tap trung giai quyét cac van
dé: khoi phuc tan sb hé thong 6n dinh véi thoi gian nhanh nhét, luong tai sa thai
it nhat, chi phi thiét hai khi mat dién 1a it nhat. C6 nhiéu phuong phap khac nhau
dé sa thai phu tai va phuc hoi hé thong da dugc phat trién boi cac nha nghién ciru.
Cac k¥ thuat sa thai phu tai vé co ban dugce chia thanh 3 mang nghién ctru chinh:
cac k¥ thuat sa thai phu tai truyén thong (Conventional Load Shedding), cac k¥
thudt sa thai phu tai thich nghi (Adaptive Load Shedding), va cac k¥ thuét sa thai
phu tai thong minh ILS (Intelligent Load Shedding) [2].
1.4.1 Sa thai phu tai truyén t,h(“')ng
a. Sa thai phu tai dwéi tan so (UFLS) [9], [10] [11]
b. Sa thai phu tai dwéi dién ap (UVLS) [16], [17] [18]
1.4.2 Sa thai phu tai thich nghi [19], [21]
1.4.3 Phwong phap sa thai phu tdi thong minh

Sa thai phy tai thong minh ILS (Intelligent Load Shedding) 1a phuong phap
kich hoat nhirng relay duéi tan sb dua trén mot chwong trinh sa thai tai thong
minh bién d6i dong. Cac thanh phan chinh ctia chwong trinh nay: cac co so tri
thire, danh sach nhiéu va cac cong cu tinh toan ILS [22] - [29].
a. Phwong phap trng dung mang neural (ANN) trong sa thai phu tai [25],
[30], [32], [33], [34], [35], [36], [371, [38], [39], [40], [41], [42].
b. Ung dung diéu khién mo trong sa thai phu tai [43], [44], [45], [46], [47]
¢. Ung dung hé thong suy luin neural-mé thich nghi (ANFIS) trong sa thai
phu tai [48], [43], [49]
d. Ung dung thuit toan di truyén (GA) trong sa thai phu tai [51], [52] [53],
[54], [55], [56], [57], [58], [59]-
e. Ung dung thuat toan PSO trong sa thai phu tai [61], [62]



CHUONG 2 PHUONG PHAP PIEU KHIEN KHAN CAP SA THAI
PHU TAI TRONG HE THONG DIEN

2.1 Pit vin dé ‘ o ,
2.2 Phuwong phap diéu khién khan cap sa thai phu tii trong h¢ thong dién
2.2.1 Phuong phap sa thai phu tai de xuat [63], [64]

M®& hinh nguyén 1y ciia phuong phap sa thai phu tai trén co s& nhan dang
nhanh trang thai c6/khéng sa thai phuy tai dugc trinh bay ¢ Hinh 2.1 [63] va mb
hinh chi tiét trinh bay ¢ Hinh 2.2 [64].

Bien dau vio i Bo ahan

AHP
ANN
v
.......... Chaen. - » IS
Bonhin | oo didaw » LS
Bochon | . L= Rhidass. .. ..o LS,
e SO abaphy. L. » LS,
ANN2 | L als, » LS,

Hinh 2.1: M6 hinh nguyén ly diéu khién khan cap sa thai phu tai

Mang no-ron thir nhat ANN1 s& thuc hién nhan dang trang thai hé thong
dién co/khong can sa thai phu tai. Néu két qua ngd ra cia ANN1 14 ¢6 sa thai phu
tai thi bo chon sé kich hoat cho phép mang no-ron thir hai ANN2 hoat dong.
Mang no-ron thir hai sé thyc hién nhan dang cac chién lugc sa thai phu tai LS;
(i=1, n) dé diéu khién chon chién lugc sa thai phu tai. Cac chién luoc sa thai phu

tai nay duogc xay dung dua trén thudt toan AHP.
2.2.2 Xay dung tdp miu va huin luyén mang no-ron ANN1

2.2.3 Xay dung chién lugce diéu khién sa thai phu tii dua trén thuit toan
AHP

2.2.4 Huén luyén mang no-ron ANN2
2.2.5 Mo phong - K1em nghiém phwong phap sa thai phu tai dé xuit trén so
do hé thong dién chuén

Phwong phép sa thai phu tai dé xudt duoc mé phong trén so dd hé thong
dién chuan IEEE 39-bus 10 may phét véi su hd tro caa phin mém PowerWorld
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GSO 19 cho trudng hop su ¢ tai Bus 30. Két qua mé phong tan sé va goc 1éch
rotor khi thyc hién sa thai phu tai theo phuong phép sa thai phu tai dé xuat duoc
trinh bay & Hinh 2.9 va Hinh 2.10.
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Hinh 2.9: Tan sé cua h¢ thong theo thoi gian khi sa thai phu tai theo phuong
phap dé xuat trong truong hgp sy €6 ngan mach tai Bus 32

Times (s)

EEE L

Hinh 2.10: Géc Igch rotor cua cdc may phat sau khi sa thai phu tdi theo phuong
phap dé xuat trong truong hop su ¢d ngén mach tai Bus 32



Két qua so sanh giita phuong phép sa thai phuy tai dé xuit va phuong phép
sa thai phu tai truyén thong [9] trinh bay ¢ Bang 2.21.

