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Tom tat:

Bai bao trinh bay phuang phap bu phan tan diéu khién tap trung két hop loc séng hai va can bang pha
nham nang cao chét lugng dién nang cho luéi dién. Giadi phéap ap dung hiéu qua cho céac phu tai cong
nghiép sir dung dong co ba pha céng suét Ién. Théng qua viéc phan tich cac yéu t6 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 dé cé xét dén yéu t6 cai thién hiéu suat cta dong ca trong hé théng. Hé
théng bu dé xuat bao gom cac bé bu phan tan tai méi phu tai cing véi mot bo bu trung tam dugc diéu
khién b&i mot bo diéu khién duy nhat. Bai bao dé xuat chién lugc nang cao chat lugng dién ap st dung
hén hgp cac phuong phap can bang pha, loc séng hai bac cao va bu lai cong suat phan khang gitp t6i uu
hoéa tén that cong suat tac dung clia toan nha may, nang cao chéat lugng dién ap cho hé théng. Qua két
qua mé phong va thuc nghiém ching minh tinh hiéu qua va kha nang ing dung clia giai phap dé xuat.

Tu khoa:

Dong co khéng dong bo ba pha, Dao dong 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.
Throughacomprehensive analysis of power quality factorsand voltageenhancement 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 phép tiét kiém ning luong 1a mot
thach thure cho cac nha khoa hoc trong va ngoai
nudc. 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 chat luong dién ning bao gom cac
bai toan lién quan dén chét luong dién ap (CLDA)
va chat luong tan s6 [3], trong d6 chat lugng tan s6
duoc quan 1y boi trung tdm diéu do hé thong dién
qudc gia. Bai bao dé xuét nghién ciru, phén tich
CLDA do cac phu tai gay ra va tac dong ngugc
trd lai ludi. Vi quy mo san xuat cang 10, thiét bi
st dung cang hién dai thi hau qua cia CLDA xau
(sut ap, tan sd khong on dinh, xuét hién song hai
bac cao, gian doan cung cép dién,...) cang bi anh
huong nghiém trong. Cai thién CLDA 6n dinh sé
gitip cho cac thiét bi dién hoat dong v6i hiéu suit
cao, giam ton that, nang cao tudi tho cua cac thiét
bi thi can c6 su phi hop cua cac bén cung cap dién
va tiéu thu dién. Bai toan nay thuong tap trung vao
xét cac yéu t6 chinh cia CLDPA sau: (1) Do léch
dién 4p so v6i dinh murc, (2) Do khong dbi xung
dién ap cua h¢ théng ba pha, (3) D6 khong sin dién
ap [4-5]. toan mau chdt cia viéc giam ton that,
nang cao tudi tho thiét bi.

Vi ludi dién phan phéi, san lugng dién ti€u thu
trong cac nha may, khu cong nghi¢p 16n. Phu tai
cac dong co dién khong dong bo, chiém khoang
60% trén téng sb lugng phu tai nhung lai tiéu thu
khoang 70% san lugng dién hang nam. Qua do
c6 thé thay, DC-KDB la thanh phan phu tai chinh
trong cac nha may [6-7] do d6 bai bao dé xuét tai
1a cac dong co khong dong b ba pha va ap dung
dudng cong Nema dé t6i uu toan dién ton hao ning
luong co xét dén hiéu xuét cua tai dong co. Giai
quyét dugc bai toan CLDA cho loai phu tai nay
khong chi giup cho viéc nang cao hi¢u qua cac day
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chuyén san xuat, con giup nha may tiét kiém dién

va phat trién nang luong bén vitng cho xa hoi.

