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TOM T/fT Muc tiéu ciia bai todn OPF la t6i thiéu tdng chi phi nhién liéu cua cac nha mdy dong
thoi dam bdo van dé an ninh trong hé thong. Bdi bdo tim hiéu vé img dung phwong phap Newton vao
bai todn OPF c6 xét giao dich ving trong hé théng. Ddc biét la y tuwdng sir dung cdu triic cdy nhi phdn
dé tim kiém cdc bién trong hé thong co qui mo lon, giup loi giai bai toan OPF hgi tu nhanh. Muc tiéu
ciia bdi todn OPF ciing duwoc kiém chitng théng qua mé phong trén hé thong 6 mit trong méi truong
PowerWorld. Két qud mé phong thé hién tong chi phi nhién liéu ciing nhir tong ton thit trong hé thong
trong truong hop h¢é théng cé giao dich nhé hon so véi truong hop hé thong khéng thie hién giao dich

cong suat.

Tir khéa: OPF, phicong phdp Heuristic, hé thong dién

1. PAT VAN PE

Muc tiéu cua cac nha may la thu dugc 1gi
nhuan cao nhit trong qua trinh san xudt va
truyén tai dién nang. Muén vay, cic nha may
can phai xac dinh chi phi phat dién va chi phi
truyén tai dé lam tién dé cho viéc dinh gia dién.

Céc yéu t6 anh huong dén qué trinh phat
dién véi chi phi nho nhét 12 van hanh hiéu qua
cac t6 may phat dién, chi phi nhién liéu va ton
thit trén dudng day truyén tai. Hiu hét, cac to
may c6 hiéu sudt cao trong hé théng thuong
khong dam bao chi phi nho nhit do chung
thuong ndm trong vung ¢6 chi phi nhién ligu
cao. Bén canh d6, ton thit trén duorng day
truyén tai c6 thé 16n hon dang ké khi vi tri nha
may xa trung tim phy tai, vi thé gdy lang phi
dién nang, dac biét trong hé thong dién co
nhiéu lién két, dién ning duoc truyén tai qua
khoang cach dai, véi mat do tai cua cac viung
thip, ton thit trén duong dy 1a yéu té chinh
anh hudng dén van hanh t6i wu hé thdng.

Vi vay, xac dinh hgp 1y dién nang phat cta
cac to may va co phuong thirc van hanh hé
thong phu hop s& quyet dinh dén chi phi phat
dién va chi phi truyén tai nhat 1a trong hé thong
¢6 nhiéu ngudn nang lugng khac nhau nhur thiy
dién, nhiét dién khong tai tao (than, dau, khi,..).
Do ¢6 su khac biét vé& chi phi phat dién giira
cac loai nha mdy, phu tai gitra cac mlén va vi
tri dia 1y cua hé thong nén bai toan t6i wu phan
bd cong suat s& ¢o nhidu ¥ twéng méi khi xét
dén cac yéu td trén. Do d6, bai bio nay nghién
ciru bai toan OPF cho hé thong 6 nut, duoc

phan thanh 2 vung trén co s& chi phi phét dién,
phan bd phu tai va vi tri dia 1y, cu thé, tién
hanh tinh phan b céng sudt cho timg t& may
trong hé thdng 6 nit, 2 ving dya trén phuong
phap Newton- Raphson, nhim dén muc tiéu
téng chi phi san xudt va ton thit trong hé thong
14 bé nhit nhung c6 kiém tra diéu kién an toan
clia cic phan tir trong hé théng. Bén canh do,
dé viét ma ngudn giai bai toan OPF, bai bao di
dua ra y tuéng phén l6p cac bién trong hé
thong va st dung cau trac cdy nhi phan tim
klem cac bién (phuong phap Heuristic), gitp
toc do hoi tu cua 10i giai duoc gia ting dang ke
va tim ra két qua toi uu phén bb cong suit
trong khoang thoi gian ngén nhat [1, 2].

