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Tom tat:

Bai bao trinh bay phuong phap bu phan tan diéu khién tap trung két hop loc séng hai va can bang pha
nham nang cao chat lugng dién nang cho ludi dién. Giai phap ap dung hiéu qua cho cac phu tai cong
nghiép st dung dong co ba pha cong suat I6n. Thong qua viéc phan tich cac yéu té lién quan dén chat
lugng dién nang, cac giai phap nang cao chat lugng dién ap, bai bao dé xuat st dung giai phap bu phan
tan diéu khién tap trung trong d6 c6 xét dén yéu t6 cai thién hiéu suat cia dong co trong hé théng. Hé
théng bu dé xuat bao gébm cac bo bu phan tan tai méi phu tai cing véi mot bé bu trung tam dugc diéu
khién bdi mot bd diéu khién duy nhat. Bai bao dé xuat chién lugc nang cao chat lugng dién ap st dung
hén hgp cac phuang phap can bang pha, loc séng hai bac cao va bu lai cong suat phan khang gitp t6i uu
hoa tén that cong suat tac dung clia toan nha may, nang cao chat lugng dién ap cho hé théng. Qua két
qua mé phong va thuc nghiém ching minh tinh hiéu qua va kha nang Ung dung cla giai phap dé xuat.

Tu khoa:

Poéng co khong dong bo ba pha, Dao déng dién ap, Cong suat phan khang, Bu cong suat phan khang

Abstract:

This paper proposes a novel distributed compensation method with centralized control for harmonic
filtering and phase balancing, aiming to enhance power quality in power grids. The proposed solution
is particularly well-suited for industrial applications employing large three-phase induction motors.
Through a comprehensive analysis of power quality factors and voltage enhancement strategies, the paper
advocates for a distributed compensation approach with centralized control, emphasizing concomitant
improvements in motor performance within the system. The proposed compensation system comprises
distributed compensators at each load, coordinated by a central compensator governed by a single
controller. The paper outlines a strategy for enhancing voltage quality that utilizes a combination of
phase balancing, high-order harmonic filtering, and hybrid reactive power compensation. This strategy
aims to optimize total active power losses across the entire facility and elevate the system’s voltage
quality. The effectiveness and applicability of the proposed solution are validated through simulation
and experimental results.
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1. GIGI THIEU CHUNG

Hién nay, giai phap tiét kiém nang luong 1a mot
thach thitc cho cac nha khoa hoc trong va ngoai
nude. Giai phap nang cao chat luong dién ning va
tang hi¢u nang lam viéc cua cac thiét bi san xuét,
truyén tai, phan phdi dién ludn 1a giai phap ndi bat
[1-2]. Bai toan chét lwong dién ning bao gom cac
bai toan lién quan dén chat lugng dién ap (CLDA)
va chat lugng tan s6 [3], trong d6 chat luong tan sd
dugc quan 1y boi trung tim diéu do hé théng dién
qudc gia. Bai bao dé xuat nghién ctru, phan tich
CLDA do céac phu tai gay ra va tdc dong nguoc
tré lai ludi. Vi quy mo san xudt cang 16n, thiét bi
st dung cang hién dai thi hau qua cia CLBA xau
(sut 4p, tan s6 khong on dinh, xuat hién song hai
bac cao, gian doan cung cip dién,...) cang bi anh
hudng nghiém trong. Cai thién CLDA 6n dinh s&
gitp cho cac thiét bi dién hoat dong véi hiéu suit
cao, giam ton thét, nang cao tudi tho cua cac thiét
bi thi can ¢6 su phdi hop clia cac bén cung cap dién
va tiéu thy dién. Bai toan nay thuong tap trung vao
xét cac yéu td chinh ciia CLDA sau: (1) P9 léch
dién 4p so v6i dinh murc, (2) Do khong dbi xing
dién ap cuia hé thong ba pha, (3) Do khong sin dién
ap [4-5]. toan méu chdt cua viéc giam ton thét,

nang cao tudi tho thiét bi.

Véi luédi dién phan phéi, san luong dién tiéu thu
trong cac nha may, khu cong nghi¢p lon. Phu tai
cac dong co dién khong ddong bo, chiém khoang
60% trén tong s6 lwong phu tai nhung lai tiéu thu
khoang 70% san lugng dién hang ndm. Qua do
c6 thé thay, DC-KPB 1a thanh phan phuy tai chinh
trong cac nha may [6-7] do d6 bai bao d& xuit tai
1a cac dong co khong dong bo ba pha va ap dung
duong cong Nema dé t6i wu toan dién ton hao nang
lugng co xét dén hiéu xuét cua tai dong co. Giai
quyét dugc bai toan CLPA cho loai phu tai nay
khong chi giup cho viéc nang cao hiéu qua cac day
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chuyén san xuat, con gitip nha may tiét ki¢m dién

va phat trién nang luong bén vitng cho xa hoi.