Dé nang cao chat luong dién 4p, c6 nhidu phuong
thirc diéu chinh dién ap nhung céc phuong phép
thuong dugc lya chon 1a loc séng hai, can b@ing
pha va bu cong suat phan khang [4]. Trong do,
phuong phap bu cong sudt phan khang chinh xac
vahop 1y sé gitip giam dang ké luong ton that cong
suit tac dung trén cac thiét bi dién [4-5] tir 46 lam
giam thiéu ton that dién ning trén ludi. Khi trién
khai vi trf cc thiét bi bu trong hé théng ludi dién
thuong chia ra cac loai nhu sau: bu tap trung phia
cao ap va ha ap, bu phan tan theo nhom phia ha ap,
bu phén tén tai timg phu tai phia ha ap. Hé thong
bt ¢6 thé chia 1am hai giai phap bu tap trung va bu
phan tan [8] v&i phuong thirc didu khién tap trung
hodc diéu khién phan tan tai timg vi tri. Mdi giai
phap déu c6 wu nhuoc diém riéng duge trinh bay
trong muc 2.2.

Bai bao d¢ xuat giai phap diéu chinh dién ap dua
trén bu cong sut phan khang dang phan tan didu
khién tap trung dé tbi vu hoa toan dién hoat dong
cua ludi dién. Bai bao tap trung tim cach xac dinh
luong bu cong suat phan khang tot nhat dé giam
ton that d6i voi hé thong gom tai 1a cac dong co
khong ddng bd dua trén phuong phap tim cuc tri
hodc phuong phéap Largrange.

Trinh tu tiép theo ctia bai bdo dugc trinh bay bao
gém: Muc 2 1a phuong phap bu cong suit phin
khang va giai phap lap dat cac thiét bi bu cong suat
phan khang. Muyc 3 dé xuat so do dién ctia mot nha
may sit dung nhiéu dong co khong dong bo va ap
dung giai phap dé xuat, thut toan xtr 1y, két qua tinh
toan va so sanh vdi cac cong bd khac duoc trinh bay

trong muc nay. Muc 4 la 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 coéng suit phan khang
(CSPK) khac nhau [9] [10] thuong chia thanh ba
loai chinh nhu sau:

2.1.1. Bu bdng mdy bii déng bé

Phuong phap nay cé thé diéu chinh tron cong sut
bl va c6 thé bu duong hodc am. Tuy nhién, nhugc
diém cua giai phap nay la thiét bi cong kénh, on,
chi phi bao dudng, stra chita 16n, gia thanh cao, ton
that cong suét 16n.

2.1.2. Bu tinh dong cat theo bdc

Pay la phuong phap dugc thyc hién bing cich
dong cit cac tu dién tuy theo phu tai dién nham
thay d6i lwong cong suit bu [9]. So dd nguyén Iy
cua phuong phap dugc trinh bay nhu trong Hinh
1,trong d6 S, S,,
khién. Uu diém ciia phuong an nay la thiét bi don

...S, 1a cac chuyén mach c6 di€u

gian, gia thanh thip. Nén phuong an bu cong suét
phan khang nay phd bién nhét trén toan thé gioi.
Nhuoc diém: tée do phan Gng rat cham; thiét bi
khong thé diédu chinh tron cong suat phan khang
theo ding yéu cau cua phu tai.

\§
+
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1

Hinh 1. Bu tinh déng cat theo bac

Do toc @6 phan g cham nén thiét bi nay chua
thuc su hiéu qua trong viéc diéu chinh dién ap theo
su bién thién ciia phu ti.

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

Thiét bi FACTS (Flexible Alternating Current
Transmission System) c¢6 kha niang diéu khién
cac thong sé co ban cua hé thdng: dong dién, dién
ap, goc pha; véi thoi gian tac dong cuc nhanh,
chiém it dién tich lip dat va chi phi thip, d6 l1a
cac thiét bj [11-12].