Bang 2.21: Két qua so sanh giita phwong phap sa thai phu tai dé xuat va
phuong phap sa thai phu tai truyén thong

T‘?m $0 phuc Thm gian phuc | Lwong cong suat
hoi (Hz) hoi (s) tai sa thai (MW)
Su co Bus 32
Phuong phap sa thai | o) 5)g 50 628,2
phu tai dé xuét ’ '
Phuong phé}p sa ’théi 60.055 78 780.4
phu tai truyén thong ' :
Su ¢6 Bus 25
Phuong phép, sa thai 60.0455 40 4389
phu tai dé xuét ! '
Phuong phé}p sa ’théi 60.0750 50 448.9
phu tai truyén thong ' ,

Phan tich cac két qua mé phong & Hinh 2.8, Hinh 2.10, Hinh 2.14, Hinh
2.15 cho thiy vige thyc thi chlen lugce sa thai phu tai dé xuét gitp hé thong dién
khoi phuc duge 6n dinh tan sb sau sy ¢6 ngin mach xay ra. Cac Hinh 2.9, Hinh
2,13, Hinh 2.16, Hinh 2.17 va Bang 2.21 cho thiy gia tri tan s phuc hdi trong
khoang 60,028Hz dén 60,0455Hz. Trong khi do, phuong phap sa thai phu tai
truyén théng c6 lugng cong suat sa thai nhiéu hon tir 2,28% dén 24,2% va thoi
gian phuc hoi tan s6 cham hon tir 10s dén 28s. Nhu vay, qua trinh nhan dang
nhanh c6/khéng sa thai phu tai khi c6 su ¢ ngén mach xay ra trén hé thong dién
két hop véi giai phap diéu khién sa thai phy tai da dugc thiét 1ap trudc dua trén
thuat toan AHP da gitp day nhanh viéc ra quyet dinh sa thai phu tdi gitp khoi
phuc 6n dinh tan sb hé thong dién, qua do do tan s ctia hé thong phuc hoi vé gia
tri cho phép va thoi gian tin sb phuc hdi nhanh hon S0 v&i phuong phap sa thai
phu tai truyén théng UFLS.




Chuong 3 PHUONG PHAP SA THAI PHU TAI TREN CO SO
AP DUNG THUAT TOAN FUZZY-AHP

3.1 Pit van dé

3.2 Ky thuit mo héa va lut hoat dong [69]

3.3 Tong quan ve thuat toan Fuzzy — AHP [72]-[74].

3.4 Khao sat thir nghiém trén so' do hé thong dién chuan IEEE 37 bus 9 may
phat

Dé so sanh hiéu qua ciia phuong phép sa thai phu tai dya trén thuat toan
Fuzzy-AHP va thuat todan AHP, tién hanh thyc nghiém giai thuat dé xuat trén so
d6 hé thong dién dién hinh IEEE 37 bus 9 may phat [75] trong ca 2 truong hop
c6 md hoa va khong mo hoa. Xét truong hop mat mot may phat dién tai nat s6 4,
turong ung hé thdng dang hoat dong & cac trang thai 70%, 80%, 90% va 100%
phu tai cyc dai.

3.4.1 Nghién ciru phuwong phap sa thai phu tai dua trén viéc 4p dung thuit
toan AHP

3.4.2 Nghién ciru phwong phap sa thai phu tii dua trén viéc 4p dung thuit
toan Fuzzy-AHP [76].

Tuong tu truong hop nghién ctru trinh bay ¢ muc 3.4.1, truong hop nghién
ctru 13 truong hop mat mot may phat dién tai thanh gop s6 4 khi hé thong dang
hoat dong & cac murc tai lam cho tong cong suit ngudn phat bi gi¢i han va tan sb
bi suy gidm nhd hon gia tri cho phép. Thuc hién theo cac budc ciia md hinh thuét
toan Fuzzy-AHP da trinh bay ¢ muc 3.3.

Sép xép theo thir ty tang dan tim quan trong clia cac don vi tai. Trong bang
sap xép cac don vi tai nay, phu tai c¢6 trong sé nho hon s& duoc vu tién sa thai
trudc & cac chién luge diéu khién. Viéc thuc hién sa thai phu tai sé thuc hién cho
dén khi gia tri tan s6 khoi phuc trén gia tri cho phép. Két qua tinh toan tong hop
cho cac muc tai }rinh bay ¢ Bang 3.34.

Mo hoéa do thi phu tai twong ung voi cac ty 1€ 70%, 80%, 90% va 100%

cong suat cyc dai cua phu tai.