Dé nang cao cht luong dién ap, c6 nhidu phuong
thirc diéu chinh dién ap nhung cac phuong phap
thuong dugc lya chon 1a loc song hai, can béng
pha va bu cong suat phan khang [4]. Trong do,
phuong phap bu cong suat phan khang chinh xac
va hop 1y sé& gitup giam dang ké luong ton thit cong
suit tic dung trén céc thiét bi dién [4-5] tir d6 1am
giam thiéu ton that dién nang trén ludi. Khi trién
khai vi tri cac thiét bi bu trong h¢ thong luéi dién
thuong chia ra cac loai nhu sau: bu tap trung phia
cao ap va ha ap, bu phan tan theo nhém phia ha ap,
bu phan tan tai timg phu tai phia ha dp. Hé thong
bui ¢6 thé chia 1am hai giai phap bu tap trung va bu
phan tan [8] voi phuong thirc diéu khién tap trung
hodc diéu khién phan tan tai timg vi tri. M&i giai
phap déu c6 wu nhuge diém riéng duge trinh bay
trong muc 2.2.

Bai bao dé xuét giai phap diéu chinh dién ap dua
trén bu cong suat phan khang dang phan tan diéu
khién tp trung dé t6i wu hoa toan dién hoat dong
cua ludi dién. Bai bao tap trung tim cach xac dinh
luong bu cong sudt phan khang tot nhat dé giam
ton that doi véi hé thong gom tai 1a cac dong co
khong dong bo dya trén phuong phap tim cyc tri
hodc phuong phép Largrange.

Trinh ty tiép theo ciia bai bdo duoc trinh bay bao
gém: Muc 2 1a phuong phap bu cong sudt phan
khang va giai phap lap dit cac thiét bi bu cong suat
phan khang. Muyc 3 dé xuét so dd dién ctia mot nha
may st dung nhiéu dong co khong dong bo va ap
dung giai phap dé xuét, thuat toan xtr 1y, két qué tinh
todn va so sanh vdi cac cong bd khac dugc trinh bay

trong muc nay. Muc 4 12 két luan cua bai bao.
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2. PHUONG PHAP BU CONG SUAT PHAN
KHANG

2.1. Phuong phap bu céng suat phan khang

C6 nhiéu phuong phap bu cong sudt phan khang
(CSPK) khac nhau [9] [10] thuong chia thanh ba
loai chinh nhu sau:

2.1.1. Bu bdng mdy bu déng bé

Phuong phéap nay c6 thé didu chinh tron cong suat
bu va c6 thé bu duong hodc 4m. Tuy nhién, nhuoc
diém cua giai phap nay 1a thiét bi cong kénh, on,
chi phi bao dudng, sira chita 16, gia thanh cao, ton
that cong sut 16n.

2.1.2. Bi tinh déng cdt theo bdc

Pay 1a phuong phap duoc thuc hién bang cach
dong cat cac tu dién tuy theo phu tai dién nham
thay doi lugng cong suat bu [9]. So db nguyén 1y
cua phuong phap duoc trinh bay nhu trong Hinh
1,trongdo S, S,,
khién. Uu diém cua phuong an nay 1a thiét bi don

...S, la cac chuyén mach c6 dicu

gian, gia thanh thip. Nén phuong an bu cong suit
phan khang nay pho bién nhét trén toan thé gi6i.
Nhuoge diém: tée do phan ung rat cham; thiét bi
khoéng thé diéu chinh tron cong suit phan khang
theo dung yéu cau cta phu tai.

S =1 | Sy« S -

0
| 1
]|

Hinh 1. Bu tinh déng cat theo béc

Do téc d phan tng cham nén thiét bj nay chua
thuc su hi€u qua trong viéc diéu chinh dién ap theo
su bién thién cia phu tai.

2.1.3. St dung cdc thiét bi bi céng sudt phan
trng nhanh (FACTS)

Thiét bi FACTS (Flexible Alternating Current
Transmission System) c6 kha ning diéu khién
céc thong s co ban cua hé théng: dong dién, dién
ap, goc pha; véi thoi gian tac dong cuc nhanh,
chiém it dién tich 1ip dat va chi phi thap, dé la
cac thiét bi [11-12].

Thiét bj FACTS c6 kha ning diéu khién linh hoat
va toc do dap ing nhanh khi hé thong thay doi. Cac
thiét bi nay c6 tic dung dé giam nhap nhay dién ap,
bu cong suét phan khang, 6n dinh luéi va ning cao
chit lugng dién ning. FACTS dugc dau nbi vao hé
thdng dién theo kiéu bu ndi tiép; bu song song hodc
c4 hai. Thiét bi FACTS hay duoc ap dung trong hé
thdng dién bao gdm cac thiét bj bu tinh SVC va thiét
bi STATCOM (Static Synchronous Conpensator).
Bén canh d6 mot thiét bi bui méi, dugc cdi tién tir
thiét bi SVC (Static Var Compensator) ciing dang
dugc sir dung goi 1a thiét bi bu lai.

a) Thiét bi bu cong suat phan khang kiéu tinh SVC

So d6 nguyén 1y ctia mot thiét bj bu theo phuong
phép SVC dugc trinh bay Hinh 2.