2. PHAT BIEU BAI TOAN OPF [3, 4]
2.1. Phat biéu bai toan OPF

Bai toan t6i wu phdn bd cong sudt co thé
duoc biéu dién nhu sau:

e Ham muc tiéu

Minimize:
2
Z(a[ +biPGi +C[PGi )+ ZVV: + szm
generators penalties penalties

Trong do: Pg; 1a lugng cong sudt phat cua
may phat thr i MW); W;, Wy, lan luot 1a ham
phat d6i voi dién 4p va cong sudt chay trén
duong day (Hinh 2).

e Rang budc cin bing

+ Téng cong‘suét tac dung va phan khang
tai mot nut phai bang 0.
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N
P =0=V, ZI[V‘“ [gkm COS(Sk -5, ) +by, Sin(sk -3, )]] —Po +Py =0

Q =0=V, i[vm [gkm Sin(ak - 8m)_bkm COS(Sk - 8m)]]_QGk +Qu, =0

m=1

+ Dién 4p tai ddu cuc may phat bang dién 4p cai dat chuan: V,,, =V,

=0

isetpoint

+ Pbi véi hé théng nhidu khu vue nhu thé hién trén Hinh 1, doi hoi cong suat trao doi trong mang

phai bing v6i cong suét trao dbi theo du kién:

P -V

int erchange

e Rang bugc khong cian b?mg:

+ Cong suit tac dung va phan khang phat
nam trong gidi han min, max:
PGimin S})Gi SPG
QGimin < QGi < QGimax
+ Ti sb du phén ap va goc léch pha may
bien 4p nam trong gidi han min, max:

imax

Lommin < tom <1

km min kmmax

akmmin < akm < akmmax

Gia tri ham
phat W;

Load 3 Load 2

a

PIZim

!

Load 1

Hinh 1. H¢ thng nhiéu ving c6
giao dich vung

> [P

scheduledint erchange =

W=k

1

imin

Vimax Vi

km ] - PSchcdulcdint erchange = 0

+ Gidi han dong cong suf’it‘ MVA chay qua
may bién 4p va duong day truyen tai:
- | S

1S 1<0

|2

km max

+ Bién d¢ dién ap nut nim trong gioi han

16n nhat va nho nhat:
Vimin S I/z S I/imax

Chu y réng, rang bugc vé cong suét phén
khang doi véi tung mday phat khong duge ké
den trong bai toan. Rang budc dugc xem xét
bang cach coi niit phat cé gidi han Q nhu mét
nat tai.

Gid tri ham
phat Wy,

A5l

t 2
K G

Hinh 2. Ham phat déi véi dién 4p ~ Hinh 3. Ham phat doi voi gidi

han dong MVA trén duong day
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ka = qukm|2 _|S
-V

l min

km max

)%

- Véi rang bude mém vé dién ap nit: k= $200/V>.

Y,

- V6i rang bude mém duong day truyén tai: k = $100/MVA®*.

2.2. Phuong phap giai

Co6 thé giai bai toan OPF bang cach ap
dung giai thuit Newton. Ung dung giai thudt
prton vao bai toan OPF dugc thé hién & luu
d0 ¢ Hinh 4.

3. HEURISTIC TOI UU PHAN BO CONG
SUAT [5, 6]

3.1. Phan 16p bién OPF

Khi viét phin mém thyc thi 10i giai bai
toan OPF, trudc hét cAn xac dinh cac bién. Dé
didu khién cac bién trong bai toan OPF mot
cach hiéu qua, can chia chung thanh 3 16p: bién
diéu khién, bién trang thai va bién rang budc.
Bién diéu khién twong tmg vé&i dai lugng ma co
thé dugc diéu khién mot cach dé dang trong
gi6i han ctia chung nham t6i thiéu chi phi. Bién

didu khién thuong 1a coéng sudt phat cia may
phat, ti s dau phan ap va goc léch pha may
bién 4p. Bién trang thai tuong tmg véi dai
lrgng ma dugc coi nhu két qua cta qué trinh
diéu khién nhung phai dugc theo doi, giam sat.
Bién trang thai gom tat ca gia tri dién ap va goc
pha trong h¢ théng. Cudi cing, bién rang budc
la b1en lién quan t6i rang budc. Bién rang budc
gdm tt ca nhén tir Lagrang. Cac bién trong bai
toan OPF duoc tong két nhu trong Bang 1.

