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Tom tat:

S6ng hai (bao gobm ca séng hai trung gian) néi riéng va chat lugng dién nang noi chung, ngay cang dugc
quan tdm trong béi cadnh hé thong dién ngay cang xuat hién nhiéu cac ngudn phat dién két noi qua bo
bién ddi dién ti cong sudt. DE dam bédo cac yéu cau ky thuat cho hé théng dién, cac phu tai hay nguén
phat dién két néi vao hé théng dién ludn phai dap ting gidi han vé séng hai phat sinh dugc quy dinh
trong cac van ban quy pham phap luat lién quan. Bai bao nghién ctiu téng quan cac quy dinh lién quan
trong ki€ém soat séng hai trong hé théng dién dang duoc 4p dung tai Viét Nam, cé tham chiéu tdi cac
tiéu chuan qudc té, qua d6 cung cap ngudn tham khao cho cac don vi bién soan tiéu chuan, quy dinh
vé van dé song hai noéi riéng va chat lugng dién nang noéi chung trong hé théng dién. Déng thai, gép
phan tiéng nang cao chat lugng phuc vu clia hé théng dién, ddm bao cung cap dién chat lugng, an toan
va hiéu qua.

Tu khéa:

Soéng hai, séng hai trung gian, tiéu chuin séng hai, gidi han séng hai, chat lugng dién nang

Abstract:

Harmonics (including interharmonics) in particular and power quality in general are increasingly
concerned in the context of the power system with more and more power generation sources connected
through power electronic converters. In order to ensure the technical requirements for the power system,
the loads or power generation sources connected to the power system must always response the limits
on harmonics that arise specified in relevant legal documents. This paper provides an overview of the
relevant regulations in harmonic control in the power system being applied in Vietham reffered to
international standards. The paper would be a reference source for divisions compiling standards and
regulations on harmonics in particular and power quality in general in the power system. It will also
contribute to improving the service quality of the power system, ensuring quality, safety and efficiency

of power supply.
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1. DAT VAN DE

Song hai noi riéng va chat lugng dién ning noi
chung, ngay cang duoc quan tim nhiéu hon khi
su da dang cua céac thanh phén phu tai, thiét bi
dién, ngudn phat dién (hay ngudn dién) trong
hé thong dién (HTD) ngiy cang ting. Song
hai xuat hién nhu mot dac diém cé hitu cua
cac thiét bi dién tir cong suat. Khi cac ngudn
dién gio, dién mat troi... két ndi 1én ludi dién
qua cac bd bién doi (goi chung 12 ngudn dién
IBR — Inverter Based Resources) ngay cang
nhiéu, van dé song hai va chét lugng dién ap
trén ludi dién cang can phai duoc kiém soat
nghiém ngat hon.

O hau hét cac nudc, khi cac nguon IBR két ndi
ludi thi tong bién dang song cling nhu do bién
dang cua timg séng hai riéng 1¢ déu phai tham
chiéu théa man cac giéi han quy dinh trong
céc tiéu chuan, dién hinh nhu IEEE-519 va
IEC-61000-3-6 [1], [2]. Hai tiéu chuan nay co
nhimng diém khac biét can chu y khi ap dung
nén mét s6 nudc da xay dung cac ti€u chuan,
quy dinh phu hop riéng [3]. Ngoai ra, viéc ap
dung céc tiéu chudn va quy dinh vé song hai
can cin cr vao tung ciu trac ludi dién khac
nhau dé dua ra cac muc g161 han cu thé.

Tai Viét Nam, yéu ciu ky thuat gi61 han song
hai va chét lugng dién nang trén luoi dién va
hé théng dién duoc quy dinh trong cac vin
ban phap quy [4]-[6]. Tuy nhién, trong thuc
té ciing c6 nhiéu vudng mac khi ap dung nhu
kho phan biét dugc khai niém cac diém két
nbi (PCC) hay ddi tugng 4p dung ciing nhu
chua o cac truong hop riéng ddi véi timg khu
vuc dac thu. Pac bi¢t, khai niém va quy dinh
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vé song hai trung gian (interharmonics) hi¢n
chua duogc dé cap.