T

C
L

Bo diéu khién

Hinh 2. Nguyén ly cta thiét bi SVC
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Trong d6 cong suat cia SVC s& 1a cong suit
cua tu dién C va cong suét cia cudn khang L.
Thiét bi bu tinh SVC 1a thiét bi c6 thé dugc didu
chinh tron coéng suat phan khang véi téc do phan
nhanh [9], [13-15]. Qua (1) c6 thé thiy la cong
suat tong cua SVC ciing c6 thé diéu chinh tron
thong qua viéc diéu chinh tron coéng suat cudn
khang L. Tuy theo yéu thyc té thiét bi SVC duoc
thiét ké theo chirc ning bu cong suit phan khang
két hop loc song hai. Bu cong sudt phan khang
nang cao cos@ hay bu cong suat phan khang diéu
chinh dié¢n ap.

QSVC =Qc _QL(a) (D

So d6 khdi SVC ctia phuong phap diéu khién cong
suat phan khang dé diéu chinh dién ap duoc trinh
bay nhu Hinh 3 [16] ¢6 vu diém tdc d6 phan tng
nhanh, bu tron cong sut phan khang, gia thanh
thap. Tuy vay, thiét bi nay ciing c6 nhitng nhugc
diém nhu t6n that do thiét bi gy ra 16n vi phai sir
dung mot cudn khang c6 cong suit cao. Trong qué
trinh diéu chinh tron cong suat cudn khang thi thiét
bi gay ra song hai rat 16n trén ludi dién.

Dién ap so cap

Dién ap thu cap
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b) Thiét bj bu cong suat phan khang kiéu dong bo
tinh (STATCOM)

Thiét bi STATCOM [17] hoat dong dua trén
nguyén 1y bién d6i ngudn ap DC-AC véi thiét bi
luu trit nang luong thuong 1a tu dién.

Dién ap ddu ra cung pha véi dién 4p day va duogc
diéu khién dé tiéu thy hodc cung cap cong suit
phan khang twong ty nhu may bu dong bo nhung
v6i toe d6 dap ung nhanh hon rat nhidu. Ban chat
STATCOM la mot ngudn dién ap, do d6 cong suat
cta thiét bj it phu thudc vao dién ap trén thiét bi.
Khi dién ap ludi rat thip, STATCOM van lam
viéc hi€¢u qua khac véi SVC. Bén canh d6 con giai
quyét dugc cac bai toan song hai bac cao trong hé
thong dién. Nhuoc diém cua thiét bi nay co gia
thanh cao va cong kénh nén hién nay thuong dugc
sit dung dé bu cong suit phan khang, didu chinh
dién ap, trén ludi dién trung va cao ap [18].

¢) Thiét bi bu tron cong suit phan khang dwa trén
nguyén ly lai

Thiét bi bu lai 12 sy cai tién cua SVC, bao gém cac
bo tu dién méc song song dugc diéu chinh bé‘mg
cac thiét bi dién tir nhu thyristor, cong suét cua

—— e o — — — — — — — —— —— —y

Q3¢

Hé thong

df‘)ng b6 hoa

Hinh 3. So d6 khéi ciia phuong phap diéu chinh theo dién ap SVC
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cudn khang duoc diéu chinh bang cach thay dbi
gdc mé cua thyristor. Hé thong diéu khién dong
mé duge thyuc hién thong qua bo diéu khién. Cong
suat ciia cudn khang duoc chon bang cong suét cia
mot bo tu dién trén mot mach nhanh song song
Hinh 4. Thiét binay c6 uu diém la két cau gon nhe,
ton hao cong suat thap, it gdy song hai va dic biét
la gia thanh ré hon [19].

Thiét bi bu lai c6 thé gitp diéu khién tron cong
sudt phan khang theo timg pha, c6 thé diéu chinh
dién ap khi c6 su khong d6i xtng giita cac pha.
So v6i SVC, thiét bi bu lai c6 nhitng vu diém
sau: (i) Chi stir dung mot cudn khang c6 cong suét
nho gitip gia thanh thiét bi thap; (ii) Luong song
hai do cudn khang sinh ra rat nho, ti 1 thuan voi
cong suit cudn khang do d6 khong can sir dung
cac bo loc; (iii) Luong ton that cong suét rat thép,
thuong 1a dudi 0,5%. Phuong phap nay sé duogc
thyc hién va ap dung cho hé théng dé xuét trong
bai bao giai phap bu lai véi mot bo diéu khién
trung tam.