Bén canh cac bién trong bai toan OPF, viéc
thém vao cac rang budc mém ciing khd quan
trong. V&i rang budc cung, nhan tir Lagrang
ludén dugce giam sat, nhung véi rang bude mém,
phan 16p bién thtr tw dugc thém vao la: ham
phat. Lép nay khong luu trit dir lidu bién. N6
chi 1am nhiém vu nhu mét noi ct gilt ham phat.

Béang 1. Phén lép bién trong bai toan OPF

Phén 16p bién Céc bién trong 16p

Diéu khién Pii, tkm VA Ol

Trang thai Vi va Oy

Rang budc Hpks MQks Hvisets Mints ASkms APGihs APGils MViks Avils Atkmmaxs
}\'Ikmmim }\'ukmmam }\'otkmmin

3.2. Xac dinh rang buc khong cin bing

Viée xac dinh rang budc khong can bing
c6 vai tro quan trong, quyét dinh téc d6 hoi tu
10i giai OPF. Pé viét ma ngudn OPF, sir dung
lwu d6 ¢ Hinh 5. d& xac dinh liéu nhiing rang
budc khong cén bing nao bi tac dong:

3.3. Thuit toan tim kiém

Khi giai bai toan OPF, cin phai tim kiém danh
sach céc bién diu khién, bién trang thai va cac
rang budc lién quan dén cac bién. Vi hé thong
qui md nhd, chi can su dung mdt danh sach lién
két don gian 1a du, nhung v6i hé théng c6 qui
mo 16n, qua trinh tim kiém céc bién c6 thé chi
phdi thoi gian xur ly ctia CPU, vi v¢i danh sach
lién két trong hé théng qui mo 16n, thoi gian
tim kiém trung binh ti 1¢ thuan véi mot nira s6
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phén tir trong danh sach (N/2). Vi vdy, can phai phén 1a mt cu tric dir liéu phu hop cho hé
s dung mdt cau trac dir liéu phu hop cho qué thong c6 qui mo lon. Hinh 6. trinh bay cay nhi
trinh tim kiém bang phuong phap 1ap. Cay nhi phén don gian.

v

a.  Céc rang budc khong can bang.

Nhép

b.  Gia tri ban du cta vector z

2= [Vi, 8k Pais tms Oms M |

v

» |Lap ham L c6 ké dén cac rang bude
khong céan bang

v

Tinh ma tran Gradient va ma tran
Hessian

v
Giai phuong trinh
[H]Az = VL(z) tim Az

Xac dinh nh&ng bo rang budc
khong can bang méi bang cich | [Tinh 2z, =2 ,, — Az
st dung nhén tr Larang t

Kiém tra

|Az]| < &2

Kiém tra rang budc
khong can bang c6 bi vi
pham khong?

W

[ Két thic ]

Hinh 4. Luu d6 giai bai toan OPF bing phwong phap Newton-
Raphson
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[ Bit du ]

v

Kiém tra va loai bo rang bude khong
can bang trong ham Lagrang

Co vi pham gidi han
MVA trén duong day?

Thém rang budc cimg hodc ham phat mém cho duong day

[P
<

C6 vi pham gi6i han cong
suat phan khang phat ?

Chuyén nat phat thanh nut tai

C6 vi pham gidi han dién
ap nat ?