Céac phan tiép theo cua bai bao s& phan tich
ro cac khai niém, nguén géc va dic diém cua
song hai cling nhu song hai trung gian. Thong
qua phan tich céc ti€u chi danh gia trong quy
dinh hién hanh cta Viét Nam cung cac chuan
quéc té lién quan, chi rd nhiitng su khac biét,
ton tai trong dénh gia song hai va giai phap.

2. SONG HAI VA SONG HAI TRUNG GIAN
2.1. Khai niém chung

Mot song didu hoa c6 thé phan tich thanh tong
ciia cac thanh phan séng diéu hoa co tan sd
khac nhau nhu (1).

z(t) = hiXh sin (h.2.7 f .t) (1)

Trong do:

h 1a mot s thue duong;

hume 12 b0i 56 160 nhét duge xét;
£ 1a tan s co ban;

X, 1a bién do cua song di€u hoa dao dong voi

tansd f,=hf .

Song hai va song hai trung gian déu la cac
song diéu hoa co tan sb 16n, 13 boi sb cua tan
s6 co ban. Ung véi cac boi s6 nguyén 1a khai
niém song hai, con véi boi sé khong nguyén
tuong ung la khai niém song hai trung gian.
Trong hé thong dién, song hai hay song hai
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trung gian ciia dién ap dugc sinh ra tryc tiép
tr song hai hay song hai trung gian cua dong
dién, lién quan toi dic tinh phi tuyén cua cac
phan tir [7], [8]. Ngoai ra céac lién két HVDC
cling 12 ngudn sinh song hai va 1a trung gian
lan truyén song hai trong HTD. Khi HVDC
lién két giita cac hé théng dién xoay chiéu
khong cung tan s6 s& 1a ngudn sinh song hai
trung gian [8]-[10]. Cac nha may dién mat
troi khi co su thay ddi lién tuc cua cuong do
birc xa mat troi, hay céc trang trai dién gio co
sy dao dong mo-men co cua cac tuabin gio khi
toc do gio thay doi cing 1a cac ngudn phat sinh
cac thanh phan song hai trung gian trong song
dién ap [4], [10], [11].

2.2.Panh gia song hai

Pé danh gia séng hai trong HTD, tong bién
dang song hai di¢n ap va dong di¢n, cling nhu
téng bién dang theo nhu cau (séng hai dong
dién) thuong duoc st dung [1], [2].

Téng bién dang song hai dién ap (THD — Total
Harmonic Distortion) dugc xac dinh qua ti 1€
cac thanh phan song hai véi thanh phan co ban
(theo don vi %) nhu (2).

(2)

THD = 7 X 100

Trong do:

U, 1a gia tr1 hiéu dung cua dién ap & tan s6 co
ban;

U. 1a gia tri hiéu dung cia song hai dién ap
bac h(h=>2);

hwex 12 bac cao nhat cua song hai can danh gia.

Téng bién dang séng dong dién (THD) cling
¢6 thé duogc xac dinh theo (2), tuy nhién, trong
nhiéu trudong hop phu tai thap, tirc thanh phan
co ban I, nho, dan t6i viéc danh gia theo THD,
1a khong tuong xtmg. Do vy, d6i voi dong
dién, khai niém téng bién dang theo nhu ciu
(song hai dong dién) duoc sir dung. Tong bién
dang theo nhu ciu (7DD — Total Demand
Distortion) 1a ti 1¢ gitra gia tr1 hi¢u dung cua
cac thanh phan song hai dong dién voi gia tri
hiéu dung cua dong dién phu tai 1on nhét theo
cong thuc (3).

3)

Trong do:

I, 1a gia tri hiéu dung cua song hai dong dién
bac h(h=>2);

h...x 1a bac cao nhat cua song hai can danh gia;

I, 1a gia tri hiéu dung cua dong dién ¢ tan
s6 co ban khi cong suat phu tai 16n nhét. Khi
dong dién phu tai 16n nhét khé xac dinh, c6 thé
lay gié tri phu tai dinh muc.