Thiét bi FACTS c¢6 kha ning diéu khién linh hoat
va tc d6 dap tmg nhanh khi hé théng thay d6i. Cac
thiét bi nay co tac dung dé giam nhép nhay dién ap,
bu cong suat phan khang, 6n dinh luéi va ning cao
chat luong dién nang. FACTS duoc d4u nbi vao hé
thdng dién theo kiéu bu ndi tiép; bu song song hodc
ca hai. Thiét bi FACTS hay dugc ap dung trong hé
thdng dién bao gdm céc thiét bi bu tinh SVC va thiét
bi STATCOM (Static Synchronous Conpensator).
Bén canh d6 mot thiét bi bu méi, dugc cdi tién tir
thiét bi SVC (Static Var Compensator) ciing dang
duoc st dung goi 1a thiét bi bu lai.

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

So dd nguyén 1y ciia mot thiét bi bu theo phuong
phép SVC duoc trinh bay Hinh 2.

T £

Cc
L

B6 diéu khién

Hinh 2. Nguyén ly cua thiét bi SVC
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Trong d6 cong sudt ciia SVC s& 1a cong sudt
cua ty dién C va cong sut cta cudn khang L.
Thiét bi bu tinh SVC 1a thiét bi c6 thé duge didu
chinh tron cong suat phan khang véi toc do phan
nhanh [9], [13-15]. Qua (1) c6 thé thiy la cong
suat tong ctua SVC ciing c6 thé diéu chinh tron
théng qua viéc diéu chinh tron cong suét cudn
khang L. Tuy theo yéu thyc té thiét bi SVC dugc
thiét ké theo chirc ning bu cong suit phan khang
két hop loc song hai. Bu cong suat phan khang
ning cao cosg hay bu cong suat phan khang diéu
chinh dién ap.

QSVC = Qc - QL (@) (1

So 6 khéi SVC ciia phuong phap diéu khién cong
suat phan khang dé diéu chinh dién ap duoc trinh
bay nhu Hinh 3 [16] ¢6 wu diém toc d6 phan tng
nhanh, bu tron céng sudt phan khang, gia thanh
thép. Tuy vdy, thiét bi nay ciing c6 nhiing nhugc
diém nhu ton thét do thiét bi gay ra 16n vi phai st
dung mdt cudn khang ¢ cong suét cao. Trong qua
trinh diéu chinh tron cong sut cudn khang thi thiét
bi gay ra song hai rat 1on trén ludi dién.

Pién ap so cap |
[

v

Dién ap thu cép:
|
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b) Thiét bi bu cong suat phan khang kiéu dong b
tinh (STATCOM)

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

Dién 4p dau ra cing pha vdi dién ap day va duoc
diéu khién dé tiéu thu hodc cung cip cong sut
phan khang twong ty nhu may bu dong bd nhung
v6i toc d6 dap tmg nhanh hon rat nhiéu. Ban chat
STATCOM la mot ngudn dién ap, do d6 cong suét
ctia thiét bi it phy thudc vao dién ap trén thiét bi.
Khi dién ap ludi rat thip, STATCOM van lam
viéc hiéu qua khac voi 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 duoc
sir dung dé bu cong sudt phan khang, diéu chinh
dién ap, trén ludi dién trung va cao ap [18].

¢) Thiét bi bu tron cong suat phan khang dua trén
nguyén ly lai

Thiét bi bu lai 1a sy cai tién cia SVC, bao gdm céc
bo tu dién mac song song dugc diéu chinh béng
cac thiét bi dién tor nhu thyristor, cong suét cua

l I Hé th(“')ng
Ej :Xung dong b hoa

e 1
TCR g TSC I

Hinh 3. So d6 khai cia phuong phap diéu chinh theo dién ap SVC
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cudn khang dugc didu chinh bang cach thay d6i
goc mo cua thyristor. Hé théng diéu khién dong
m¢ dugce thuc hién thong qua bd diéu khién. Cong
sut ctia cudn khang duoc chon bang cong suét ctia
mot bo tu dién trén mot mach nhanh song song
Hinh 4. Thiét bi nay cé uu diém 1a két cdu gon nhe,
t6n hao cong suit thap, it gdy song hai va dic biét
la gia thanh ré hon [19].