2.2. Phuong phap bé tri thiét bi bu

Bén canh cac phuong phéap bu da dugc trinh bay
trong muc 2.1, chién luge bd tri cac thiét bi bu
cling dugc nhiéu nha nghién ciru khao sat thuc
hién va lya chon phu hop v6i muc tiéu tdi uu cta
hé théng. Cac giai phap nhu bu phan tan hay bu
tap trung 1a cac phuong phap 1ap dat vi tri bu, bén
canh d6 phuong 4n diéu khién tap trung hay phan
tan ciing dugc xét dén. Trong bai bao dé xuat hé
thong bu phan tan diéu khién tip trung mang lai
t6i uru cho toan hé théng vé mit ton that cong sut

tac dung cho toan hé thong.
2.2.1. Ba tdp trung

Uu diém ndi bat cua bu tap trung 1a 1ap dit thiét
bi thuan loi, d& theo ddi, kiém tra tinh trang hoat
dong cua thiét bi; 1am nhe tai cho may bién ap, do

d6 c6 kha nang dé& dang mo rong va thay thé [8],
[20]. Trong [8] d& xuit phuong phap bu tip trung
v6i giai phap t6i wru chi phi gia thanh cho hé thong
bu. Tai liéu [21] d3 chi ra bu tap trung c6 nhiéu
vu diém nhu ton that cong suat nho, chi phi cho
tu bu thip hon bu phan tan, tuy nhién dao dong
dién ap con cao, ty s6 dao dong dién ap trong dai
tir 0,96U, dén 1,05U, . Bén canh uu diém, giai
phap nay c6 cac nhugc diém dién hinh nhu khong
kiém soat va diéu khién duoc dién 4p tai cac nut
phu tai. Dan t&i chit lugng dién 4p tai cic nut cua
phu tai va ton hao cua toan hé thong duoc khong
t6i wu.

2.2.2. Bu phdn tdn

Bu nhiéu vi tri khac nhau hay con goi 1 bu phan
tan thuong st dung khi mang dién 16n, phuc tap,
khi ché d6 tai tiéu thu theo thdi gian cua céc
nhanh thay d6i khac nhau hoc tai dong c6 nhiéu
ngudn phan tan. Hién nay hé thong bu phan tan
dang dugc nghién ctru dua vao 4p dung cho céac
mang ludi dién phan phdi, luéi dién c6 sy tham
gia cia cic ngudn nang lugng tai tao nham kiém
soat dién 4p tai cac diém nut va diéu chinh tan sd
ctia hé thong nham nang cao d¢ tin cy, giam ton
that dién nang va chia sé 1gi nhuan thu dugc cho
ca nha cung cip va ngudi dung [8] [22] [23]. Cac
nghién ctru nhu [22], [24], [25] d& xudt phuong
an bu phan tan cong suat phan khang nham t6i vu
héa dung lugng bu, giam ton hao va ting do tin
cdy cho hé théng. Hau nhu cac phuong phap bu
phan tan con tdn tai mot nhuoc diém co ban d6 1a
khéng co6 su két ndi gitra cac thiét bi bu phan tan
v6i nhau [29]; dan dén viéc diéu chinh chi thuc
hién ¢ pham vi cuc bg. va khong thé tinh toan
duogc anh hudng tuong tac giita timg phan tir phan
tan toi cac thiét bi khac trong cing hé théng. Do
d6 phuong phap nay khong thé tinh toan lugng
bu t6i vu dé tong ton thit trong hé thong nhé nhat
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ma chi tinh duoc cac lugng cong suit bu tdi uu
tai timg phan tir riéng r&. Do khong co phan do
luong o thanh cai va hé thong, khi diéu kién dién
ap tai day thay doi thi viéc diéu chinh theo dién
ap thanh cai khong thé thuc hién duoc. Tuong tu
nhu cong b [30] sir dung duong cong Q-V dé xac
dinh dung lugng bu, day la mot hé théng nho, tu
trj khong can két ndi truyén thong, hé thdng don
gian va co do tin cdy cao, nhung han ché cua hé

théng 1a kho khin khi mé rong hé thong.

Nhu vy, co thé thiy xu hudng sir dung phuong
phap bu phan tan dang 1a xu hudéng cua cac nha
nghién ciru trén thé giGi v6i nhidu nhimg vu diém
nhu: t6i wu dung luong b, tdi wu vi tri 1ap dat thiét
bi bu, t6i wu vé chi phi str dung hay téi vu ton that
cong suit tic dung cho hé théng... d6 1a nhiing
tham s gitip ndng cao hiéu ning cua cac hé thong.
Ngoai ra cac hé thong d6 con co cac chi tiéu vé
loc song hai, 6n dinh dién ap, tang do tin ciy cia
hé théng hoidc cin bang pha trong hé thong 3 pha.
Cung v6i xu hudng trén, viéc dé xuat hé thong
diéu khién bu phan tan tich hop phan thu thap dir
lidu va diéu khién giira cac thiét bi bu phan tan
hay thiét bi do ludong va diéu khién tap trung cho
toan hé thong 1a can thiét. Dé hé thong kiém soat

duoc su on dinh dién ap trén cac ntt cling nhu toi

Bl
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wu duoc ton that cong suét tac dung toan hé thong.
Bai b4o nghién ciru d& xudt giai phap bu phan tan
diéu khién tap trung, diéu nay s& duoc trinh bay cu

thé trong muc 3.