Thém rang budc cling hoac
ham phat mém Wi

+<

Céc bién diéu khién c6
van hanh trong gidi han?

Thém rang budc

*‘
[ Két thuc ]

Hinh 5. Luu d6 OPF xéc dinh rang bugc khong can
bang tac dong
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Hinh 6. Cy nhi phan tim kiém bién
cho bai toan OPF

Cay nhi phan tuan theo qui luét rit don
gian, qui ludt nay thuyc hién nghién ctru cho
ting phén tur riéng biét cua cdy mot cach nhanh
chong. Tai mdi nut, tt ca cac gia tri bén trai
clia niit thi nho hon, va tat ca cac gia tri bén
phai cta nuat thi 16n hon. Theo phuong phéap
nay, c6 thé thdy, thoi gian tim kiém tdi da cho
mot phin tir cia cdy ti 18 véi log co s6 hai cia
s6 phén tir (log,N). Thoi gian tim kiém chéc
chin dugc tiét kiém khi sé nut trd nén rat 16n.
Xem xét mot hé théng c6 1024 phan ti:
1024/2=512 va log,1024 = 10. Nhu vay, thoi
gian nghién ctru trung binh nhanh gap 50 lan
khi tién hanh trén cay nhj phén.

Ap dung ¥ tudng nay vao bai toan OPF doi
héi céc bién tudn theo trat tur dé co thé thuc
hién viéc so sanh “nhd hon” va “léon hon”.
Trong ma nguén OPF, cac bién duoc phan chia
thanh bién diéu khién, bién trang thai va rang
bude. Thir tw uu tién 1a bién diéu khién, bién
trang thai va rang budc. Vi mot loai bién,
quyeén wu tién duoc xac dinh nhu sau:

Bién diéu khién:

1. S nat (Tir nat dau phan ap may
bién ap va goc léch pha).

2. DPén nat ddu phan ap may bién ap
va goc léch pha.

3. Loai diéu khién theo tht tu su Sép
xép: Pt vac,.

Bién trang thai:

1. S6nut.
2. Loai trang thai theo thir tu su sép xép:
Viva o,.

Rang bugc:
1. s nut (hodc s6 ving ddi voi rang bude
trao doi vung).
Dén nut d6i v6i rang bude duong day.
3. Loai rang budc theo thir tu su sép xép:

lqu’ lquﬁ /uvisez’ Mnt’ ﬂSkn'P ﬂ?gilfﬁ gib " Vilp ZVil’
ﬂi‘kmna)e /’{ﬂm’mim ﬂ’okmmaw /,i’akmmin

Céu trac cay nhi phén c6 thé dugc ap dung
theo thir tur sip xép tién trén. Sir dung céu tric
dir liéu cdy nhj phan nhim giam lwong thoi
gian tim kiém cac bién.

4. KET QUA MO PHONG TREN PHAN
MEM POWERWORLD

Giai bai toan OPF cho hé théng 6 nat, 2
vung trong cac truong hop giao dich 0, 50, 55,
60, 65, 70MW (Hinh 7, 8,9, 10, 11 va 12).
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Bing 2. Tong két thong tin kinh té cho cac truong hop giao dich

Cong suit giao dich | Chi phi & ving 1 [$/hr] | Chi phi & ving 2 [$/hr] | Téng chi phi
0 4553.45 3505.15 8058.6
50 3765.95 4147.47 7913.42
55 3687.71 4213.63 7901.34
60 3611.16 4285.69 7896.85
65 3535.36 4360.72 7896.08
70 3461.8 4440.28 7902.08
75 3388.32 4523.11 7911.43
80 3315.74 4609.73 7925.47
e MW
AREA OV s T @;::.: TOTAL HOURLY COST: 8058.60 $/hr

