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Giam thiéu séng hai trén ludi dién phan phoi
c6 tich hgp dién mat trai

Nguyén Phic Huy*, Nguyén Thi Thanh Loan®

Tém tat:

Dién mit troi c6 quy mo vira va nhé két néi rai rc trén pham vi rong cap dién cua ludi dién
phan phéi dia phuong da dem lai nhiéu lgi ich cho lu6i dién. Tuy nhién véi ddc diém cd hiru
cta thiét bi dién ti cong suat, cac bo nghich luu phat sinh séng hai. Nhiing song hai nay lan
truyén khép noi trén ludi dién c6 thé gay lén nhiing tac dong bat loi. Viéc lép dat cadc bo tu bu
cong suat phan khang c6 thé 1am gia ting cong hudng & cac tan sd trung voi tan s6 song hai lan
truyén c6 thé 1am cho nhiing &nh hudng cang nang né hon. Bai bao nay trinh bay dic diém phéat
sinh séng hai ctia cac b bién ddi tmg dung trong dién mét troi. Xay dung mo hinh mo6 phéng
ludi dién trung 4p ctia viing nti phia bic Viet Nam c6 két noi dién mat troi. Ap dung k¥ thuat
quét tdn nham tim ra cac diém cong hudng, phan tich sy lan truyén song hai trén luéi dién. Tir
dé, gidi phap bo loc séng hai thu dong dugc dé xuat va la gidi phap phtt hgp nhdm dam bao
tong do méo dang séng hai theo quy dinh.
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Harmonic Mitigation in Solar Photovoltaic Integrated
Power Distribution Networks

Nguyen Phuc Huy?®, Nguyen Thi Thanh Loan®

Abstract:

Small and medium-scale Photovoltaic Solar Powers (PV) are distributedly connected in wide
range distribution power networks with many benefits. However, for the inherent character-
istics of power electronic devices, the inverters produce harmonic currents. These harmonics
propagate to all points causing unexpected effects. With many compensated capacitor banks
installed on the network, the resonances may be occurred at the propagated frequency leading
to amplify the effects significantly. This paper presents the harmonic generation characteristic
of PV inverters. A simulation model was built to analyze the harmonic in a PV connected
distribution power network at Northern of Vietnam. The frequency scan was applied to
show resonance points and to analyze the propagation of harmonics. Consequently, passive
harmonic filters were proposed to be a suitable solution to keep total harmonic distortions
under the limits.

Key words: distributed resources, photovoltaic solar power, distribution power network, harmonic,
harmonic filter
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Gi6i thieu

Phat dién tir cic nguon nang luong tai tao dang la xu hudng chu dao trén thé gioi, tién
toi giam thiéu sy phu thudc vao cac nguén nang lugng héa thach. Theo dy thao Quy hoach
dién VIII ty trong ngudn ndng lugng tai tao (gio, mat troi, sinh khdi) tang tir 27% (2020)
lén dén 56,3% vao nam 2045 (N. B. Hau, 2022). Trong phan khtc luéi dién phan phéi, cac
nguon dién nay cé cong suat nho duge két noi gdn hon voi phu tai dién, chung dugc goi
chung 14 nguén dién phan tan (DG) (Math H. J. Bollen, 2011). Ngudn dién mat troi (PV)
trong ludi dién phan phdi c6 ti sudt thAm nhap ngay cang l6n, phan bé rai rac dan toi su
thay d6i vé chiéu cong suat cling nhu nhiing thay ddi vé ton that, diéu kién mang tai cta
duong day va cac van dé vé chat luong dién ap. Khi cong suat phét cua cac PV tang 1én lon
hon nhu cau ctia phu tai dién, dién éap tai diém két n6i c6 thé ting cao. Néu muc ting qua
16n, duong day c6 thé bi qua tai va ton that cong suat sé ting 1én (Hsieh et al., 2011; Ismael
et al., 2019; Math H. J. Bollen, 2011). Bén canh d6, cac PV két n6i qua cac bo bién ddi dién tr
cong sudt sé “bom” soéng hai dong dién vao trong ludi dién (Poan Ptc Tung, 2019; Lé Dtc
Tung, 2020; Zeb et al., 2018). Gidi han vé muc phat sinh séng hai tai cac nat trén ludi dién sé
dan t6i su gioi han vé cong sudt phat ctia PV (Barutcu et al., 2020), va do d6 mtic d6 nhiéu
song hai thuong dugc quy dinh trong céc tiéu chuan va qui dinh cu thé (30/2019/TT-BCT,
2019; IEEE Std 519-2014, 2014). Ngoai ra, séng hai lan truyén trong luéi dién c6 thé tang cao
& nhiéu vi tri, d4c biét khi ludi dién c6 két noi cac b tu bu cong suédt phan khang thi muc
tdng c6 thé 16n do xuat hién cong hudng & nhiéu tan s6 (Tortoreli et al., 1987).