Thiét bi bu lai co thé gitp diéu khién tron cong
suit phan khang theo ting pha, c6 thé diéu chinh
dién ap khi co sy khong ddi ximg giita cac pha.
So v&i SVC, thiét bi bu lai ¢6 nhitng vu diém
sau: (i) Chi str dung mot cudn khang co cong suat
nho gitip gia thanh thiét bi thap; (i) Luong song
hai do cudn khang sinh ra rat nho, ti 1é thuan véi
cong sudt cuén khang do d6 khong can sir dung
cac bd loc; (iii) Lugng ton that cong sut rat thép,
thuong 1a dudi 0,5%. Phuong phap nay s€ dugc
thuc hién va ap dung cho hé théng dé xuét trong
bai bao giai phap bu lai véi mot bo didu khién
trung tam.

2.2. Phuong phap bé tri thiét bi bu

Bén canh cac phuong phap bu da dugc trinh bay
trong muc 2.1, chién lugce bd tri cac thiét bi bu
ciing dugc nhidu nha nghién ctru khao sat thuc
hién va lya chon phi hop véi muc tiéu t6i wu cia
hé théng. Cac giai phap nhu bu phan tan hay bu
tap trung 1a cac phuong phép lap dat vi tri bu, bén
canh d6 phuong an diéu khién tap trung hay phan
tan ciing duoc xét dén. Trong bai bao dé xuat hé
thong bu phan tan diéu khién tap trung mang lai
t6i uru cho toan hé thong vé mat ton thit cong suit

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

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

d6 c6 kha nang d& dang mé rong va thay thé [8],
[20]. Trong [8] dé& xuat phuwong phap bu tap trung
v6i giai phap t61 wu chi phi gia thanh cho hé thong
bu. Tai liéu [21] da chi ra bu tap trung cé 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 sé dao dong dién ap trong dai
tir 0,96U, dén 1,05U, . Bén canh uu diém, giai
phap nay cé cac nhuge diém dién hinh nhu khong
kiém soat va diéu khién dugc dién ap tai cac nut
phu tai. Dan t6i chét lugng dién ap tai cac nut cua
phu tai va ton hao cta toan hé thong duoc khong
t6i wu.

2.2.2. Bu phdn tdn

Bu nhiéu vi tri khac nhau hay con goi 1a bu phan
tan thuong su dung khi mang dién 16n, phuc tap,
khi ché do tai tiéu thu theo thoi gian cua cac
nhanh thay d6i khac nhau hodc tai dong c6 nhidu
ngudn phén tan. Hién nay hé thong bu phan tan
dang dugc nghién ctru dua vao 4p dung cho céc
mang ludi dién phan phéi, ludi dién co sy tham
gia cia cac ngudn nang lugng tai tao nham kiém
soat dién ap tai cac diém nut va diéu chinh tan sd
ctia hé thdng nhim nang cao do tin cdy, giam ton
that dién nang va chia sé 19i nhuan thu dugc cho
ca nha cung cép va nguoi dung [8] [22] [23]. Cac
nghién ctru nhu [22], [24], [25] d& xuat phuong
an bu phan tan cong suat phan khang nham téi uu
hoa dung lugng b, giam ton hao va ting do tin
cdy cho hé théng. Hau nhu cac phuong phap bu
phén tan con ton tai mot nhuge diém co ban d6 1a
khong co su két ndi giita cac thiét bi bu phan tan
v6i nhau [29]; dan dén viéc diéu chinh chi thuc
hién ¢ pham vi cuc bd. va khong thé tinh toan
duogc anh hudng tuong tac giita timg phan tir phan
tan t6i cac thiét bi khac trong cung hé thong. Do
d6 phuong phap nay khong thé tinh toan lugng
bu t6i wu dé tong ton that trong hé théng nho nhét
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ma chi tinh duoc cac luong cong suit bu téi wu
tai ting phan tir riéng ré. Do khong c6 phan do
ludong & 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 dugc. Tuong tu
nhu céng b [30] st dung dudng cong Q-V dé xac
dinh dung lugng bu, day la mot hé théng nho, tu
tri khong can két nbi truyén thong, hé théng don
gian va co d9 tin cdy cao, nhung han ché cua hé
thdng 1a kho khin khi mo rong hé thong.