HOURLY COST: 4553.45 $/hr

MARGINAL COST: 16.66

\\ 20 Mvar 133

AGC ON
170 MW
50 Mvar

16.10 M

100 MW
20 Mvar

100 MW
20 Mvar

3446 Mw 69.03 MW

BUS b
0.98 pu
00.00 MVA v
10 M
33.40 M§ AREA ]::lfl
13.51 Mvar

HOURLY COST: 3505.15 $/hr
“MARGINAL COST: 12.88

Hinh 7. H¢ thong 6 nut, 2 ving, diéu khién OPF, giao dich OMW

AREA ONE

HOURLY COST: 3765.95 $/ht N\
MARGINAL COST: 15.66

100 MW
20 Mvar

57.20 Mw
-4.13 Mvar

100 MW
\ 20Mvar  170MW
\, @_lww TOTAL HOURLY COST: 7913.42 $/hr
\ BUs2 AGC ON
1.00 pu AGE ON
184 MW

45 Mvar

100MW

& 20 Mvar

40.07 Mw
20.07 Mvar

100MW

5.88 MW,
17.36 Mvar™,

AREA TWO
*\_ HOURLY COST: 4147.47 $/hr
“WIARGINAL COST: 13.07

BUS 4
1.00 pu
76.94 MW
-5.70 Mvar

4.56 MW
8.50 Mvar

BUS6
0.98 pu

Hinh 8. H¢ théng 6 nut, 2 vung, diéu khién OPF, giao dich 50MW
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100 MW

z 20 Mvar 171 MW
\ -16Mvar  TOTAL HOURLY COST: 7901.35 $/hr
AREA ONE AN BUs 2 rccon
. 1.00 pu
HOURLY COST: 3687.72 $/hr AGC ON
\ 189 MW
MARGINAL COST: 15.93 N\ g 43MIVar 4 0o Mw
9.96 Mw -20 20 Mvar
g "55.43 Myar ous 4
1.00 pu
BUS 1 29.51 Mw 79.31 MW
14.31 Mvar -6.62 Mvar
1.00 pu
59.51 Mw
130 MW
39 Mvar
AGC ON
BUS 6
0.97 pu
-3.75 Mvar ,
BUS 5 100 MW
0.97 pu 10 Mvar
by AREA TWO
100 MW .
50 Mvar HOURLY COST:  4213.63 $/hi
AGC ON "MARGINAL COST: 13.57
118 MW 100 MW
75 Mvar 20 Mvar
Hinh 9. H¢ thong 6 nut, 2 vung, di€u khién OPF, giao dich 55MW
100 MW
20Mvar  181MW
\ 2imvar  TOTAL HOURLY COST: 7896.86 $/hr
AREA ONE \,
y BUS 2 AGC ON
HOURLY COST: 3611.16 $/hr N\, loopu AGC ON
\\ 183MW
MARGINAL COST: 15,92 \,
N\ 100 MW
100 MW \ 20 Mvar
20 Mvar BUS 4
* 1.00 pu
32.94 MW 80.99 MW
BUS 1 16.16 Mvar N\ 9.45 My, +7.26 Mvar
1.00pu
130 MW
39 Mvar
B.35 MW
AGeon 10.59 Mvar
BUS 6
0.97 pu
) b 100 MW
; ‘G’ 10 Mvar
2.04 MWA AREA TWO

1036 Mvar™,
\. HOURLY COST: 4285.70 $/hr
“WARGINAL COST: 13.60

77 Mvar 20 Mvar

Hinh 10. H¢ théng 6 nut, 2 vung, diéu khién OPF, giao dich 60MW
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100 MW
\ 20 Mvar

192 MW
_osMyar  TOTAL HOURLY COST: 7896.00 $/hr

AREA ONE N\
N ‘:%?JZ ABC ON
HOURLY COST: 3535.37 $/hr \ pu AGC ON
178 MW
. b
MARGINAL COST: 15.92 \ SMvar oo

20 Mvar

100 MW
20 Mvar BUS 4
1.00 pu
82.68 MW
BUS 1 .
100pu 7.90 Mvar
130MW (o
40 Mvar "< 092 MW
AGCON 11.46 Mvar
BUS B
0.97 pu
11.98 MW 100 MW
0.97 pu 39.72 Mvar 10 Mvar
AREA TWO