Céc phan tiép theo cua bai bao sé tién hanh tinh todn va phan tich vé séng hai cho mot
ludi dién phan phdi trung ap cu thé c6 tich hgp dién mat troi, tir d6 dé xuét gidi phap han
ché€ va loai trir song hai trén ludi.

Soéng hai phat sinh tir dién mat troi

Soéng hai trén luéi dién c6 thé dugce sinh ra tir nhiéu nguén khac nhau béi cac phan
tr phi tuyén két n6i. Séng hai la truong hop riéng ctia song diéu hoa, c6 tan s& bang boi s&
ctia séng diéu hoa tan s6 co ban (50 Hz, hodc 60 Hz). Séng diéu hoa c6 thé duge xac dinh
1a tong ctia cac séng c6 tan s& khac nhau. Trong sd cac séng hai thanh phan ctia séng diéu
hoa, cac séng hai bac hai 3k-1 (2, 5, §, 11,...)  phabvac tré pha so vo6i thanh phan song
hai bac 3k-1 pha a tuong tng 1a 120° va 240" duoc goi la thanh phan song hai thi tu thuén;
nguoc lai cac thanh phan séng hai bac 3k+1 (4, 7, 10, 13,...) dugc goi 1a thanh phan song hai
thtr tu nghich; cac thanh phan séng hai boi 3 ¢6 bac hai 3k (3, 6, 9,...) 1a cac thanh phan song
hai tht ty khong (Das, 2017; J Arrillaga, 2003).



Dé dam bao cac anh hudng ctia séng hai khong qua 16n, tiéu chuan vé song hai trén
ludi dé cap t6i cac gi6i han can thiét thong qua céac chi tiéu nhu téng d6 méo dang séng hai
(THD) va hé s6 méo dang timg thanh phan (IHD, ), cho ca dién ap va dong dién ta co:

- Téng dd méo séng diéu hoa

THD = 1
- Hé s6 méo dang tumg thanh phan song hai
Fp
IHD}, = — X 100 (%) 2
B

trong d6 F, va F, la gia tri dién hiéu dung séng co ban va séng bac h.

D6i voi cac PV két néi voi ludi dién thong qua cac bo bién déi DC/AC sé lam phat
sinh s6ng hai dong dién bom vao ludi dién vi dic tinh c6 hitu cta cac thiét bi dién ta cong
suat. Trén thi truong hién nay, cac bo bién déi duoc st dung trong két n6i PV véi ludi dién
12 bd bién d6i ngudn &p (VSI) st dung cac van ban dan IGBT. Cac VSI lam viéc v6i ché do
diéu khién theo dong dién la cht yéu, do d6 sé anh hudng truc tiép toi dong dién hai bom
vao ludi (Zeb et al., 2018). Cac cau hinh bd bién déi st dung chi yéu la loai hai mitc dién
ap (two-level voltage) va ba muc dién ap (three-level voltage). Qua trinh dong mo cac van
van duogc thuc hién bang ki thuat diéu ché do rong xung (PWM) la chu yéu. Véi bo bien
déi 6 xung (6 pulse converter) phd bién, séng dong dién dau ra sé bao gébm cac thanh phan
song hai c6 cac bach =6k +1 (k=1, 2, 3,...) (Amirnaser Yazdani, 2010; Chidurala et al., 2015).
Két qua thuc nghiém trong (Zeb et al., 2018) ciing chi ra rdng phan 16n song hai xuat hién la
bac 5,7, 11, 13,... V6i cac bo bién ddi c6 PWM véi tan sd song mang 16n, s6 xung dong cat
ting 1én sé 1am song hai c6 bac 16n tap trung xung quanh gia trj 1a bdi s6 cda tan s song
mang (CIGRE WGB4.67, 2019), tuy c6 ti 1é nhé nhung chting van c6 thé gay ra cac van dé
vé tuong hop dién tu (EMI).