3. PHUGNG PHAP TOI THIEU TON THAT
CONG SUAT TAC DUNG

3.1. Cac phan ti chinh ctia hé théng

So db nguyén 1y cta hé thong didu chinh dién 4p
dang phan tan diéu khién tap trung dé xuit dugc
cho trong Hinh 5. Trong Hinh 5 hé thng bao gom
cac phan tir: Puong day phan phdi L, cap dién cho
nha may; Cac day dan L,L,L,L,cung cép dién
cho céc phu tai. Bai bao d& xut thir nghiém vai
ba phu tii 1a cac dong co khong dong bo ba pha
duoc tich hop bu CSPK va loc song hai. Mot thiét
bi bu CSPK trung tim gitip t6i vu hoa dung lwong
bu cho ca hé théng. Cac hé thong bao vé MCBO,
MCB1, MCB2, MCB3, MCB4, MCBS lan lugt 14
cac thiét bi bao v¢; Thiét bi CM1, CM2, CM3 1a
cac chuyén mach cho thiét bj phéan tan; CTO, CT1,
CT2, CT3 la thiét bi do ludng dong dién dé cung
cép tin hiéu cho bo diéu khién.

Heé thong diéu chinh dién ap bu phan tan diéu khién
tap trung gdm cac thanh phan sau:

Sy

Tai

]
=
(=)

I.

C,

o

-I-n .I-I |
Bé dicu khién . C, T

Hinh 4. So dé nguyén ly cta thiét bi bu lai
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va bt CSPK. va bt CSPK va bu CSPK. tim khang

Hinh 5. So dé nguyén ly hé théng diéu chinh dién ap phan tan diéu khién tap trung

Ry Xie

Ugt

Ry Xr

Re Xc Rp Xnp
ML 3L

R] Xl

Qu1
R, X,

Qw
R X5

Qus

Pi-jQy

Hinh 6. So dé dién trong nha may khi c6 thiét bi bu phan tan

Bang 1. Bang théng s6 ctia hé théng dé xuat trén Hinh 6

Thong s6 bong co' 1 bong co 2 Dong co 3

P (kW) - jQ (kVAT) 160- 799,16 200 —j 123,95 185-j114,65
Dign tr6 céc cdp ha the 16i céc 0,053+j0,0092 0,088+j0,015Q 0,070+j0,012Q
tai dong co.

Cép cao thé: R, +jX, = (32,1 +j32)x10° Q;

Cap trung thé':RC +jX. = (812,9 +j446,3)x10° Q;
MBA trung thé 110kV/22kV: R +jX_ = (16 +j440)x10° Q;
MBA ha thé 22kV/0,4kV : R_+jX_, = (1,368 + j8)x10° Q;
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Bo diéu khién tap trung; Thiét bi bu trung tam;
Thiét bi khang trung tim; Céc thiét bi bu phan tan
tai cac phy tai. Cong suat cta cudn khang nay can
chon cho phu hop véi yéu cau vé CSPK trong qué
trinh hoat dong cuia phu tai.

Bai bao dé xuat xem xét mot cau hinh cap dién cua
mdt nha may, xi nghiép dién hinh dugc trinh bay
trong Hinh 6 bao gdm: ngudn cao thé 110kV; cap
cao thé; tram bién ap (MBA) trung thé; cap trung
thé; tram bién 4p ha thé; ba phy taii= 1+3 1a 3
dong co khong déng bd; cac cap ha thé; duoc thé

(ISSN: 1859 - 4557)

hién trong Bang 1; thiét bj bu tai trung tim (Qup)

va cdc thiét bi b phan tan tai timg phu tai (Q,,, ).
Tat ca cac thong sb cua hé théng duoc do luong
thu thap vao ti diéu khién, tir 46 hé thong tinh toan
tdi wu sao cho tong t6n that nho nhat va ra 1énh
diéu khién t6i cac tu bu phan tan dong ngit cung
cép dung luong bu cho timg vi tri theo yéu ciu clia
thuat toan. Trong Hinh 6 cho biét cac thong s cua
hé thong dé xuit.