Nhu véy, c6 thé thdy xu hudng st dung phuong
phap bu phan tan dang la xu hudéng cta cac nha
nghién ciru trén thé gidi voi nhiéu nhirng wu diém
nhu: t6i vu dung lugng bu, téi wu vi tri 1ap dat thiét
bi bu, t&i wu vé chi phi sir dung hay téi vu ton that
cong suat tic dung cho hé thong... d6 1a nhiing
tham sb gitp nang cao hiéu ning ciia 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 cdy cua
hé théng hodc can bang pha trong hé théng 3 pha.
Cung v6i xu hudng trén, viéc dé xuat hé thong
diéu khién bu phan tan tich hop phan thu thap dir
liu va diéu khién giita cac thiét bi bu phan tan
hay thiét bi do luong va diéu khién tép trung cho
toan hé thong 1a can thiét. Dé hé thong kiém soat
duoc su On dinh dién ap trén cac nut cling nhu tdi

Bl
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vu dugce ton that cong suét tac dung toan hé thong.
Bai bao nghién ciru d& xuét giai phap bu phan tan
diéu khién tap trung, diéu nay s& dugc trinh bay cu
thé trong muc 3.

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

3.1.Cac phan t chinh ctia hé théng

So dd nguyén 1y cia hé thong diéu chinh dién ap
dang phan tan diéu khién tap trung dé xuét dugc
cho trong Hinh 5. Trong Hinh 5 h¢ thong bao gdm
cac phan tir: Dudng day phan phdi L, cép dién cho
nha may; Cac day dan L,L,L,L,cung cép dién
cho cac phu tai. Bai bao dé xuét thir nghiém voi
ba phuy tai 14 cac dong co khong dong bo ba pha
dugc tich hop bu CSPK va loc song hai. Mot thiét
bi bu CSPK trung tam gitip t&i wu héa dung luong
bu cho ca hé thong. Cac hé théng bao vé MCBO,
MCB1, MCB2, MCB3, MCB4, MCB5 lan luot 1a
céc thiét bj bao vé; Thiét bi CM1, CM2, CM3 1a
cac chuyén mach cho thiét bi phéan tan; CTO, CT1,
CT2, CT3 la thiét bi do luong dong dién dé cung
cép tin hiéu cho bo diéu khién.

Heé théng didu chinh dién ap bu phan tan diéu khién
tap trung gdbm cac thanh phan sau:

@BU

I, I L J . [
B diéu khién . C'T ('f ”

Ty Ti

=]

1

"

Hinh 4. So dé nguyén ly cua thiét bi bu lai
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_ Tin hiéu diéu khién

— « = Tin hiéu do lrong

Thanh cai
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va bu CSPK va bu CSPK va bu CSPK

MCB5 I:'I;Q

Bit Piéu
CSPK  khién
trung cudn

tam khang

Hinh 5. So d6 nguyén ly hé théng diéu chinh dién ap phan tan diéu khién tap trung

Ry Xy

Ut

RTl XTI
M

R-l Xl i
Q1
Re X¢ Ry X
VL
Ry 2 i
Qw
1
’%Qb'f‘rt
== Ry Xj !