Vi tinh chat cua ludi dién dung trong nghién ctu nay, chua c6 ngudn dit liéu do
dac thuc t€ mtc do phat sinh séng hai ctia hé thdng ning lugng mat troi tai diém két noi
chung (PCC), tuy nhién két qua kiém dinh song hai ctia Inverter duoc st dung trén ludi
(SonLaPC, 2021) va catalogue ctia nhiéu hang cung cap thiét bi thi tong do méo song hai
ctia bo bién déi khong qué 3%, vi vay trong mo phong phé hai ciia PV duoc lua chon trén
co s6 loai bo bién déi 6 xung dién hinh véi nhu hinh 1.
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Hinh 1. Dang s6ng va phé hai diu ra by bién déi 6 xung (J Arrillaga, 2003)
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Giam thiéu song hai trén luéi dién
Khi PV két n6i vao ludi dién sé 1a nguon sinh ra song hai dong dién bom vao luéi. Cac
song hai nay sé tuong tac voi cac phan trén ludi dién phu thudc nhiéu tinh chét caa mang,
vi tri két noi ctia PV. Tu dién bt cong suat phan khang khi dau néi vao ludi dién cing lam
xudt hién cong huong & céc tdn s6 khac nhau.
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PV

2A 2B
Hinh 2. So d6 lu6i dién va so do6 thay thé xét anh hudng cua song hai dong dién. 2A.
Mo hinh don gian cho duwong diy két noi PV; 2B. So do thay thé trong tinh toan anh
huong song hai lén luéi

Tt hinh 2.B (Das, 2017), dong dién hai tir ngudn PV (I,) phat mot phan vé phia ludi hé
thong (I,) va mot phan vé phia phu tai sau diém d4u n6i, ta c6 quan hé sau:

€)

trong do téng trd phia hé thong (Z,) phu thudc vao cong suat nge”in mach ctaa hé
thong (Das, 2017), tong trd phia sau PV (Z,,) phu thudc vao ciu trac duong day va cac
phan ti bu, ban than phu tai dién.



Co6 thé thdy tir (3), cong suat ngdn mach ctia hé théng cang nho (hé théng yéu) hay PV
két noi cang gan nguon hé thong (Z,, giam) thi anh hudng ctia séng hai t6i phia hé thong sé
tang lén. Nguoc lai, khi PV két néi cang xa nguon hé thong hay trong cac ché d¢ tdinon (Z
gidm) thi &nh hudng ctia séng hai phia luéi phia sau diém két néi PV 16n hon phia nguén
hé thong. Ngoai ra, dién 4p hai c6 thé tang lén cao mic du dong dién hai bom vao 1a nhé
do anh huong cta cong hudng 6 tan s6 hai tuong tng (Das, 2017). Viéc phan tich va phat
hién cac diém cdng huong trén ludi dién c6 thé duoc thuc hién thong qua ky thuat quét tan,
tim kiém cac diém c6 nguy co gia ting lugng song hai & tdn s6 nhat dinh dé quyét dinh giai
phép xt ly. DB4c biét khi c¢6 su tham gia cua tu bt cong sudt phan khang trén ludi dién, s6
diém cong hudng c6 thé xuat hién nhiéu hon.

Mot trong cac giadi phap don gian va kinh té, thuan lgi trong van hanh la lép dat cac bd
loc song hai thy dong tai cac diém c6 nguy co tdng cao vé nhiéu séng hai. Muc tiéu la tao ra
cac cong hudng mai nham triét tiéu cac cong huong da xuat hién trudc khi lép dat bo loc.
Don gidn nhat, ta 4p dung bd loc don nham triét tiéu timg thanh phan séng hai riéng 16, ma
da phan la bac 5 va bac 7 xuat hién nhiéu trén luéi. So d6 mach va dic tinh téng trd- tan s6

cta bo loc don nhu trong hinh 3.
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Hinh 3. So d6 b loc don va dic tinh Z(f) (Arillaga, 2003)

Két qua tinh toan mo phdong va phan tich

Ludi dién duge st dung trong mo phdng va phan tich 1a xuét tuyén 382-Mai Son, sau
mady cat 373-E17.2 Son La, so d6 t6i gian gdm duong truc chinh, cac nhanh ré va cac ngudn
PV dugc thé hién trong hinh 4, d6 thi phu tai thé hién trong hinh 5A. Day dan dugc st
dung trén ludi 1a day nhom 16i thép voéi cac cdp day duong truc la AC-95, dudng nhéanh la
AC-70 va AC-50, téng chiéu dai toan bo xuat tuyén hon 200 km. Vi 138 tram bién ap phan



phdi 35/0,4 kV déu dugce thuc hién bt nang cao cose = 0,9, tdng cong suat phu tai 16n nhat
8,7 MW. Ngoai ra, hién tai trén ludi dién c6 dau noi nhiéu bo tu bu cong suét phan khang
3 pha v6i cac gam cong suat 150 kVAr va 300 kVAr; 8 nguon PV két ndi trén ludi tap trung
chu yéu ¢ phan dau cua xuét tuyén trong d6 c6 cum 6 PV Xuan Trudng nhanh Ban Mat,
tong cong suat thiét k&€ 8 MWp. D6i v6i khu vue Son La, cuong do btic xa mit troi 16n nhat
la trong thang 7 va thang 8 v6i hon 1 kW /m? (SonLaPC, 2021; Vién Nang Lugng, 2016).
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Hinh 4. So d6 t6i gian luéi dién trong mo6 phong
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Hinh 5. 5A. Phu tai xut tuyén; 5B. Cuong d¢ btic xa thang 7 khu vuc Mai Son