Bang 2. So sanh tdng tén that ctia hé théng sau khi bu phan tan - diéu khién tap trung (PT-TT)
véi bu phan tan diéu khién phan tan (PT-PT) va hé théng chua c6 bu hay khéng bu (KB)

AP (kW) 09U, 0,95U, L,0u, | 1,02U0, | 1,05U, L1u,
PT-TT 102,89 77,93 59,72 54,24 47,90 42,20
PT-PT 112,00 85,54 66,05 60,12 53,14 46,49
Khong bu 146,75 113,64 88,44 80,45 70,59 59,64
% Tong ton that giam khi ap dung bu PT-TT so véi hé thong truyén thong khong bu hoac bu PT-PT
AP, -AP_ . 29,89% | 31,42% 32,48% | 32,58% | 32,15% 29,24%
AP L orm AP 8,85% 9,77% 10,60% | 10,84% | 10,94% 10,17%
Bang 3. Cac nghién ctiu ¢6 lién quan da dugc cong bé trén thé gidi.
STT Vitribu | Phuong phép |Tén thit gidm Ghi chii
di€u khien (%)
[28], 2012 Phan tan Tap trung 31,00% | Hé thong str dung tu bu
[27], 2013 Phan tan Tap trung 18,41% H¢ théng nho
[26] the single-phase .
distributed photovoltaic | Phan tan Tap trung 18,66% Xét can bang pha
(PV, 2019
66,17% | St dung ngudn phan tan DG
[24], 2021 Phan tan Tap trung 23,46 % Str dung tu bu
31,98 % | Str dung DSTATCOM
Str dung tu bu
bé xuat Phan tan Tép trung 31,89 % Tinh toan CSPK st dung
phuong phap cuc tri
Str dung tu bu
bé xuat Phan tan Tép trung 32,58% Tinh toan CSPK st dung
phuong phap Lagrange
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3.2. Cac thuat toan ctia hé théng

C6 ba yéu té vé CLDN anh huong 16n nht ti higu
suét ciia DC-KDB lan luot 1a: d6 khong ddi xing
dién ap, ty 1€ song hai va do léch dién ap dinh mirc.
Hién nay di c6 rat nhiéu nhiing tiéu chuan va quy
dinh bat budc ctia phéap luat dbi véi nhitng phu tai
lam xau CLDN cua h¢ thong dién nhu: Do khong
d6i ximg dién 4p phai nho hon 5%, tong séng hai
dién 4p nhoé hon 8% va tong dong dién nhé hon
12% [31].

Thuét toan cia hé théng st dung hdn hop céc
phuong phéap duoc thé hién trong Hinh 7; sau khi
khoi tao bd didu khién, bo diéu khién trung tam
ludn cap nhat cac thong tin do tir hé théng thuec, tur
d6 1an luot kiém tra cac trang thai va thyuc hién cac
bai toan cén bang pha, loc song hai va bu CSPK
theo yéu cAu va chi tiéu dat ra. Thuét toan cua cac
chwong trinh con can bang pha, loc song hai va
bu CSPK lan luot duoc thé hién trong cac Hinh 8§,
Hinh 9 va Hinh 10.

Bo diéu khién trung tam da duoc ché tao hoan
chinh, gém ¢6 1 tu trung tAm voi cong sudt bu
thanh phan dung khang 1a 90kVAr, thanh phan
cam khang 1a 30kVAr va cac ta phan tan dugc thé
hién trong Hinh 11 v6i dung luong bu 90kVAr. Hé
thong da dugc lam thyc nghiém tai nha may thong
tin M1, An Khanh, Hoai Btrc, Ha Noi.

3.3. Két qua dat duoc

V6i hé théng ludi dé xuit, tong ton that khi hé
théng chua st dung cac thiét bi bu va st dung hé
thdng bu phan tan diéu khién phan tan truyén thong
duogc tinh toan va xac dinh. Bang 2 trinh bay chi
tiét cac két qua cla cac giai phap: Khong bu, bu
phan tan diéu khién phan tan va bu phan tan diéu
khién phan tan. Két qua cho thy phuong phap bu
méi do bai bao dé xuit c6 mat ndi bat vé mic do

giam ton that cong suat tac dung tong (giam toi

32,58 % so voi hé théng chua bu va 10,94% so véi
hé théng bu phan tan - diéu khién phén tan). Qua
khao sat cac cong trinh cong bd trén thé gidi, cac
hé thdng khao sat déu sir dung giai phap bu phan
tan diéu khién tap trung va dung phan tir thu dong
1a tu bu dwoc mo ta chi tiét trong Bang 3.

Khai tao vi didu khién
Cai dit cac tham sb hé théng

l‘—

Po cac dai legng dién ciia hé théng
Po phan tich song hai
X4c dinh cén bing ap gita cac pha

Diéu chinh d9 khéng ddi xing dién
ap cac pha
‘ Loc song hai ‘

I

‘ Bil cong suat phan khang ‘

T N

Hinh 7. Luu d6 thuét toan chinh cta hé théng

Nhén thong s6 Uy,
tir khéi tinh toan.