Qb3

P-1Qy

P3-1Q;

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

Bang 1. Bang théng sé ciia hé théng dé xuat trén Hinh 6

Thong s bong co 1 bong co 2 bong co 3
P (kW) - jQ (kVAr) 160- 799,16 200 —j 123,95 185-j114,65
bicn r6 cdc cap ha the ticdc | 453140 009q 0,088+0,015Q2 0,070+j0,012Q
tai dong co.
Cép cao thé: R, +jX, = (32,1 +j32)x10° Q;
Cép trung ‘[hé:RC +jX. = (812,9 +j446,3)x10° €;
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 tdm; Cac thiét bi bu phan tan
tai cac phu tai. Cong suat ciia cudn khang nay can
chon cho phtt hop véi yéu cau vé CSPK trong qua
trinh hoat dong cua phu tai.

Bai bao dé xudt xem xét mot cau hinh cap dién cua
mot nha may, xi nghiép dién hinh duoc 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 ap ha thé; ba phutai i=1+31a3
dong co khong déng bd; cac cap ha thé; dugc thé

(ISSN: 1859 - 4557)

hién trong Bang 1; thiét bi bu tai trung tam Q)

va cac thiét bi bu phén tan tai ting phu tai Q)

Tat ca cac thong s cta hé thong duoc do luong
thu thap vao tu diéu khién, tir d6 hé théng tinh toan
t6i wu sao cho tong ton that nho nhat va ra lénh
diéu khién t6i cac ti bu phan tan dong ngat cung
cap dung lugng bu cho timg vi tri theo yéu cau ciia
thuat toan. Trong Hinh 6 cho biét cac thong sb ciia

hé thong dé xuét.

Bang 2. So sanh téng tén that ctia hé théng sau khi bu phan tan - diéu khién tap trung (PT-TT)
vGi 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,ou, | 1,02U, | 1,05U, L1Uu,
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 voi hé thong truyén théng khong bu hodc bu PT-PT
AV RN S— 29,89% 31,42% 32,48% | 32,58% | 32,15% 29,24%
AV R AN R — 8,85% 9,77% 10,60% | 10,84% | 10,94% 10,17%
Bang 3. Cac nghién citu cé lién quan da dugc cdng bé trén thé gidi.
STT Vitribu | Phuong phip [Ton thét gidm Ghi chu
diéu khién (%)
[28], 2012 Phan tan Tap trung 31,00% H¢ théng st dung tu bu
[27],2013 Phéan tan Tap trung 18,41% Heé théng nho
[26] the single-phase .
distributed photovoltaic | Phan tan Tap trung 18,66% Xét can bang pha
(PV, 2019
66,17% | Str dung ngudn phan tan DG
[24], 2021 Phan tan Tap trung 23,46 % Str dung tu bu
31,98 % St dung DSTATCOM
Str dung tu bu
bé xuat Phén tan Tﬁp trung 31,89 % Tinh todan CSPK st dl,lng
phuong phap cuc tri
Str dung tu bu
bé xuat Phén tan Tﬁp trung 32,58% Tinh todan CSPK st dl,lng
phuong phap Lagrange
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3.2. Cac thuat toan cia hé théng

C6 ba yéu t6 vé CLDN anh hudng 16n nhat toi hidu
suat cia DC-KDB lan luot 1a: d6 khong ddi ximg
dién ap, ty 1€ song hai va do 1&ch dién ap dinh mic.
Hién nay da c6 rat nhiéu nhing tiéu chuan va quy
dinh bat budc cta phap luat ddi v6i nhitng phu tai
lam x4u CLDN cuia hé théng dién nhu: BJ khong
dbi xtmg dién 4p phai nho hon 5%, téng song hai
dién ap nhoé hon 8% va tong dong dién nho hon
12% [31].

Thuét toan cua hé thong sir dung hdn hop céc
phuong phéap duoc thé hién trong Hinh 7; sau khi
khéi tao bo didu khién, bd diéu khién trung tam
ludn cap nhét cac thong tin do tir hé théng thue, tur
d6 1an luot kiém tra céc trang thai va thuc hién cac
bai toan can bang pha, loc song hai va bu CSPK
theo yéu cAu va chi tiéu dat ra. Thuat toan cua cac
chuong trinh con can bang pha, loc song hai va
bu CSPK lan lugt duge thé hién trong cac Hinh 8,
Hinh 9 va Hinh 10.