Bén canh téng bién dang song, can cht y danh
gi4 bién dang cta timg song hai riéng 16 (JHD
- Individual Harmonic Distortion) nhu sau:

X

IHD = X, < 100 4
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Trong do:
X ¢6 thé 1a dién ap (U ) hodc dong dién (7 );

X, la gia tri hi¢u dung cua séng hai bac
h(h>2);

X, 1a gia tri hiéu dung cua thanh phan tham
chiéu, v6i dién 4p 1a thanh phan co ban, dong
dién la gia tr1 dong dién phu tai 16n nhéat.

2.3. Panh gia séng hai trung gian

Pé co6 thé quan sat ddy du cac thanh phan
song hai trung gian, khi phan tich pho song
hai cua cac song diéu hoa theo Fourier yéu
cau ctra s6 14y mau 1a 10 chu ky dong dién
voi ludi dién tan sé S0Hz dé dam bao céc
phén tich duoc cac thanh phan séng hai 1é
tung SHz, Hinh 1.

Nhom con ~ Nhom Nhom song ~ Nhom con
song hai  song hai hai trung song hai
h+1 gian trung gian
h+2 h+3
’”Hll H‘ I wwl]
h+1 h+2 h+3 h+4
Bdc song hai

Hinh 1. Phé hai phan nhém va nhém con séng hai
va song hai trung gian

Cac khai niém nhém song hai (harmonic
group) va nhom séng hai trung gian
(interharmonic group), nhém con song hai
(harmonic subgroup) va nhom con séng hai
trung gian (interharmonic subgroup) dugc st
dung trong tinh toan, Hinh 1 [15]. D1 kém vo1

do 1a céc chi s6 dugce dé xuat dé danh gia muc
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d6 bién dang d6i voi cac nhom 1a THDG va
danh gia muc d6 bién dang dbi voi cac nhom
con 1a THDS [3], [15], [16].

3. PANH GIA SONG HAI TRONG QUY PINH
HIEN HANH

3.1.Quy dinh danh gia séng hai trén thé gigi

Khi danh gia soéng hai néi riéng va chét lugng
dién ning noéi chung, nhiéu nudc tham chiéu
t6i tiéu chuan va cac bao cao ky thuat IEC
61000 [1] va tiéu chuan IEEE-519 [2]. Vé
co ban, IEEE 519 duoc thira nhan boi ANSI
danh gia song hai tai diém két ndi chung cua
cac ngudn, phu tai phat sinh song hai, tic
anh huong t&1 van hanh va on dinh cua hé
théng dién & moi cap dién ap. Trong khi IEC
dua ra IEC 61000, danh gia rong hon & nhiéu
khia canh cua chét lwgng dién nang, su tuong
hop dién tir giita thiét bi va ludi dién, phu
hop trong danh gia anh hudng cua cac ngudn
dién phan tan va cac phuong thuc van hanh
méi cia HTD dé khoa 1ap thiéu hut vé danh
gia mirc nhiéu trong khoang 2 + 150 kHz
[12], [13].

Tuy thudc vao dac diém riéng cua tung nudc,
khu vuc ma viéc tham chi€u la khac nhau, cu
thé nhu trong Bang 1.
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Bang 1. Tham chiéu/ap dung tiéu chuin danh gia
so6ng hai trén thé gigi

Nudéc/khu Tiéu chyé‘in Tham chiéu chinh
vue ap tham chieu/ap
dung dung
Bic My IEEE 519 | Kiém soat song hai
muc hé thong

Nam My IEEE 519 Chat luong dién ap
IEC 6100 va song hai

Chau Au IEC 6100 Chat luong dién
EN 50160 ap, EMC

Nga/Tay GOST EMC va song hai

Au

Chau A IEEE 519 Ap dung timg phan
IEC 6100

Trung IEEE 519 Tuong hop thiét b

bong IEC 6100 va muc hé thong

Chau Phi IEEE 519 Chat luong dién ap
IEC 6100 va song hai

3.2. Quy dinh vé s6ng hai cia Viét Nam

O Viét Nam, hién chua c6 tiéu chuin riéng
vé chat luong dién niang ciing nhu séng hai.
Céc yéu cau vé song hai nim trong mot sé quy
dinh cua Bo Cong Thuong (BCT) cho tung
cap dién ap cia HTD.