Muctai 1 Muctai 2 Muctai 3 Muctai 4

70% 80% 904 1009% P
Hinh 3.1: K¥ thuat mo héa muc phuy tai

Gia st truong hop phu tai dang van hanh & mirc 83% phu tai cuc dai, két
qua md hoa mic phuy tai cho thiy gia tri p2>psdo d6 chon murc tai 2 va chién
luge diéu khién CL.

So sanh phuong phap sa thai dé xuét voi truong hop sa thai phu tai theo
thuét toan AHP cho hé théng dién IEEE 37 bus 9 may phat, thi ca hai truong hop
tan s6 déu phuc hdi dén gid tri cho phép va dat gia tri gan bang voi tan sd dinh
mtrc. Tuy nhién, phuong phép sa thai theo Fuzzy-AHP c6 tong cong suét phai sa
thai it hon, nguyén nhan la do thuat toan Fuzzy-AHP giup cho viéc lya chon trong
s6 chinh x4c hon va luong cong suit sa thai vira di. Cu thé, luong cong suit sa
thai giam tir 9,44% dén 10,5%. Trong thi truong dién canh tranh, viéc giam luong
cong suat sa thai nay gitip 1am giam thiét hai do cit dién gdy ra va c6 y nghia vé
mit kinh té rat 16n. O ddy, cac qua trinh diéu chinh tin s6 ctia may phat déu dugc
xem xét. Chi tiét cua qua trinh diéu chinh tan s6 hé théng dién duoc trinh bay &
Chuong 4. Két qua so sanh giira phuong phép sa thai phu tai theo AHP va Fuzzy-
AHP trinh bay ¢ Bang 3.38.



Bang 3.31: So sanh phuong phap sa thai phu tai theo AHP va Fuzzy-AHP

Phuong
phap sa Thuat toan AHP Thuat toan Fuzzy-AHP
thai
Chién | Chién | Chién | Chién | Chién | Chién | Chién | Chién
luoc luoc luoc luoc luoc luoc luoc luoc
diéu | diéu | didu | diéu | diéu | didu | diéu | diéu
khién | khién | khién | khién | khién | khién | khién | khién
1 2 3 4 1 2 3 4
Phu tai | Lo, L4, | Lo, La, | L2, La, | Lo, Ls, | Ls, Lo, | Ls, Lo, | Ls, Lo, | Ls, Lo,
sa th{li L25, L5 L25, L5 L25 L25 L4, L8 L4, L8 L4 L4
Céng

:ll:git 8112735 | 143,69 | 161,64 | 179,62 | 113,98 | 130,11 | 146,38 | 162,65
(MW)

Tan so
phuc

hoi 59,94 | 59,99 | 59,95 60 59,91 | 59,95 | 59,86 | 59,89
(Hz)

Thoi
gian
phuc
hdi (s)

35s 40s 44s 50s 35s 40s 40s 45s

V& thoi gian phuc hdi tan s6, ca hai phuong phap déu ¢ dic diém 1a mirc
tai cang cao thi thoi gian phuc hdi tin sd cang lau. Tuy nhién, phuong phap

Fuzzy-AHP c6 thoi gian khoi phuc tan s6 nhanh hon so véi phuong phap AHP.



CHUONG 4 TINH TOAN LUQNG CONG SUAT SA THAITOI
THIEU CO XET PEN PIEU KHIEN SO CAP VA THU CAP TO MAY
PHAT DIEN
4.1 Pit van dé
4.2 T(K)ng quan vé dap wng tan sb cta hé thf')ng dién
4.3 Qua trinh diéu chinh tan s6 khi cé sw cb trong hé théng dién
4.4 Diéu chinh tin sb so Cép trong hé théng dién

Trudng hop td may c6 trang bi b diéu tbc, dac tinh phat cong suat duoc
trinh bay & dic tuyén (A) Hinh 4.3.

(H)

fi f. f_' ‘f'.._ f, f
Hinh 4.3: Dic tinh diéu chinh tin sb so cap-thir cap trong mdi quan hé giira
cOng suat va tan so
4.5 Piéu chinh tin s thir cAp trong hé thong dién

4.6 Tinh toan lwong cong suit sa thai phu tai toi thiéu dé phuc hdi tan sb vé
gia tri cho phép

4.6.1. Muc dich ciia viéc tinh toan lwgng cong suit sa thai phu tai ti thiéu
Viéc tinh toan lwong cong suét sa thai phu tai toi thidu Pis min nhim dam
bao sa thai lugng cong suét it nhdt ma van phuc hdi tin s6 hé thong dién vé gia
tri cho phép ddng thoi giam thiét hai it nhat cho khach hang tiéu thy dién.
9