Bo diéu khién trung tam da duoc ché tao hoan
chinh, gébm c6 1 ti trung tim véi cong sudt bu
thanh phan dung khang 1a 90kVAr, thanh phan
cam khang 1a 30kVAr va cac ta phéan tan duoc thé
hién trong Hinh 11 véi dung luong bu 90kVAr. Hé
thong da duoc lam thyc nghiém tai nha méay thong
tin M1, An Khanh, Hoai Buc, Ha Noi.

3.3. Két qua dat duoc

Véi hé thong lusi dé xuat, tong ton that khi hé
théng chua st dung cac thiét bi bu va st dung hé
thong bu phan tan didu khién phén tan truyén thong
dugc tinh toan va xac dinh. Bang 2 trinh bay chi
tiét cac két qua cua cac giai phap: Khong bu, bu
phan tan diéu khién phan tan va bu phén tan diéu
khién phan tan. Két qua cho thiy phuong phap bu
méi do bai béo dé xuat c6 mat ndi bat vé mirc do
giam ton thit cong suat tac dung tong (giam toi

32,58 % so véi 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 duoc mo ta chi tiét trong Bang 3.

Khai tao vi diéu khién
Cai dit cac tham s6 hé théng

l‘—

Po cac dai lwong dién cua hé théng
Do phan tich séng hai
Xac dinh can bing ap giira cic pha

Piéu chinh d6 khong déi xing dién
ap cac pha
‘ Loc song hai ‘

l

‘ B cong suét phan khang ‘

A A N

Hinh 7. Luu d6 thuat toan chinh cta hé théng

Nhién théng 6 Uygsa ;
tir khéi tinh toan.

/ /

Tinh toan lwgng cong suit Q,,; dé
dién 4p can bing

i

Phat 1énh didu khién Q,;

h 4

Hinh 8. Luu d6 thuat toan can bang pha
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a) Tu diéu khién trung tam

.
IRD le bao vé
il

- e e
Nhin théng s60 THD, U, I; ttr B ‘ Cad ddu
khoi phan tich song hai e < =
Céc bd Thyristor

Song hai
16n hon cho phép

Y 4

Tinh toan déng bd loc can thiét dé
loc cac séng hai 16n nhat

.

Phat 1énh diéu khién déng bo loc

d

A 4

Hinh 9. Luu d6 thuat toan loc séng hai

Céc théng s6 ban dau Uy, Uy .
Cong suat cac thiét bi bu phéan tan,

bu trung tdm va th ty wu tién

| Ngit déng b chuky lvsidien |

Kiém tra P> P
Rated va Uy > U >Up

Tinh toan t6i wu tim ra lvong cong suét
phan khang va céc bo loc tai timg phu tai
N Cong b [24] sir dung thudt toan BAT dé t4i thiéu
Ra lénh cho khéi diéu khién dé thay

dbi cong suét cia thiét bi bi phén tan

Hinh 11. Cac thiét bi dugc ché tao thirnghiém

ton hao cong suat tac dung cho hé théng bu phan

va thiét bi trung tdm tan khi str dung cac thiét bi bu nhu nguon phén tan
&
v DG (Distributed Generation), tu, DSTATCOM