Dbi v6i hé thong dién truyén tai, Diéu 8 Thong
tu s6 25/2016/TT-BCT va sira ddi bd sung
trong Thong tu 30/2019/TT-BCT [5], [14] quy
dinh gia tri cuc dai cho phép cua tong bién
dang song hai dién ap va tong bién dang theo
nhu cau (séng hai dong dién) do cac thanh
phan séng hai bac cao gy ra dbi véi cac cap
dién ap 220 kV va 500 kV khong vuogt qua 3%.

Gia tri nay c6 do vénh kha 16n so véi 1,5 %
trong IEEE 519-2022.

Trong khi d6i voi hé théng dién phan phdi,
Thong tu s6 39/2015/TT-BCT quy dinh vé
tong bién dang song hai dién 4p tham chiéu
chu yéu toi IEEE 519 va tong bién dang theo
nhu cau (song hai dong dién) dugc tham
chiéu t6i tiéu chuan IEC 610003-6 khi xét
t6i truong hop khach hang dau ndi véi ludi
dién [6]. Cac yéu cau vé song hai nhu trén
dugc diéu chinh trong Théng tu s6 30/2019/
TT-BCT, yéu cau cao hon cho ludi dién trung
ap THD < 5% so voi gioi han cho ludi dién
ha ap 1a THD < 8% [14], keém voi do la cac
gia tri quy dinh khéac cho cac song hai riéng
1¢. P6i véi song hai dong dién ¢ cap dién ap
110kV, cac nha may dién dau ndi vao ludi
dién phan phdi gdy ra bién dang song hai theo
nhu cau khong vuot qua 3%, trong khi yéu
cau nay vé6i phu tai két ndi 1a 4%. Gigi han
nay dugc “ndi long” & cip trung ap nhung
cting khong vuot qua 8%. Tuy nhién, trong
céc thong tu ciia BCT khong dé cép tdi yéu
cdu bac song hai 16n nhét can xét 1a 50 nhu
cac tiéu chuan qudc té.

G101 han song hai dugc quy dinh trong cac tiéu
chuan ciing c¢6 su khac biét vé giéi han song
hai dién ap thé hién ¢ Bang 2, vé gidi han song
hai dong dién trong ludi dién phan phdi trung
ap (20<Isc/IL<50), thé hién ¢ Bang 3 [2]. C6
thé thay rang, quy dinh vé gi6i han dién ap hai
ctia Viét Nam tham chiéu theo céc gia tri trong
IEEE 519 xét tai diém PCC, do vay, nd cling
c¢6 d6 vénh twong d6i 16n so véi IEC 61000-
3-6.
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Bang 2. So sanh giéi han vé s6ng hai dién ap &

LPP trung ap
Béc song hai IEC IEEE Viét Nam
61000-3-6 | 519-2022
5 5% 3% 3%
7 4% 3% 3%
11 3% 3% 3%
13 2,5% 3% 3%
17 1,6 % 3% 3%
19 1,2 % 3% 3%
23 1,2 % 3% 3%
25 1,2% 3% 3%
THD 6,5 % 5% 5%

Bang 3. So sanh gidi han vé séng hai dong dién
phu tai & LPP trung ap

Béc song IEC IEEE Viét Nam

hai 61000-3-6 | 519-2022
5 5% 7 % 7%
7 5% 7 % 7%
11 3% 3,5% 7 %
13 3% 3,5% 7 %
17 1,7 % 2,5 % 7 %
19 1,4 % 2,5 % 7 %
23 0,95 % 1,0 % 7 %
25 0,8 % 1,0 % 7 %

TDD - 8 % 8%

Su khac biét 16n thé hién trong quy dinh vé giéi
han song hai dong dién riéng 1¢ khi thong tu
cua BCT chi ra mot mtrc chung 1a 7% cho céac
thanh phan riéng 1¢ ma khong dé cap toi mdi
tuong quan vé do manh/yéu ctia HTD (ti & Isc/
IL), trong khi TDD cung la 8%. IEC 61000-3-6
mac du khong dua ra bang gidi han song hai
dong dién cho nhiéu truong hop, nhung ciing
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chi ra rang cac gidi han d6 phu thude vao ti 1€
gifra cong suat phu tai va ngudn dién.