4.6.2. Xay dung cong thirc tinh toan lwgng cong suit sa thai phu tai tdi thiéu

Khi x4y ra su b mat may phat, sy chénh léch giita cong suat phat va cong
sudt phu tai P| s& din dén sy chénh léch tan s6. Trang thai can bang cong suat

méi duge trinh bay theo biéu thirc sau:
n-1

P AP Z P + ZAPPrlmary control (46)
i=1 i=1
n-1 _PG
P - ZPG = AP, +Z il (4.7)
i= I i= Ri fo
n-1 n-1 —P
P->PR :—(—1).PL.D+ZA.A—'C1 (4.8)
i=1 l fo i=1 i fo
n—1 n-1 P
P—3 Ry = —(FO(R.D+ 3 ) (4.9)
= o i=1 Ri
n-1 P

bat AP =P, - ZP valg pD+Z Rn.

i=1 i

Tir biéu thire (4.9), suy ra: AP, = —Af, B (4.10)
n

Trong trudng hop ¢ xét dén cong sudt didu khién thir cip dé khoi phuc tan
s, trang thai can bang cong suat méi voi gia tri tAn sé méi f2, biéu thirc (4.6) tro
thanh:

P AP Z P + ZAPanary control + AI:)Secondary control max (4'11)

i=1

O day, APSecondary control max 12 Trong cong sudt diéu khién thir cip tdi da phat
1én hé théng dién. Luong cong suat diéu khién thtr cap nay duoc xac dinh theo
biéu thuc (4.12).

k
AF)Secondary control max — z (PGm,j - AI:)Primary control, j) (4-12)
j=1
O day, P.., 1:21 cong sudt phat tdi da cia may diéu khién tan sb tha cép j,

AP

Primary control, j la cong suét diéu khién so cap ctia may phat diéu khién thi cép j.
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Sau khi thyuc hién qua trinh diéu khién tht cp ma tan s hé théng van chua
khoéi phuc vé gia tri cho phép fep thi viée sa thai phu tai 1a diéu bat budc phai thuc
hién dé phuc hoi tan sb, lugng cong suét sa thai Pismin duoc tinh theo biéu thirc

Sau:
n-1 n-1

P AP I:>LS min Z P + ZAPanary control + AIDSecondary control max (413)

i=1

AI:)LS min P AP Z P z AR Primary control AI:)Secondary control max (4 14)

n-1

fc
AI:)LSmin = I:)L ZPG, + fp P D+ Z R . Secondarycontrol max (415)

i=1

O day: Afcp =f, - fcp 1a d6 suy giam tan sé cho phép.
Biéu thirc (4.14) duoc viét gon lai theo biéu thirc sau:

AP,

LS min

Af,
= AI:)L + f . 'IB_APSecondary control max (416)

0
4.7 Tinh toan kiém tra trén so' @6 hé thong dién chuin

Phwong phap tinh toan lwong cong sudt sa thai phu tai dé xuat dugc kiém
nghiém trén so dd hé thdng dién chuén IEEE 37 bus 9 may phat [75]. Ap dung
biéu thirc (4.16) tinh toan dugc luong cong suat sa thai toi thiéu dé phuc hoi tan

s6 vé gia tri cho phép.

Luong cong sut sa thai phu tai t6i thiéu Ploa shedding min tinh toan duoc la
17,64MW.

Két qua tinh toan va md phong tan s cua hé théng dién khi sa thai phu tai

dwa trén lugng cong suat sa thai phuy tai tdi thiéu tinh toan di dam bao giup cho

tan s6 hé thong dién phuc hoi vé gia tri cho phép 59,7Hz.
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CHUONG 5 PHUONG PHAP SA THAI PHU TAI CO XET DEN VIEC
PHOI HQP NHIEU PHUONG PHAP

5.1 D3t van dé '
5.2 Phan bo lwgng cong suat sa thai tai cac bus tai dwa trén khai niém PED
5.2.1 Khai niém khoang cach pha PED

Viéc tinh toan PED dugc thuc hién theo cac Budc sau:
Budéc 1: Trich xuit ma tran Jacobian [ Jp, 1.

Budc 2: Nghich ddo cic phan tir trong ma tran Jacobian [ Jp, ], tinh duoc

ma tran [ J ,;; ]

Budée 3: Ap dung cong thirc (5.4) tinh dwoc Dp(i,j)

Budre 4: Loc lai ma tran dé tim quan hé giira cac nut may phat véi cac nit
tai

Budic 5: Sap sép thir tw cac nit tai theo uu tién PED ting dan giita nit tai

va may phat bi su ¢b twong tuong tmg.