/ /

Tinh toan hrong cong suit Q,; dé
dién ap c4n bing

Phat 1énh didu khién Qy;

Hinh 8. Luu dé thuat toan can bang pha
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Nhén théng s6 THD, Uy, I, tie /

khéi phan tich song hai

Song hai
16n hon cho phép

Y 4

Tinh toan dong bd loc cén thiét dé
loc cac séng hai 16n nhat

|

Phat 1énh diéu khién déng bd loc

)
Hinh 9. Luu dé thuat toan loc s6ng hai

Céc théng sb ban ddu Uy, Uy ,
Céng suét cac thiét bi bl phan tan,

b trung tAm va thir ty vu tién

| Ngitdéng bo chuky lusidien |

Kiémtra P> P
Rated va UH =U >UL

Tinh toan ti wu tim ra lvong céng suat
phan khang va cac b loc tai ting phu tai

Ra lénh cho khéi dié:l.l khién dé thay
d6i cong suét cia thiét bi bu phén tan
va thiét bi trung tim

le

k

Hinh 10. Luu dé thuat toan bu CSPK
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a) Ta diéu khién trung tam

Céc bd fhyristor

]

ién, . 4. LAl

e

iét m Ngu‘én

-

Céc cudn khang

L.\

éc tu bu

Hinh 11. Cac thiét bi dugc ché tao thirnghiém

Cong bd [24] str dung thuat toan BAT dé tdi thiéu
t6n hao cong suit tac dung cho hé thong bu phan
tan khi sir dung cac thiét bi bu nhu ngudn phén tan
DG (Distributed Generation), ty, DSTATCOM
(Distribution Static Synchronous Compensator),
bai bao phan tich sy dong gop cua thuat toan dan
tGi giam ton that cong suat tac dung cho hé thong
1a 66,17% khi dung DG; 23,46% khi dung tu bu va
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31,98% khi str dung DSTATCOM [25]dé xuat hé
théng diéu khién tu dong cho hé thong ludi dién
vung Wuho. Trong [26] sit dung phuong phép bu
cong suat phan khang (CSPK) phan tan, ton that
tong giam 1én t6i 18,66% khi lap dat hé thong bu
phan tan. Tai liéu [27] dé xuit bu cong suat phan
khang t6i wu dé giam thiéu ton that phan phdi
dién trong ludi dién siéu nho thong minh, ton that
giam t6i 18,41%. Dé xuét [28] hé théng phan tan
diéu khién tap trung, hé gdm nhiéu bo dau cudi
RTU (Remote Terminal Unit ) dugc ndi véi mdi
tu hodc mdi ngudn phan tan dé do luong va truyén
tin hiéu vé bo trung tdm nham diéu khién t6i wu
dung luong bu. Hé thng t6i wu hoa ton that, 6n
dinh dién ap & muc chap nhan duoc & ty s6 1,06 -
1,035, ton that giam tir 11,6kW xudng 8kW, nhu
vay giam 31%.

Bang 3 trinh bay két qua cua cac nghién ctru cd
lién quan trén thé gidi voi cing phuong phap bu
phan tan va diéu khién tap trung. Chung ta nhan
thdy v6i giai phap dé xudt ctia bai bao ton that tong
giam ndi bat 1én tai 31,89 % khi str dung phuong
phap cuc tri va 32,58% khi st dung phuong phap
Lagrange; phan trim giam cao hon so véi cac
nghién ctru khac trén thé gidi .

4, KET LUAN

Bai bao da phan tich cac phuong phap nang cao
chat luong dién ap trong d6 bao dé xuét chién lugc
nang cao chat lugng dién ap sir dung hdn hop cac
phuong phép can bang pha, loc song hai bac cao
va bl lai cong suat phan khang gitp toi wu hoa ton
that cong suat tac dung ciia toan nha may. Pong
thoi bai bao cling da phan tich cac phuong phap
bu khac nhau, cac phuong thic lip dit va didu
khién khac nhau. Tir d6, dé xuat mot giai phap
bu phan tan diéu khién tap trung, xac dinh cong
suét bu dua viée ap dung thuat toan tdi thiéu tdn
that cong suat tic dung dya trén ham Largrange
va phuong phap cuc tri dd mang lai hiéu qua cao.
Két qua tinh toan va mo phong da cho thiy rd
viéc giam t6n that dang ké cua hé thong dé xuét
s0 vGi cong bd cua tac gia trude d6 ciing nhu cac
cong bd khac trén thé gidi. Véi cac bude thuc hién
hop 1y, thuat toan dé xuat trong nghién ctru nay
hoan toan c6 thé trién khai duoc trén ca hai linh
vuc 1y thuyét va thuc tidn. Cac két qua tinh toan,
mo phong, thuc nghiém trong cong trinh nay da
chtrng minh tinh hi¢u qua va kha nang ung dung
ctia phuong phap dé xuét. Vi vay, dé xuét c6 dong
gop dang ké vao viée van hanh va phan phéi trong

hé thong dién.
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Tac gia Nguyén Tién Diing tot nghiép dai hoc nganh Ty déng héa nam 2008 tai
Trudng dai hoc Bach Khoa Ha Noi, nhan bang Thac si nganh Ky thuat diéu khién va
Tu déng héa nam 2014 tai Hoc vién ky thuat quan su va nhan bang Tién si nganh
Ky thuat diéu khién va Tu déng héa ndam 2024 tai Hoc vién ky thuat quan su. Hién
nay tac gia la gidng vién Khoa Diéu khién va Tu ddng héa, Trudng Dai hoc Bién luc.