Theo cac dit liéu da o, cac kich ban trong mo6 phéng ludi dién duoc dé xuét nhu sau:

+ TH1: lu6i dién mang tai trung binh (3,5 MW) va PV két ndi phat max (800 W/m?);



+ TH2: lu6i dién mang tai trung binh va PV két n6i phét trung binh (300 W/ m?);

+ TH3: gia thiét c6 sur dich chuyén vé d6 thi phu tai luéi dién mang tai max (8,7 MW)
va PV két noi phat max (800 W/m?);

Str dung ky thuat quét tdn qua cong cu Frequency Scan ctia ETAP cho thay cac diém
cong hudng khong xuat hién & cc tan s6 tuong tng song hai bac 5,7, 11, 13 dién hinh; hinh
6 xét cho diém 37 ddu nhanh két n6i cum PV Xuan Truong cho thay kha nang khuéch dai
dién ap hai & cac bac hai trén 1a khong xay ra. Tuy nhién can cha ¥ gia tri lon ctia tong trd
tuong tng & séng hai bac 7.

Dic tinh Z(h) theo k¥ thuét quét tan
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Hinh 6. Pic tinh téng tré - tan s tai nat 37 trong cac truong hop khao sat

Bang 1. Téng d méo dang (THD %) dién 4p PV nhanh PV Xuan Truong

Phia th& cAip MBA ctia PV Phia so cap MBA cta PV
Cac
truong | 37,9 1 37/9|37/9 | 37/9 | 37/9 | 37/9

hGp Bus12 | Bus14 | Bus16 | Bus24 | Bus26 | Bus41
: A/5 | A/6 | A/7 | A/8 | A/9 | A/11

TH1 |1,158|1,159 1,160 |1,160 | 1,160 | 1,160 | 1,997 | 1,998 | 1,998 | 1,998 | 1,999 | 1,999

TH2 {0,017 0,000 | 0,008 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,007 | 0,017 | 0,008

TH3 10,893 /0,894 10,895 /0,895|0,895| 0,89 | 1,914 | 1,914 | 1,915 | 1,915 | 1,915 | 1,916

Tién hanh m6 phdng phan tich séng hai cho cac truong hop trén, phan tich tong do
méo dang song hai tai trong nhanh nhiéu PV nhu trong bang 1. Véi viéc lua chon cung
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dang nguon phat sinh s6ng hai va cong suat cac PV ciing tuong duong nhau, va dam béo ti
1¢ séng hai dong dién dau ra ctia cac bo bién doi ~3%, thi H 1& séng hai dién ap dau vao so
cap cta cic MBA tang ap cia PV la ~2% trong khi ti 1é d6 6 phia dau ra tht cap chila ~1%.

Két qua mo phong trong hinh 7 chi rd anh hudng vé song hai cta PV 1a rdt nho ¢ ché
do phat cong suét han ché (TH2). Véi muc do phét cong suat 16n hon cta PV ¢ hai truong
hop con lai, c6 thé thay téng dd méo dang dién ap tang dan vé cudi lusi dién (ngudn hai
phét sinh cha yéu bom vao luéi qua nat 37). Biéu nay hoan toan phtt hgp v6i phén tich trén
muc 3 khi phia sau khong con nguén khéc bo sung vao, ttc tong trd phia tai ting hay cong
suat ngdn mach ctia cac diém cang vé cudi ludi cang gidm.
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Hinh 7. Téng méo dang séng hai dién ap trén truc chinh cta luéi dién

Ngoai ra, su tuong quan vé muc phét cong suat ctia PV va ché do tai cua ludi dién sé
anh hudng 16n t6i song hai trén ludi. V6i cing mitc phat PV & TH1 va TH3 thi tong méo
dang song hai trén luéi TH1 16n hon do phu tai thap hon TH3.