100 Mw HOURLY COST:  4360.72 $/hr

S50 Mvar 1.00pu
AGC ON MARGINAL COST: 13.63
108 MW 100 MW
80 Mvar 20 Mvar

Hinh 11. H¢ théng 6 nut, 2 vung, diéu khién OPF, giao dich 65MW

100 MW

20 Mvar 203 MW
-30 Mvar TOTAL HOURLY COST: 7902.07 $/hr

AREA ONE
HOURLY COST: 3461.80 §/hr
MARGINAL COST: 15.92

100 MW
20 Mvar

39.84 Mw 84.32 MW
19.93 Mvar

100 MW
10 Mvar
. AREA TWO
“,, HOURLY COST:  4440.27 $/hr
MARGINAL COST: 13.67

104 MW @ 100 MW
83 Mvar 20 Mvar

Hinh 12. H¢ théng 6 nut, 2 vung, diéu khién OPF, giao dich 70MW

Nhén xét:

Khi giai bai toan OPF khong xét dén giao
dich ving, téng chi phi 1a 8058,6 [$ /hr].
Nhung khi tién hanh phén vung dua trén chi
phi phat, phu tai cia vung va giai bai toan OFF
khi hai ving giao dich 6SMW thi tong chi phi
san xudt cia hai viing 1a 7896,08 [$/hr], ving 2
phat 370.21 MW dé dap tmg 300MW tai ctia
ving, va cung cap cho vung con lai 65MW, v6i
lwong cong suét nhan tir ving 2, , vung 1 chi can
phat 238.44 MW 1a du cung cép cho 300MW
tai cia viing c6 ké dén tdn that va dam bao tong

chi phi toan hé théng 1 nho nhat so véi truong
hop giao dich khac. Xét riéng cho ving 1, may
phat tai nit 3 ¢6 chi phi san xuét dét hon so véi
may phat tai nat 1 cung vung. Do do, lugng
cong suit do may phat tai nat 1 phat ra nhiéu
hon so véi lugng cong suit do méay phat tai nat
3 phat.

Két luan

Bai toan OPF trong truong hop c6 giao
dich cong suat gilta cdc vung c6 tong chi phi
san xuat va tong ton thit trong hé théng nho
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gitip 10i giai hoi ty nhanh hon nhiéu 14n so véi
cach giai bai toan OPF thong thuong.

hon so véi bai toan OPF thong thuong khong
thuc hién giao dich cong suat.

Viée str dung ciu tric cdy nhj phan dé tim
kiem céc bien trong h¢ thong cé6 qui mo lon

HEURISTIC METHODE FOR OPTIMIZING POWER LOAD FLOW ANALYSIS IN
ELECTRICAL POWER SYSTEM

Quyen Huy Anh"”, Truong Viet Anh®”, Vi Thi Thanh Huong®
(1) University of Technical Education - HoChiMinh City
(2) Pham Van Dong University

ABSTRACT: The primary goal of a generic optimal power load flow problem is minimizing total
fuel costs of generating units in an electrical power system while maintaining the security of the system.
This paper presents an algorithm for optimizing power load flow analysis through the application of
Newton’s method and attends to interchange power between the different power systems. Specifically, it
will explore the implementation of data structure such as the binary tree in searching OPF variables
(controls, states, constraints) in large power system. So the OPF solution is quickly converging. The
primary goal of a generic OPF has been tested by simulation method for 6- bus system in Power World
environment. The optimal power flow results is shown that total generation fuel cost in the interchange
power case is less expensive than in no interchange power case as well as total transmission losses in
the power system are smaller.
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