Huéng nghién ctu chinh: Diéu khién hé théng bu dé nang cao chat lugng dién
nang, tu déng hda trong cadc nha may, khu cong nghiép.

Tac gia Nguyén Ngoc Trung tét nghiép dai hoc nganh Hé théng dién, nhan bang Thac
si nganh Ky thuat dién tai Trudng Pai hoc Bach Khoa Ha Noéi vao cac nam 2003 va
2006; nhan bang tién si Ky thuat dién ndam 2014 tai Pai hoc Palermo, Céng hoa Italia.
Hién nay tac gia la gidng vién, Truong Dai hoc dién luc

Hudng nghién ctu chinh: Lugi dién théng minh, giam sat do ludng diéu khién tu
dong hoda va bao vé trong hé thong dién.

Tac gia Bui Thi Duyén t6t nghiép dai hoc nganh Ky thuat do va Tin hoc cong nghiép
nam 2004; nhan bang Thac si nganh Tu déng héa nam 2007, nhan bang Tién singanh
Ky thuat diéu khién va Tu dong hoa nam 2020 tai Dai hoc Bach khoa Ha Néi. Hién nay
tac gia la gidng vién Khoa Diéu khién va Tu dong hoa, Trudng Dai hoc Dién luc.

Huéng nghién ctu chinh: Hé théng do ludng diéu khién, thiét ké cac hé théng
nhing Gng dung trong diéu khién va tu dong hoa, mang cdm bién khong day,
anten va mach cao tan.
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PHUGNG PHAP KET HOP TiCH LOY TUGNG QUAN VA LOC SO DE TACH MUC TIEU RADA DI DONG

THE COMBINATION METHOD OF CORRELATION ACCUMULATION AND DIGITAL FILTERING FOR DETECTING MOVING
RADAR TARGETS

Tran Van Nghia ", Ddng Trung Hiéu ?, Truong Hitu Péng Ha ), Nguyén Van Linh @
MHoc vién Phong khong-Khéng quan, ?Truong Pai hoc Dién luc,
®Vién Ky thuat Phong khéng-Khong quan

Ngay nhan bai: 24/06/2024, Ngay chap nhan dang: 25/07/2024, Phan bién: TS. Luu Bdc Tho

Tom tat:

Trong bai bao nay, truéc tién cac tac gia nghién clru cac phuong phap tach muc tiéu rada di dong truyén
théng, sau d6, cac tac gia dé xuat phuong phéap két hgp tich lay tuong quan va loc s6 cho tin hiéu rada
c6 diéu tan tuyén tinh (Linear Frequency Modulation - LFM). Cac két qua thuc hién bang céng cu System
Generator va thi nghiém trén FPGA cho thay kha nang trién khai thuc té€ phuang phap dé xuat.

Tu khoa:
Hé théng rada diéu ché tan s6 tuyén tinh, tich lGy tuong quan, bo loc s6, bo phat hién muc tiéu rada dich
chuyén.

Abstract:

In this paper, the authors first investigate traditional methods for detecting moving radar targets, and
then propose a approach which combines correlation accumulation and digital filtering for radar signals
with linear frequency modulation (LFM). The implementation results via the System Generator tool and
FPGA testing demonstrate the practical feasibility of the proposed method.
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Linear frequency modulation radar system, correlation accumulation, digital filter, moving radar target
detector.

1. GIGI THIEU CHUNG Trong nhitng ndm gan day, viéc nghién ctru va thir

Ngdy nay, cac thi & bay khong nguoi 14 UAV nghiém cac thuat toan xur ly tin hi¢u rada diéu tan

(Unmanned Aerial Vehicle) va cac thiét bi bay ¢
nho6 nhu FlyCam duoc Gng dung va st dung rong
rdi trén nhiéu linh vuc doi séng xa hoi, gop phan
tich curc vao sy phat trién xa hoi. Tuy nhién, ching

tuyén tinh LFM dang dugc quan tim manh m& nho
vao kha nang phat hién muc ti€u ¢ cu ly xa hon
dong thoi ciing c6 kha ning phan biét cao hon theo
cu ly [1]-[5]. Trong s6 d6 c6 nhiéu thuat toan hiéu

cling dem dén nhidu mat trai khi bi loi dung dé
tién hanh mot sé hoat dong gay nguy hai téi qudc
phong an ninh, an toan hang khong va trat tu xa
héi. Do do, viéc phat hién UAV, FlyCam va céac
van dé xir 1y tin hiéu ung pho véi hoat dong cua
chung 1 chu dé mang tinh cép thiét.

qua duoc trién khai tmg dung thuc tién trong cac dai
rada hién dai. Pac biét, nho vao giai phap dé xuat
trong [5, 6], may thu rada c6 thé phan biét duoc cac
dbi trong bay dén 2-3m (xem Hinh 1), phtt hop cho
viéc phat hién cac thiét bi bay khong nguoi 1ai UAV
cd nhd va FlyCam.
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