Xét thém mot s6 nut chinh trén ludi dién nhu dau cudi duong truc, céc vi tri bu, vi tri
két ndi PV, ta c6 thé thay 16 rang hon vé ti 1é clia cac song hai riéng 1é mot s6 ntt trong TH1
nhu hinh 8A, ti 1é méo dang séng hai riéng lé tai ntut 37 gitta TH1 va TH3 nhu hinh 8B. C6
thé thdy thanh phan hai bac 7 c6 ti 1é 16n & cac nat, ddng thoi ti 1é nay tang cao khi phu tai
thadp va PV phat cong suét 16n, rd rang hon trong truong hop luéi dién nay vi PV chi tap
trung ¢ phan dau caa ludi dién.
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Hinh 8. D¢ méo dang cuia cac song hai riéng 1é

Vi ti 1¢ két noi PV va moi cam két ky thuat ctia nha san xudt néu dugc thda man cé
thé thdy mtic nhiéu ctia song hai trén xuat tuyén 382-Mai Son 1a rat nhé. Tuy nhién khi ti
1¢ PV két ndi tang Ién, cting nhu phan tich trén, ti 1& nhiéu séng hai c6 thé ting va vugt qua
gioi han cho phép.

Dé gidm thiéu anh hudng ctia séng hai, mot s tai liéu da chi ra nhiéu gidi phap nhu
viéc st dung dc-qui luu dién phia DC ctia PV, téng ti 1é phat cong suat phan khang ctia PV
tic cho inverter 1am viéc 6 ché o diéu chinh dién ap, thiét ké cac mach loc LC & dau ra cta
inverter (Lé Ptc Tung, 2020; Renukadevi V. & Jayanand, 2015; Vinayagam et al., 2019), st
dung bo loc tich cuc (Poan btc Tung, 2019). Dya vao tinh hinh luéi dién 382-Mai Son, giai
phéap don gidn c6 thé huéng toi 1a thist k& bo loc thu dong trén co s cac diém bu cong suat
phan khéng hién c6. Cho nhdnh PV Xudn Truong hién tai, st dung cong cu Filter Design
cta ETAP tinh toan cai tao dan tu bu 300 kVAr thanh b6 loc don séng hai bac 7 va van dam
bao muic bu cti. V6i bd tu 300 kVAr ddu tam gidc, thong s6 bo loc cai tao xac dinh duge C
= 0,276 uF, L = 0,7488 H, hé s6 chat luong q = 20 thi d4c tinh Z(f) tai nat 37 truong hop TH
sau khi dat bo loc nhu hinh 9. Két qua cho thdy téng do méo dang séng hai dién ap trén
luéi giam duoc trén 20% (hinh 10A), d6 méo céc song hai riéng 1é cting giam (hinh 10B).
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@100 T \ o 4% X % :,//2/ %
0,80 _f——"‘r b ! oy w04 é é é
0,60 Pt Z Z
0.40 Yolele 4 22 H02 é % % . g 7
0.20 a1 ’ A é é Z ? ’ é 7
0’00hmhmomm{m@l\l\mm\oomiz()% 0 g /m %‘A //é’u //m ﬁ ,’//m
NmanoTpoSsonsa R X 1 5 7 11 _13 17 19 23 25
Tén nit Bac hai
10A 10B

Hinh 10. Hiéu qua giam d0 méo dang song hai sau khi dat bd loc

Két luan

Bai bdo nay trinh bay khéi niém séng hai trén luéi dién, mo hinh phan tich sy lan
truyén song hai 1én ludi dién vé phia phu tai hay ngudn khi c6 phat sinh song hai tir nguén
dién mat troi. Thong qua tng dung phan mém ETAP mo6 phong va tinh toan ludi dién
thuc té, sit dung cong cu quét tan dé nhan thtc rd cac diém cdng hudng, bai bdo da phan
tich song hai trén ludi dién trong céc truong hop khéac nhau. Két qua mo phong la giai dap
tuong minh cho mo hinh ly thuyét da trinh bay vé anh hudng cda séng hai tir PV bom lén



13

luéi dién. Tir cac phan tich qua 03 truong hop cu thé, gidi phap loc séng hai bac 7 duoc lya
chon cho thay ti & gidm tong do méo dang séng hai lén t6i gan 30%.

Mic du cac két qua moi dua trén nhiing gia thiét vé muac phét sinh song hai tir cac bo
bién d6i ctia PV nhung két qua ctia bai toan ciing la dinh huéng chung cho céc truong hop
co ti 1¢ phat sinh song hai nho hon. Goi y giai phép tan dung va cai tién céc bo tu bt cong
suat phan khang thanh cac bo loc gop phan gitip cac don vi van hanh luéi dién giam thiéu
chi phi va céc tinh toan khac cho luéi dién.
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