3.3. Két néi cac ngudn dién méi va quy dinh vé
song hai trung gian

Vi cac ngudn dién gio va mit troi, dic diém
chung 14 sy khong on dinh gi6 va ning gay ra
song hai trung gian. Tuy nhién, hién chua co
quy dinh nao cua Viét Nam dua ra khai niém
va gi6i han ddi v6i song hai trung gian. Tuong
tu, IEEE 519 khong c6 quy dinh vé giéi han
cho soéng hai trung gian trong khi IEC 61000-
3-6 ¢6 chi ra mtc 0,2% vé dién ap hai trung
gian dé tranh nhap nhay va anh huong téi do
luong va diéu khién [12].

Tiéu chuan IEEE 2800-2022 [17] 1a mot tiéu
chuan méi vé két ndi cac nha may dién gio,
mat troi két ndi v6i ludi dién qua bo bién doi
(ngudn IBR) ciing nhic t6i bién dang song hai
dong dién va dién ap tai diém két ndi khong chi
tir ngudn IBR gy ra ma con do su tuong tac
giita nguon IBR va hé théng két nbi. Po manh/
yéu ciia HTD va song hai hién hitu trén hé
théng c6 anh hudng 16n téi mac do bién dang
song hai d6. Pé han ché anh hudng ciia song
hai, khai niém tong d6 méo dang dong dinh
muc (TRD - Total Rated-Current Distortion)
duoc tinh toan nhu sau:

VL — It

= 5
TRD T )

Trong do:

I, 1a gia tr1 hiéu dung ctia dong dién co ban do
tai diém két ndi;
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I, 1a dong dinh muc ciia ngudn IBR tai diém
két ndi;

I,.. 1a gia tri dong dién hiéu dung tong cia
ngudn IBR, bao gdm day du cac thanh phan
song hai va séng hai trung gian té1 bac hai
50 do tai diém do luong tham chiéu (RPA -
Reference Point of Applicability).

IEEE 28000-2022 ciing dé ra cac muc gidi
han séng hai riéng 1¢ va gia tri TRD tai diém
RPA cuia luéi dién tmg véi timg cap dién ap,
16n nhat 13 khong qua 5% ddi véi ludi dién
trung ap. Bang 4 cho thay cac gia tri gidi han
dugc quy dinh twong g v6i cac cap dién ap
tir trung 4p tro 1én twong Gng véi hé thong
dién Vi¢t Nam. Pay la céc gia tri gidi han
dugc md rong xét ti cd cac song hai trung
gian, can phai dugc bd sung trong cac quy
dinh tai Viét Nam.

Bang 4. D6 méo dong dién theo % cia

dong dinh muc ([,)
Dién ap | Song hai/song hai trung gian | TRD
(kV) riéng lé (%)
h<11 | 11<h<17 | 17<h<50
Trung ap 4,0 2,0 1,5 5,0
110 2,0 1,0 1,0 2,5
>110 1,5 1,0 1,0 2,0

4, KET LUAN

Vi¢e tuan thu cac quy dinh k¥ thuat trong tinh
toan, thiét k&, van hanh hé thong dién 1a yéu
cau bat budc, dic biét 1a yéu cau vé song hai
trong hé thong dién c6 tich hop nhiéu thiét bi
dién tir cong sudt.

Quy dinh vé song hai trong hé théng dién
Viét Nam ndm & nhiéu van ban d3 tham chiéu
t6i nhitng tiéu chuan, quy dinh dugc ap dung
rong rai trén thé gidi, tuy nhién, van con
nhirng khoang trong trong cdp nhat nhiing
khai niém méi, chi sé danh gia va gia tri
2161 han anh huong. Hé théng dién Viét Nam
v6i nhiéu phan khac dang trong qua trinh
nang cap can phai duoc tinh toan dua trén
nhiéu yéu tb riéng cua ban dia, cap nhat cac
ndi dung mdi vao cac van ban chung co thé
s& khong dugc ddy du, chi tiét va thuan loi
trong ap dung. Do vy, mot tiéu chuan riéng
vé song hai trong hé thong dién noi chung va
trong cac lugi dién cua tung linh vuc cong
nghiép khac nhau, can thiét phai dugc xem
xét nghién ctru xay dung.
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