Biéu thirc tinh toan lugng cong suit sa thai tai cac nit tai theo PED trinh
bay ¢ biéu thic (5.7) [86]:
D

_ “Peq
I:>LSi - D 'PLS min
P,mi

Vi Dy L : (5.8)

Zi¢m D

5.2.2 Thir nghiém — Kiém tra phwong phap dé xuit trén so d6 hé thong dién
chuén

(5.7)

P,mi

Quan hé PED giira may phat JO345#1 va cac bus tai trinh bay & Hinh 5.1.
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GEN JO3452)

Bua 14 A
Bus 44

Bua 10

fass 1
Bus 53

Bus 16

Hinh 5.1: Quan hé PED giita may phat JO345#1 va cac n(t tai
So sanh hiéu qua ctia phuong phap sa thai phu tai dé xuit véi phuong phap
sa thai phu tai du6i tin sé UFLS [9]. Két qua so sanh db thi tin s6 va goc pha cua
phuong phap dé xut va phuong phap UFLS trinh bay ¢ Hinh 5.2 va Hinh 5.3.

Pheromg phap &¢ mut Phuremg plip UFLS
Hinh 5.2: Tén s sau khi sa thai phu tai ciia phuong phép sa thai phuy tai d& xuat
va phuong phap sa thai phu tai truyén thong
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Hinh 5.3: Goc 1éch rotor sau khi sa thai phu tai ciia phuong phap sa thai phu tai
dé xuat va phuong phép sa thai phu tai truyén thong

Phuong phap sa thai d& xut co luong cong suét sa thai it hon rat nhiéu so voi
phuong phap UFLS, cu thé luong cong suét sa thai giam duoc tir 82,93MW
xudng con 17,64MW. O day, gia tri tn sb phuc hdi cua phuong phap d& xuat
thap hon so voi phuong phap UFLS. Tuy nhién, gia tri ndy van trong pham vi
cho phép va chip nhan duoc (59,7Hz). Dic biét khi xem xét goc pha phuc hdi thi
thoi gian phuc hdi goc pha ctia phuong phap dé xuét trong dwong so véi phuong
phép UFLS’méc du lugng C(”)’ng suét sa thai it hon rat nhiéu.
5.3 Phan bo lwgng cong suat sa thai tai cac nit tii dua trén khai niém VED
5.3.1 Khéi niém khoang cach dién ap (\VVoltage Electrical Distance - VED)

Biéu thirc (5.12) c6 thé xem nhu dinh nghia vé VED giita hai nat i va j

[81], [87].

D, (i,J)=Dy (j.i)=-Log(a;*a;) (5.12)
Biéu thtrc tinh ton phan b lugng sa thai tai cac nut theo VED [88]:
F)LS| - g\\//: |:)LS min (513)

O day: m 1a may phat thir m; i 1a bus tai th i; Pusi lugng cong sudt sa thai
phu tai cho nut tai i (MW); Pis min luong cong suét sa thai tdi thiéu dé phuc hoi
tan s vé gia tri cho phép (MW); Dymi VED cua tai thir i tuong tng tGi may phat
bi su ¢d; Dv.eq 12 VED tuong duong ciia tit ca cac nit tai va may phat.

14



o, - : (5.14)

Zi#mDvi‘mi

5.3.2 Thir nghiém — kiém tra phwong phap dé xuit trén so' dd hé thong dién
chuan

Phuong phép sa thai phuy tai dé xuat duoc so sanh vai két qua sa thai phu
tai bang k¥ thuat sa thai phu tai truyén théng sir dung relay sa thai phu tai dudi
tan s6 UFLS[9]. Gia tri dién ap phuc hoi tai cac nut tai ciia phuong phép sa thai
dua trén VED c¢6 gia tri dién ap phuc hoi tai cac nit luén 16n hon hodc bang gia
tri dién ap tai cac nut tai khi sa thai dya trén PED. O vi tri mot s6 nat tai Bus 10,
Bus 13, Bus 16, Bus 18, Bus 21, bus 27, Bus 47, Bus 48, Bus 53 cac gia tri dién
ap phuc hdi co6 gia trj cao hon so v&i phuong phap sa thai dira trén PED. Qua do,
cho thdy hiéu qua vé mat gia tri dién ap hdi phuc ctia phuong phap sa thai dua
trén VED.

Céc két qua so sanh cho thiy trong ca hai phuwong phép sa thai phu tai, gia
trj tan s6 phuc hdi ctia hai phuong phép sa thai gan nhu tuong dwong nhau do
cing mot lugng cong sudt sa thai. Tuy nhién, thong s6 gia tri dién ap phuc hdi
ctia phuong phép sa thai phu tai dua trén VED t6t hon so véi phuong phap sa thai
phu tai dya trén PED, thong sé goc pha ctia phuong phép sa thai phu tai dya trén
PED hdi phuc sém va nhanh hon so v6i phuong phap sa thai phu tai dua trén
VED. Do dé, tity vao truong hop mong muén phuc hdi dién ap hay goc pha tot
hon ma lya chon mot trong hai phuong phap sa thai phu tai.