(Distribution Static Synchronous Compensator),

bai bao phan tich sy dong gop cua thuat toan dan

Hinh 10. Luu dé thuat toan bu CSPK tGi giam ton that cong suét 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 st dung DSTATCOM [25]dé xuét hé
thong diéu khién tu dong cho hé thong ludi dién
vung Wuho. Trong [26] st dung phuong phap bu
cong suét phan khang (CSPK) phén tan, ton thét
tong giam 1én t6i 18,66% khi ldp dat hé thong bu
phan tan. Tai liéu [27] dé xut bu cong suat phan
khang t6i vu dé giam thiu ton thit phan phdi
dién trong Iudi dién siéu nho thong minh, ton that
giam t6i 18,41%. Dé xuét [28] hé thong phan tén
diéu khién tap trung, hé gém nhiéu bd dau cubi
RTU (Remote Terminal Unit ) duoc ndi véi mdi
tu hodic mdi ngudn phan tan dé do luong va truyén
tin hiéu vé bd trung tam nham diéu khién tdi wu
dung lwong bu. Hé thong tdi wu héa ton that, on
dinh dién 4p & muc chap nhan dugc & 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 cic nghién ctru c6
lién quan trén thé gi6i véi cung phuong phéap bu
phan tan va diéu khién tap trung. Ching ta nhan
thiy voi giai phap dé xuét ctia bai bao ton that tong
giam ndi bat 1én téi 31,89 % khi st dung phuong
phép cuc tri va 32,58% khi st dung phuong phéap
Lagrange; phan traim giam cao hon so véi cac
nghién ctru khac trén thé gidi .

4. KET LUAN

Bai bdo da phan tich cac phuong phap ndng cao
chat luong dién ap trong d6 bao dé xuat chién luoc
nang cao chét lugng dién ap sir dung hdn hop cac
phuong phap can bang pha, loc song hai bac cao
va bu lai cong suét phan khang giap t6i uu hoa ton
that cong suit tac dung cta toan nha may. Dong
thoi bai bao cling da phan tich cac phuong phéap
bu khac nhau, cac phuong thuc lap dat va diéu
khién khac nhau. Tir d6, dé xuat mot giai phap
bl phéan tan diéu khién tip trung, xac dinh cong
sudt bu dua viéc ap dung thuat toan tbi thiéu ton
that cong suat tic dung dua trén ham Largrange
va phuong phap cuc tri d@ mang lai hi¢u qua cao.
Két qua tinh toan va mo phong di cho thay rd
viéc giam ton that dang ké cua hé thong dé xuat
s0 voi cong bd cla tac gia trude do ciing nhu cac
cong bd khéc trén thé gidi. Vi cac budce thyuc hién
hop 1y, thuat toan dé xuat trong nghién ciru nay
hoan toan c6 thé trién khai duoc trén ca hai linh
vuc 1y thuyét va thyc tién. Cac két qua tinh toan,
mod phong, thuc nghiém trong cong trinh nay da
chung minh tinh hiéu qua va kha nang ung dung
ctia phwong phap dé xuit. Vi vay, dé xuit c6 dong
gop dang ké vao viéc van hanh va phan phdi trong
hé thong dién.
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Tac gia Nguyén Tién Dlng t6t nghiép dai hoc nganh Tu dong héa nam 2008 tai
Trudng dai hoc Bach Khoa Ha Néi, nhan bang Thac si nganh Ky thuat diéu khién va
Tu dédng héa nam 2014 tai Hoc vién ky thuat quan su va nhan bang Tién si nganh
Ky thuat diéu khién va Tu ddng héa nam 2024 tai Hoc vién ky thuat quan su. Hién
nay tac gia la gidng vién Khoa Diéu khién va Tu dong hoa, Trusng Dai hoc Dién luc.

Hudng nghién ctu chinh: Diéu khién hé théng bu dé nang cao chat lugng dién
nang, tu dong hoda trong cac nha may, khu cong nghiép.

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

Huéng nghién ctru chinh: Luéi dién théng minh, giam sat do ludng diéu khién tu
donghda va bao vé trong hé théng dién.

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

Huéng nghién ctiu chinh: Hé théng do ludng diéu khién, thiét ké cac hé théng
nhing tng dung trong diéu khién va tu dong hoa, mang cdm bién khéng day,
anten va mach cao tan.
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