5.4 Phwong phap sa thai phu tii c6 xét dén cac yéu to phdi hop nhiéu phwong
phap ap dung thuit toan AHP va hé chuyén gia

Luu d6 thyc hién viéc phdi hop nhiéu phuong phap dé xép hang va phan
b lwong cong suat cat cac phuy tai trinh bay ¢ Hinh 5.11.

Quy trinh cac budc thyc hién nhu sau:

Budc 1: Xac dinh s lugng cac tiéu chi cin théa mén khi sa thai phu tai.
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Budc 2: Tinh gia tri ciia mdi tiéu chi va thuc hién chuén hoa dit liéu.

Budc 3: Ap dung thuat toan AHP dé tinh toan trong sb quan trong cta mdi
tiéu chi.

Budrc 4: Tinh toan trong s tong hop ciia timg phu tai. Gia tri nay dugc tinh
toan bang cach ldy trong sé quan trong ctia mdi tiéu chi nhan voi gia tri cua mdi
tiéu chi da dugc chuan hoa.

Budc 5: Sap xép thir hang va phan bd b lugng cong suét sa thai phu tai tai

cac nut tai dua trén trong s tong hop vira tinh toan.

B dau

v
: Thu thap di héu
v
No ;
May phat sy co +
sa tha phy tm
¥ Yes Cau hinh ot dién .1
v1 tn may phat sy co
T'ink toan Prs
Tinh todn cac g mn be 20 thm quan
trong oba ta (kés qui & Bang £ 4)
(1)
Timh t0dn cac g=a tn PED (2)
Tinh tdn ¢3¢ pid o VED (3)
Chuan hoa di heus
(1), (2). (3)
v ¢
! %o h'm,": CoRg s "h‘l“ Tinh todn trong s vhng hop vi AHP
fas chc nit ta duy= trén tromg 0 xbp heng =
tong hop
No T-2

1>59,7 Hz
¥ Yes

Két thile

Hinh 5.11: Luu d6 thuc hién viéc phéi hop nhleu phuong phap dé xép hang va
phan bd lugng cong suét cit cac phu tai

5.4.1 Tiéu chi 1: H¢ s6 tam quan trong ciia phu tii
5.4.2 Tiéu chi 2: PED
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Muc dich 1a tdp trung uu tién sa thai tai cac nat tai xung quanh hodc gin
cac may phat bi sy ¢6 ngimg hoat dong. PED giita 2 bus dugc tinh toan sir dung
quy trinh dé xuét trong myc 5.2.1. PED ctia mdi nut tai dugc chuan héa theo biéu
thure (5.15):

W - Do) (5.15)

Dp(i,j) — 25

> Dy )

Trong do, Wsp(i, j) 1a do nhay tuong hd goc pha cua bus thir i #én may phat bi su
cb thir j sau khi chudn héa; Dp (1, J) 12 PED tir bus tai ther i dén may phat bi su
cb thir j.
5.4.3 Tiéu chi 3: VED
VED giita 2 bus dugc tinh toan st dung quy trinh dé xuét trong muc 5.3.1
va két qua tinh toan VED dugc trinh bay ¢ Bang 5.6. VED cua mdi nat tai duogc
chuédn hoa theo biéu thirc (5.16):
D, (i, j)
Wo,i.i) = = - (5.16)
2.D,(i. J)
1
Trong do, WDV(i, iy 12 VED cua bus thtr i dén may phat bi sy ¢d sau khi dugc
chuan hoéa; D\, (i, J) 12 VED tir bus tai thu i dén may phat bi sy cb.
Bai toan sa thai phu tai & ddy co xét dén viéc phdi hop 3 tiéu chi nhu sau:
Tiéu chi 1: TAm quan trong cta phu tai
Tiéu chi 2: PED cuia c4c tai dén may phat bi su ¢b
Tiéu chi 3: VED cua céc tai dén may phat bi su cd.

Néu y kién cua cac chuyén gia 1a hoan hao va M duoc xay hoan toan dung
véi deé cép, bang phuong phap khao sat tri riéng cua ma tran M s€ cho ra céc tri
W:

MW=nW, W=(w1, W», W3), n-tri riéng ctia M (5.17)
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Ap dung 1y thuyét trén va y kién cua chuyén gia, xay dung duoc ma trdn

M nhu sau:
1 3 2
M=|1/3 1 1/2
172 2 1

Vecto riéng ciia ma tran phan doan M thu dugc la:
W = [Wl, W,, W, ]T = [0, 53962;0,16342;0, 29696]T

Nhu vay, ¢6 3 tiéu chi dé xem xét mot tai. Néu c6 tim quan trong clia cac
tidu chi 1a khac nhau, v6i mdi tai ap dung 1y thuyét [89]: Tir cac gia trj trong sb
cho tirng tiéu chi Wi cia ma tran W, tinh toan lai cac gia trj trong sb trong ting
phu tai bang cach nhan phéan phdi vao, sau d6 cong cac trong s ctia cac khia canh
lai theo tirng bus tai s€ dugc trong sb cudi cung, biéu thirc tinh nhu sau:

M (e ) = > W W, | (5.18)

O day, L 1a gid tri trong sé tong hop ctia mdi phu tai, W, 1a cac gié tri
trong s6 ciia ma tran W, WD, i la cac gia tri dai dién cho Wranp WDV G.i WDp(i, )
Dua vio trong sd tong hop & bang phan hang sa thai, luong cong suit sa

thai tai cac bus s€ duoc tinh nhu sau:

7

Psi =—Plsmn (5.19)
Trong d0, Pisi 1a lwong cong suét sa thai tai cac bus; Meq 1a trong sd tuong
duong cua tit ca cac nut tai, A 1a trong s6 tong hop tai bus thir i; PLsmin 12 tong

cong suét sa thai phuy tai toi thiéu;

Két qua so sanh tan s ciia phuwong phap dé xuat va phuong phap UFLS
dugc trinh bay ¢ Hinh 5.12.
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Hinh 5.12: Tan s6 sau khi sa thai phu tdi cia phuong phap dé xuit va phuong
phép truyén thong UFLS
Phuong phap sa thai phu tai UFLS c6 dap tmg tan s6 tot hon so voi phuong
phap sa thai phu tai d& xuit. Tuy nhién, gi4 tri tin sd phuc hdi ciia phuong phap

sa thai phu tai dé xuat vin ndm trong gia tri cho phép.

Két qua so sanh d phuc hdi goc 18ch rotor may phét trude va sau khi thuc
hién sa thai, cling nhu so sanh do phuc hoi goc 1éch rotor may phat cua phuong
phap dé xuét va phuong phap UFLS duoc trinh bay & Hinh 5.13 va Hinh 5.14.
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Gde Moch rotor may phat tru

—_ Ky there huén sa thay plw ta
o Goc léch rotor may phal san
/’\ khi thpe hadn sa thit phy tis
"‘Z'\ A.\ oo pharomuy phidp 36 xid
c / R ==
- 1/ N =
7o ) i

o Tine (Sey) 0 w0 & =

Hinh 5.13: Goc Iéch rotor mdy phat trude va sau khi sa thdi phu tdi theo
phuong phap dé xuat

NNV Asssasanss

IO AT MR T T
Ayt e N O L AT R
' AL G
:I."'"’ "

g

Hinh 5.14: Goc 1éch rotor may phat sau khi sa thai phu tai theo phuong phap dé
xudt va phuong phap truyén thong UFLS

Két qua so sénh cac gia tri ciia 2 phuong phap sa thai phuy tai duoc trinh
bay trong Bang 5.10.
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Bang 5.10: Két qua so sanh 2 phuong phép sa thai

Thoi gian hdi | Gia tri tan s6 hoi | Lwong tong cong
phuc (s) phuc (Hz) suét sa thai (MW)
Phuong  phap
dusi tan s6 | 10 59,87 82,83
UFLS
Phkrong phap dé 18 50,7 17,64
xuat

O day, dap tng tan sd ciia phuong phap UFLS t6t hon phuong phap dé
xuat. Tuy nhién, gi4 tri tan sé cua phuong phap dé xuét van trong pham vi cho
phép va chip nhan duoc (59,7Hz). Ngoai ra, phuong phap d& xuat c6 luong cong
suét sa thai phu tai it hon (65,19MW) so v&i phuong phap UFLS, qua d6 giam
thiéu thiét hai gayra do mat dién rat nhiéu, déng thoi thoa man dugc cac tiéu chi
rang budc vé kinh té - ky thuat: tam quan trong cua phu tai (kinh té), hé sb theo
dd nhay tuong hd goc pha, h¢ s6 theo VED. Bén canh d6, mic du gia tri tan s
phuc hodi cia phuong phap d& xuat thip hon so véi phuong phap UFLS nhung
khi xem xét goc pha phuc hi thi thoi gian phuc hdi goc pha ctia phuong phap dé
xuit trong duong so v6i phuwong phap UFLS mic du lwong cong suit sa thai it
hon rat nhiéu. Nguyén nhan la do sa thai luong 16n tai tai cic nit tai gin v6i may
phat bi ngimng hoat dong 1am cho géc pha phuc héi nhanh hon. Qua d6 chiing

minh hiéu qua ctia phuong phap dé xuat.

21



Chueng 6 = KET LUAN VA HUONG NGHIEN CUU PHAT TRIEN
CUA BE TAI

6.1 Cac két luan

Trén co s& muc ti€u va nhiém vu nghién ctru, ludn 4n da hoan thanh nhiing ndi

dung khoa hoc sau:

- Phéan tich va danh gié cac cong trinh nghién ctru sa thai phu tai trude day.
Qua d6 thay duoc cac van dé ton tai nham dé ra c4c phuong phap cai tién sa thai

phu tai trong hé thdng dién.

- P& xuét phuong phap sa thai phu tai trong cac tinh hudng khan cip nhu:
su ¢d ngan mach trén cac thanh gop va dudng day lién két hé thong dién trén co
so xdy dung hé thdng nhan dang nhanh c6/khong sa thai phu tai va phan 16p chién
lugc sa thai phu tai trén co s& ap dung mang noron va thuat toan AHP. Cac Kkét
qua khao sat v mo phong trén hé théng dién chuan IEEE 39 bus 10 may phat
cho thdy viéc thuc hién chién luoc sa thai phu tai dé xuat giup hé thdng dién giir
duoc 6n dinh tan s6 sau sy ¢d va cac nat tai duge xép hang dya trén hé s6 tam
quan trong dugc tinh toan theo thudt todn AHP. So sanh véi phuong phap sa thai
phu tai truyén thong sir dung relay sa thai phu tai dudi tan s6, phuong phap nay
¢6 luong cong sudt sa thai phuy tai it hon, tan s6 ciia hé thong dién phuc hdi vé gia
trj cho phép va giit dugc trang thai 6n dinh va thoi gian phuc hdi tan sé nhanh

hon.

- Nghién citru va trinh bay phuong phap sa thai phu tai trén co s¢ xem xét
hé s6 tim quan trong ctia phu tai. Phuong phép sa thai phu tai dé xuat 4p dung
thuat toan Fuzzy-AHP dé xac dinh hé sb tam quan trong cua phu tai va thuc hién
uu tién sa thai phu tai c6 hé s6 tim quan trong nhé trudc. Qua dé giup gidm thiéu
thiét hai vé kinh té gay ra khi cét dién. Ngoai ra, viéc m& hoa do thi phu tai gitp
giam s6 chién lugc diéu khién khi thyc hién sa thai phu tai. Cac két qua mo phong
trén so d6 hé théng dién IEEE 37 bus 9 may phat cho thiy cac trudng hop tin sb
déu phuc hoi dén gia tri cho phép.

22



- D& xuét phuong phép tinh toan lwong cong sut sa thai phu tai tbi thiéu
6 xét dén cac yéu td didu khién so cip va diéu khién thir cip t6 may phat dién
dé phuc hoi tan sb vé gia tri cho phép. Phuong phap dé xuét c6 lugng cong suat
sa thai it hon so v6i phuong phap UFLS truyén thong khi thir nghiém trén so d6
hé thong IEEE 37 bus 9 may phat.

- Pé xuat phuong phap phan bd lugng cong suat sa thai phu tai tai cac nit
tai dua trén cac khai niém PED va VED. Cac két qua thtr nghiém trén so dd hé
thong dién IEEE 37 bus 9 may phat cho thay thoi gian phuc hdi goc pha ciing
nhu dién 4p ctia phuong phap dé xuét twong duong so v6i phuong phap UFLS

truyén thong mic du lugng cong suit sa thai it hon.

- Pé& xuit phuong phap sa thai phu tai trén co s& xem xét nhiéu tiéu chi:
hé s6 tam quan trong cua phu tai, PED, VED. Viéc ap dung thuat todn AHP dé
tinh toan trong s6 cua tig tiéu chi va tinh toan trong s6 tong hop khi két hop
nhiéu muc tiéu. Cac két qua tinh toan va mo phong cho thay phuong phap sa thai
phu tai dé xuat gitp phuc hdi tin sb vé gia tri cho phép va c6 luong cong suét sa
thai it hon so voi phuong phap UFLS truyén thong, qua d6 giam thiéu thiét hai
gdy ra do mat dién, dong thoi théa méin duoc céc tiéu chi rang budc vé kinh té -
k¥ thuat.

6.2 Huéng nghién ctru phat trién cia dé tai

- Trong gi6i han dé tai chi xem xét dén truong hop phu tai ting déu nhau,
chwa xét dén phu tai thay d6i lién tuc theo thoi gian. Huéng nghién ciru phat trién
tiép theo nén xem xét cac mo hinh tai thay déi lién tuc theo thoi gian dé bai toan
da dang hon.

- Viéc xem xét phu tai trong pham vi dé tai chua xét dén thanh phan phan
tram ciia phu tai theo d¢ tin cdy cung cap dién. Huéng nghién ciru phat trién nén
xem x¢ét thanh ph?m phén tram phu tai loai 1, phy tai loai 2, va phu tai loai 3.

- Viéc xem xét thiét hai trong gidi han ctia dé tai chi xem xét thiét hai phia
phu tai. Huéng nghién ctru tiép theo cta dé tai nén xem xét dén tit ca cc chi phi:
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phat dién, huy déng ngudn du phong, ciing nhu xét dén anh hudng cua cac thiét
bi FACT.

- Xay dung mang no-ron c6 kha ning tu hoc va ty cap nhat dit liéu hudn

luyén dé dap tng su thay d6i khong nging cta hé théng dién.
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